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XN  the  preface  to  the  first  volume  of  “ Electrical  Illumination,”  a reference 
was  made  to  the  headlong  impetuosity  with  which  the  too  credulous 
public — encouraged  by  speculators  and  sanguine  or  astute  inventors — threw 
enormous  sums  of  money  into  electric  lighting  enterprises,  and  it  was  pre- 
dicted that  the  time  was  fast  approaching  when  a disastrous  reaction  must 
set  in,  which  would  have  the  inevitable  effect,  not  only  of  overthrowing  all 
those  numerous  companies  that  had  been  established  on  an  insecure  basis, 
but  also  of  shaking  to  their  foundations  the  more  solid  and  responsible 
associations.  The  course  of  events  has  fully  justified  the  views  expressed,  as 
well  as  the  consequences  indicated,  and  public  confidence  which  had  been 
so  misplaced,  was  suceeeded  by  doubt  and  mistrust  that  have  checked 
materially  the  eommercial  progress  of  electric  lighting.  By  effecting  large 
reductions  in  capital,  and  by  vigorous  retrenchment  in  expenses,  some  of  the 
more  powerful  electric  lighting  companies  have  weathered  the  storm,  and 
are  to  day  doing  a considerable  and  a more  or  less  profitable  business ; for 
although  none  of  the  extensive  projects  for  lighting  on  a large  scale,  which 
occupied  the  attention  of  promoters  two  years  ago,  have  been  realised,  yet 
installations  on  a modest  scale  have  become  more  numerous,  and  isolated 
plants  are  now  largely  in  use.  The  use  of  electricity  for  lighting  ocean 
steamers  may  now  be  said  to  be  general,  and  will  soon  be  universal,  and  the 
details  involved  by  this  special  application,  have  been  worked  out  in  a 
manner  that  leaves  little  to  be  desired. 

The  time  having  past  when  the  inventors  of  a dynamo  or  an  incan- 
deseence  or  arc  lamp,  could  hope  to  obtain  large  sums  by  the  sale  of  their 
patents,  it  has  followed  as  a necessary  consequence,  and  by  the  law  of  the 
survival  of  the  fittest,  that  the  number  of  types  of  dynamos  in  use  has  been 
reduced,  and  that  invention  has  followed  more  closely  the  narrower  path 
towards  improvement  in  detail  and  increase  of  efficiency.  With  several 
well-known  systems  the  latter  object  has  been  achieved,  and  practically 
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nothing  further  can  be  hoped  towards  the  attainment  of  a higher  percentage 
of  useful  work. 

It  would  of  course  be  absurd  to  suppose  that  science  has  no  more  to  do 
in  effecting  further  economy,  or  that  inventors  must  confine  themselves  to 
the  perfection  of  details,  but  a stage  has  now  been  reached  in  the  progress 
of  electric  illumination,  when  cost  can  be  counted  and  comparisons  be  made 
with  the  older  modes  of  lighting.  And  the  result  of  such  comparison  may 
be  briefly  stated  as  follows  ; For  large  commercial  and  industrial  establish- 
ments, electricity,  emjiloyed  for  arc  lighting,  is  cheaper  than  gas,  and  even 
when  applied  by  means  of  incandescence,  the  extra  trouble  and  expense 
incurred  are  often  more  than  repaid  by  the  purer  and  increased  light  obtained, 
and  by  the  total  absence  of  deleterious  effects  to  employes  and  material.  The 
same  remark  applies  with  equal  force  to  the  lighting  of  theatres  by  incandes- 
cence lamps  ; for  although  experience  obtained  in  this  application  tends  to 
prove  that  gas  is  by  far  the  cheaper  illuminant,  the  advantages  of  electric 
illumination  are  so  great  that  its  adoption  for  this  purpose  will  be  soon 
general.  Its  use  in  private  houses  supplied  with  isolated  plants  and  secon- 
dary batteries,  is  in  all  respects  a luxury,  and  has  to  be  paid  for  as  such, 
and  it  does  not  appear  at  all  probable  that  any  scheme  of  general  district 
lighting  can,  with  our  present  knowledge,  be  made  to  compete  with  gas,  the 
price  of  which  would  be  largely  reduced,  if  competition  rendered  such  a step 
necessary. 

Whilst  electric  lighting  must  thus,  for  private  uses,  be  regarded  as  a 
luxury,  it  has  for  many  purposes  become  an  absolute  necessity,  and  at  the 
same  time  the  practicability  of  employing  it  as  a steady  and  reliable  means 
of  illuminating,  has  been  demonstrated  at  the  two  great  Exhibitions  held  at 
South  Kensington.  At  the  Health  Exhibition  this  year  more  than  four 
millions  of  people  liave  witnessed  the  solution  of  a problem  which  would 
have  been  considered  impracticable  four  or  five  years  ago — ^the  illumination 
night  after  night  of  a series  of  vast  halls  and  public  gardens  without  any 
trouble  or  interruption.  The  actual  cost  of  this  demonstration,  it  must  be 
admitted,  is  probably  impossible  to  ascertain.  Since  their  inauguration 
at  the  Palais  de  ITndustrie  in  1881,  exhibitions  having  the  same  object, 
have  been  held  at  Vienna,  Munich,  London,  Philadelphia,  and  elsewhere, 
but  all  these  differ  from  the  Fisheries  and  the  Health  Exhibitions,  in  this 
respect,  that  the  electric  lighting  of  tlie  two  last  named  was  an  incidental 
feature,  and  a commercial  undertaking. 

Tlie  foregoing  remarks  certainly  do  not  apply  to  the  United  States  of 
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North  America,  where  the  high  price  of  gas,  and  the  facility  with  which 
new  enterprises  take  root,  and  make  rapid  growth,  have  combined  to  render 
electric  lighting  rather  the  rule  than  the  exception.  The  system  of  distri- 
bution of  electrical  energy  from  fixed  centres,  has  already  been  largely 
carried  into  practice,  and  is  supported  by  thousands  of  subscribers  as  well 
as  by  municipal  authorities.  But  though  it  must  be  admitted  that  America 
is  far  in  advance  of  Europe  in  this  application  of  electrical  science,  it  should 
be  remembered  that  she  possesses  a richer  and  more  easily  cultivated  field 
for  the  development  of  the  industry  than  can  be  hoped  for  either  in  England 
or  on  the  Continent. 

While  it  has  to  be  conceded  that,  upon  the  whole,  the  progress  made 
in  the  science  of  electric  lighting  during  the  last  two  years,  in  England 
at  any  rate,  has  not  been  so  rapid  as  its  previous  growth  had  suggested,  it 
may  be  confidently  asserted  that  its  future  prospects  are  improved  rather 
than  injured  by  delay. 

In  the  present  pages  an  effort  has  been  made  to  bring  the  subjects 
treated  of  in  the  first  volume  down  to  the  present  time,  and  to  present  in 
a convenient  form  some  of  the  subjects  inseparably  connected  with  the  con- 
version of  mechanical  into  electrical  energy. 

The  first  section,  contributed  by  Dr.  M.  F.  O’Reilly,  treats  of  the 
principal  measurements  which  occur  in  electrical  engineering.  It  opens 
with  a brief  expose  of  the  fundamental  principles  necessary  for  a good  com- 
prehension of  the  practical  methods.  In  deducing  and  explaining  these,  as 
well  as  the  theories  of  the  standard  instruments,  a knowledge  of  elementary 
mathematics  is  implied  such  as  every  one  should  possess  who  aims  at  work- 
ing intelligently  at  applied  electricity.  In  two  cases  only  has  the  calculus 
been  used,  and  that  on  account  of  the  rapidity  of  the  method  and  import- 
ance of  the  results. 

The  section  on  Photometry  is  chiefly  the  work  of  M.  H.  Vivarez,  and 
that  on  Dynamometers,  which  has  appeared  substantially  in  the  pages  of  La 
Lumihre  Electrique,  is  by  M.  Gustave  Richard.  The  pages  devoted  to  the 
descriptions  and  illustrations  of  modern  dynamos  and  lamps,  contain,  it  is 
hoped,  all,  or  nearly  all,  systems  and  arrangements  introduced  to  the  public 
since  the  publication  of  the  first  volume,  and  which  are  worthy  of  notice. 

It  is  almost  superfluous  to  speak  of  the  Appendix  containing  the 
abstracts  of  specifications  relating  to  electrical  matters.  This  arduous  work 
has  been  done  carefully  and  conscientiously  by  Mr.  W.  Lloyd  Wise,  and 
will,  we  have  no  hesitation  in  saying,  be  found  of  very  high  value.  It  was 
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impossible  within  the  limits  of  the  present  volume  to  bring  these  abstracts 
down  to  the  end  of  the  year  1883,  but  it  is  hoped  that  this  may  be  done  on 
a subsequent  occasion. 

Some  errors  have,  it  is  feared,  escaped  notice.  On  page  15,  the 
multiplying  j^ower  of  the  shunt  should  be  w+1,  which  will  make  S,  its 
G 

resistance,  — ; on  page  29,  for  the  phrase  “ A being  an  axis,”  read  “ A 

being  on  axis;”  on  page  76,  for  (xoth  ampere)  read  (10  amj3eres) ; on 
page  88,  the  formula  given  should  read  w.j,  {t^ — h)  J;.on  page  158,  in 
the  heading  of  the  table,  read  “ wick  variable  and  chimney  constant,”  for 
“ wick  constant  and  chimney  variable.” 

The  writer  desires  to  acknowledge  the  assistance  rendered  by  Mr. 
Conrad  W.  Cooke,  in  contributing  the  notice  of  the  Hochhausen  system, 
by  Mr.  Thomas  Wilkins,  and  by  Mr.  B.  A.  Baworth,  Dr.  A.  Borns,  and 
Mr.  J.  Munro. 
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ELECTRIC  ILLUMINATION. 


I. 

ELECTRICAL  MEASUREMENT. 

ENERAL  PRINCIPLES. — The  adoption  of  a system  of  units 
(which  cannot  yet  be  regarded  as  perfect)  has  developed  the 
study  of  electricity  from  a mere  observation  of  phenomena  into  a 
science  of  exact  measurement.  The  electrical  quantities  of  Resistance, 
Electromotive  Force,  Strength  of  Current,  and  Capacity  can  be  accurately 
determined;  and — thanks  to  the  labours  of  successive  Committees  of  the 
British  Association  and  to  the  Congress  of  Electricians — expressed  in 
practical  units. 

The  electrician  can  now  give  the  capacity  of  a submarine  cable  in 
Microfarads,  or  its  insulation  resistance  in  Megohms ; and  he  can  determine 
the  electrical  efficiency  of  a dynamo,  or  the  mechanical  energy  expended  in 
an  arc,  or  in  an  incandescence,  lamp  with  ease  and  precision.  Such  measure- 
ments involve  a knowledge  of  certain  general  principles,  which  it  will  be 
useful  to  briefly  consider  before  describing  the  more  important  instruments 
and  practical  methods  commonly  used  in  this  branch  of  physical  science. 

The  fundamental  law  of  this  science  was  first  enunciated  by  Dr. 
G.  S.  Ohm,  in  a work  on  the  mathematical  theory  of  the  electric  cur- 
rent, published  in  1827. 

It  establishes  the  relation  connecting  the  Electromotive  Force,  the 

E 

Resistance,  and  the  Current,  viz.,  C = 

It 

This  law  shows : 

(o)  That  when  a given  E.M.F.  is  impressed  at  the  ends  of  different 
conductors,  the  current  through  these  varies  inversely  as  their 
respective  resistances ; and 

{h)  That  for  a given  current  passing  through  the  conductors,  the 
difference  of  the  potentials  at  their  ends  varies  directly  as  their 
resistance, 

B 3 
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Ohms  Law : Resistance. 


This  great  electrical  law  cannot  be  deduced  from  purely  theoretical 
considerations.  It  was  experimentally,  though  roughly,  verified  by  Ohm  him- 
self, and  subsequently  by  several  eminent  investigators,  including  Pouillet, 
Becquerel,  Fechner,  and  Kohlrausch.  More  recently  it  has  occupied  the 
attention  of  a Committee  of  the  British  Association,  in  consequence  of  its 
accuracy  being  suspected  by  Weber,  Lorenz,  and  Schuster. 

The  experimental  verification  was  entrusted  to  Mr.  G.  Chrystal,  of  the 
Cavendish  Laboratory,  now  Professor  of  Mathematics  in  the  University 
of  Edinburgh;  and  most  carefully  conducted  experiments  have  shown  it  to 
be  not  merely  a close  approximation,  but  a strict  physical  law.* 

Kohlrausch  and  Nippoldt,  in  a classical  series  of  experiments,  have 
shown  it  to  hold  for  electrolytes  throughout  a great  range  of  electromotive 
force. 

Besides  direct  verifications,  we  havm  evidence  for  the  accuracy  of  the 
law  in  the  many  discoveries  to  which  it  has  led,  as  well  as  in  a great  variety 
of  measurements  which  have  been  made  with  a degree  of  precision  rarely 
approached  in  other  physical  determinations. 

1.  Re  sistance. — The  idea  implied  in  the  term  “ electrical  resistance”  is 
that  of  an  actual  force  opposing  the  E.M.P.  which  maintains  the  current. 
It  is  analogous  to  friction  in  mechanics,  for  it  tends  to  diminish  the  avail- 
able energy  of  the  current. 

Ohm’s  law  furnishes  a definition  of  resistance,  and  consequently  also  of 
unit  resistance.  It  defines  the  resistance  of  a conductor  to  be  the  ratio  of 
the  numerical  value  of  the  E.M.P.  to  that  of  the  current  which  it  produces  ; 
and  hence  a conductor  of  unit  resistance  is  one  in  which  unit  current  is  pro- 
duced by  unit  electromotive  force. 

The  resistance  of  a conductor  may  also  be  defined  as  the  work  done  in  it 
by  the  passage  of  unit  current  for  unit  time ; for,  as  will  be  seen  further  on, 

W=0  T E:=C  T.C  R = C=  RT. 

Hence,  if  C be  unit  current  and  T unit  time,  we  have 

W = R, 

that  is,  the  work  done  is  numerically  equal  to  the  resistance. 

The  resistance  of  metallic  conductors  de})ends  in  no  way  upon  the 
current  which  is  passing,  or  the  E.M.P.  which  is  impressed.  It  is  a ])hysical 


* B.A.  Report  for  1870. 


Unit  Resistance:  Conductivity. 
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quantity,  which  is  pcifcctly  constant  so  long  as  the  molecular  conditions  of 
the  conductor  remain  unaltered. 

The  resistance  of  a conductor  is  aftected  by  heat,  strain,  tempering,  and 
even  by  magnetisation. 

Resistance,  in  the  electromagnetic  system,  has  the  dimensions  of,  and 
is  therefore  expressible  as,  a velocity.*  The  standard  resistance,  constructed 
in  1863  by  the  Committee  of  the  British  Association,  is  called  the  ohm,  and 
was  intended  to  represent  the  velocity  of  a body  which,  in  one  second  of 
time,  would  move  over  a quadrant  of  a terrestrial  meridian ; that  is  to  say, 
a velocity  of  10'’  centimetres  per  second. 

Some  doubt  having  arisen  as  to  the  accuracy  of  this  standard,  re- 
determinations of  its  value  have  been  made  by  Kohlrausch,  Lorenz,  H. 
Weber,  Rowland,  Glazebrook,  Carey  Foster,  and  Lord  Rayleigh.  The 
numerical  results  obtained  by  different  methods  are  not  perfectly  con- 
cordant. That  given  by  Lord  Rayleigh  from  his  latest  determination 

(1883)  makes  the  B.  A.  unit  = .9868  — or  .9868  of  the 
' ’ second 

theoretic  ohm. 

A megohm  is  a million  ohms  ; a microhm  is  the  millionth  part  of  an  ohm. 
Conductivity  is  plainly  the  reciprocal  of  resistance.  No  special  unit  has 
yet  been  introduced. 

Let  A B be  a conductor  of  length  I and  sectional  area  s,  then  the 
flow  of  electricity  (the  current)  along  A B will  vary 
{a)  directly  as  the  difference  of  potentials  V„- 
(6)  directly  as  s ; 

(c)  directly  as  a constant  c depending  upon  the  material  of  the 
conductor ; and 
{d)  inversely  as  I,  i.e.  : 

W-v, 

V - V V - V, 

I - 11 

c 

* A coil  of  wive,  in  revolving  about  a vertical  axis,  cuts  the  horizontal  component  H of  the  earth’s 
magnetic  force.  If  C be  the  induced  current,  r tlie  mean  radius  of  the  coil,  n the  number  of  windings,  R the 

resistance,  and  w the  angular  velocity  of  the  coil,  we  have  C = Also,  from  the  deflection  of  the 

r II 

magnet  suspended  at  the  centre  of  the  spinning  coil,  we  have  C=  - tan  (/>.  By  ecpiating  these  values, 

2 7T 

we  get  R = 2 r u cot  <p  ; that  is,  R is  expressed  as  a velocity. 
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Specific  Conductivitij  : Specific  Resistance. 


wlioro 

K=- (1) 

s c 

From  (1)  we  conclude  that  the  resistance  of  a conductor  varies  directly 
as  its  length  and  inversely  as  its  cross  section.  If  ^ = unit  length  (1  cm.) 
and  6‘  =:  unit  area  (1  sq.  cm.),  then  F,  the  resistance  of  1 cm.  cube,  is  called 

the  specif  c resistance  of  the  conductor ; and  therefore,  also,  = F 
the  specific  conductivitij. 

The  resistance  of  a cylindrical  conductor  may  be  defined  with  reference 
to  its  weight.  Thus  : 

The  weight  W of  a body  is  numeiically  the  pi'oduct  of  its  mass  M by 
the  acceleration  due  to  gravity  <j,  i.e.,  W = M q. 

M is  the  product  of  the  volume  V by  the  density  p,  i.e.,  M = Vp,  whence 

W = Yp^==slpff (2) 

The  specific  gravity  of  a body  is  the  ratio  of  its  weight  to  that  of  an 
equal  volume  of  some  standard  substance.  For  solid  bodies  the  standard  of 
reference  is  water  at  the  tem2)erature  of  maximum  density,  4°  C. 

In  the  centimetre-gramnie-second  (the  e.g.s.)  system  of  units,  the 
gramme  is  the  unit  of  mass ; and  as  1 cub.  cm.  of  water  at  4°  C.  Aveighs 
1 gramme,  the  specific  gravity  of  any  body  is  nuniei-ically  the  weight  of  one 
cub.  cm.  of  that  body. 

Putting/ 5=1,  ecjuation  (2)  becomes  W — pj,  i.e.,  p <j  is  the  s])ecific 
gravity  of  the  body.  Denoting  it  by  a,  we  have 

7 

\\  :=t  S (I  . * . S = ^ 

L (T 

I 1}  <r 

And  since  R varies  as  — , R will  also  vary  as  ^ . 

Ex.  Let  it  be  required  to  conqjare  the  resistances  Ih  and  R^  of  two 
co})per  Avii'es,  one  of  2 metres  long  and  Aveighing  ^ gin.,  and  the  other 
5 metres  long  and  Aveighing  | of  a gin.  Assuming  that  the  Avires  have  the 
same  sjiecific  gravity  o-, 

K,  ; K,  = 

'4  t 

= IG  cr  ; 37.5  y 

= 32  ; 75 

Ex.  It  is  reijuired  to  find  the  sjiecific  resistance  of  a Avire  447  mm. 
long,  Avhich  has  a resistance  of  .1257  ohm,  and  Avliicli  Aveighs  .411  gin.  in  air 
and  .3G5  gin.  in  water. 


Resistance  in  Series  and  Midtvple  Are. 
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Here  .411  — ,3G5  = .04G  = weight  of  an  equal  volume  of  water  specific 
.411  411 


gravity  = 

But  W = V(x  .-.  .411=V  X 


41 1 
4G 


V = .04G  cub.  cm. ; and  V = r^  tt  I 


^ r^TTX  43.7  r"  77  = 


^046 
43.7 ' 


:. 001053 


The  resistance  of  43.7  cm.  of  the  wire  of  area  .001053  = . 1257  ohm 
the  resistance  of  conductor  1 cm.  long  and  1 cm.  sectional  area, 


.1257 


X .001053  ohm  = .000003029  ohm 


“ 43.7 
= 3.029  microhms 
= specific  resistance  required. 

The  joint  resistance  of  any  number  of  conductors  arranged  in  series  is 
plainly  the  sum  of  their  separate  resistances,  that  is,  R = 7q  + r2  + r3.  . . . 
When  arranged  in  midtijde  arc,  the  joint  resistance  is  found  as  follows  : 

Let  and  Vj  be  the  potentials  at  A n 

and  B respectively. 

Then  V„-V,  =E=  the  E.M.F. 
producing  the  current  C.  '• 

CR  = E. 


E 

But  C = j^ 


Let  i\,  Fig.  1,  be  the  resistance  of  one  conductor  and  Cj  the  current 
through  it,  with  similar  notation  for  the  other  branches.  Then 

V„  - Vj  = Cl  = c.,  = C3  ?-3 

= ^ <-‘2  ^ <5 

J_  _f_ 

r,  r.j 

Cj  + C.,  + C3 


1 1 1 

1 H 

n 7*2  n 


But  C1  + C2  + 6*3  = 0. 

Whence  "T  + "T  + ^ ~ This  gives  the  resistance  R of  the  multiple  arc. 
'^'2  '^‘3  -14 

Ex.  Find  the  joint  resistance  of  three  conductors  of  10,  12,  18  ohms 
arranged  in  multiple  arc.  Here 


1 _ 1 1 _ 43 

R “ To  12  18  “l80 


R = = 4. 1 8 ohms. 

4i3 
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Internal  Resistance  : Electro} not ioe  Force. 


The  resistance  of  metallic  conductors  is  invariably  increased  by  heat. 
Dr.  Matthiessen*  and  Sir  William  Sienienst  have  given  formuloe  for  finding 
the  resistance  of  a conductor  throughout  an  extensive  range  of  temperature. 

It  is  important  to  notice  that  the  resistance  of  carbon  falls  with  a 
rise  of  temperature.  Thus,  the  resistance  of  a filament  when  cold  was  71 
ohms,  and  when  heated  to  incandescence  it  was  found  to  be  only  47  ohms. 
The  decrease  when  white  hot  is  generally  about  the  resistance  when  cold. 

The  electrical  properties  of  selenium  and  tellurium,  in  the  crystalline 
state,  are  modified  by  exposure  to  light,  their  resistance  being  considerably 
and  instantaneously  diminished.  Professor  W.  G.  Adams  has  shown  that, 
under  certain  circumstances,  light  can  even  set  up  an  E.M.F.  and  start  a 
current  in  a bar  of  selenium,  j 

The  internal  resistance  of  a voltaic  cell  practically  depends  upon  the 
nature  of  the  liquids,  the  size  of  the  plates,  and  their  distance  apart.  There 
appears  to  be  some  reason  for  thinking  that  the  resistance  is  also  a function 
of  the  current  itself  § 

The  internal  resistance  is  diminished 

(a)  by  increasing  the  active  area  of  the  plates,  and 
(h)  by  bringing  them  closer  together. 

Heat  affects  the  resistance  of  liquids,  a rise  of  temperature  diminishing 
the  resistance  of  electrolytes  generally. 

Mr.  W.  H.  Preece  has  recently  shown  that  of  the  batteries  in  genei'al 
use,  the  Daniell  is  most  affected  by  variations  of  temperature.  It  becomes 
then  necessary,  where  accurate  measurement  is  required,  to  keep  the  tem- 
perature of  the  battery  constant,  or  else  to  make  frequent  determinations  of 
resistance  and  allow  for  the  change. 

2.  Elect I'omotive  Force. — This  is  the  name  mven  to  that  force  wliich 
tends  to  displace  electricity  from  one  point  of  a conductor  to  another. 

Electromotive,  must  be  distingui.shed  from  ordinary  mechanical, 
force  : the  latter  tends  to  set  a certain  mass  in  motion  ; the  former  to 
cause  the  transfer  of  electricitij  constituting  tlie  })]ienonienon  of  the  electric 
current. 

Tlie  nature  of  this  force||  and  its  causes  are  entirely  unknowm,  whilst 
even  its  seat  is  yet  a debatable  subject  among  jdiysicists. 

* ]}.  A.  Report,  lS(i4.  t Bakeriaii  Louture,  J87  1.  + 1‘liil.  Triiiis.  1877. 

§ Rrof.  O.  Clirystal,  in  Encycl.  Rrit.,  art.  Electricity,  j).  .W. 

II  According  to  Newton’s  definition  of  force,  tlie  term  electromotive  force  is  a misnomer. 


The  Volt:  Standard  Cells. 
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Unit  Fleet roniotive  Force  exists  between  two  points  when  it  requires  the 
expenditure  of  unit  work  to  bring  a unit  of  positive  electricity  from  one  of 
the  points  to  the  other. 

This  unit  is  exceedingly  small;  and  accordingly  a “practical”  unit  called 
the  volt  has  been  adopted,  which  is  intended  to  represent  10®  such  absolute 
units.  The  E.M.F.  of  a DanielFs  cell  is  a little  more  than  a volt. 

Tliere  is  yet  no  absolutely  constant  standard  of  E.M.F. ; a Daniell, 
a Clark,  or  a De  la  Rue  cell  is  generally  used  when  a definite  E.M.F.  is 
required. 

Latimer  Clark’s  standard  cell  consists  of  pure  mercury,  the  surface 
of  which  is  covered  over  v/ith  a mercurous  paste ; on  tliis  rests  a plate  of 
pure  zinc.  The  positive  pole  is  the  platinum  wire  which  is  in  contact  with 
the  mercury.  The  E.M.F.  of  this  cell  is  given  as  1.457  volts. 

Dr.  De  la  Rue’s  cell  is  shown  in  Fig.  2,  where  A 
is  a rod  of  chemically  pure  zinc,  B a cylinder  of  silver 
chloride  into  which  is  let  a silver  electrode  C ; B is 
usually  enclosed  in  a small  bag  of  parchment  paper. 

The  active  liquid  is  a solution  of  pure  sal-ammoniac  in 
water.  The  E.M.F.  is  said  to  be  1.0G8  volts. 

At  the  Southampton  Meeting  of  the  British 
Association,  1882,  Sir  William  Thomson  proposed  a 
modified  form  of  DanielFs  cell  to  serve  as  a standard  of  E.M.F. 

The  zinc  plate.  Fig.  3,  rests  on 
the  bottom  of  the  vessel,  and  is  im- 
mersed in  a saturated  solution  of  zinc 
sulphate.  On  the  surface  of  this  liquid 
is  poured  a quantity  of  copper  sul- 
})hate,  only  half  saturated,  so  that  it 
may  not  rapidly  flow  down  and  inter- 
mix with  the  zinc  sulphate.  The 
copper  plate  is  suspended  horizontally 
in  the  upper  stratum. 

The  vessel  is  furnished  with  a bent  glass  tube,  drawn  out  at  one 
extremity  to  a fine  bore,  and  connected  at  the  other  with  a piece  of 
india-rubber  tubiim  attached  to  a funnel. 

O 

By  raising  the  funnel,  the  copper  sulphate  solution  which  it  contains 
flows  gently  into  the  vessel  and  forms  a clear  horizontal  surface  of  sej)ara- 
tion ; by  lowering  it,  the  liquid  is  withdrawn. 


Fig.  2. 


Fig.  3. 
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Electro! not U'c  Force  of  Batteries  : Current. 


This  must  bo  done  as  soon  as  a ineasurement  is  hnislied,  and  the  cell  no 
longer  required. 

The  E.M.F.  of  this  cell  has  been  carefully  determined,  and  found  to  be, 
at  ordinary  temperatures,  1.07  volts. 

The  E.M.F.  of  a battery,  unlike  its  resistance,  is  but  very  little  afiected 
by  heat.  Latimer  Clark  found  that  the  E.M.F.  of  his  cell  decreased  slightly 
with  rise  of  temperature.  Mr.  Preece  has  recently*  shown  that  the  E.M.F. 
of  the  batteries  in  common  use — the  Daniell,  Bichromate,  Leclanche — is 
practically  unaftected  by  the  ordinary  variations  of  temperature. 

The  experiments  of  Beetz  and  others  show,  however,  that  the  counter 
E.M.F.  set  up  in  secondary  batteries  during  the  process  of  charging,  and 
consequently  also  the  charge  itself,  is  sensibly  diminished  by  heat ; it 
becomes,  then,  very  important  to  keep  such  cells  cool  while  charging. 

The  E.M.F.  of  a cell  depends  upon  the  nature  of  the  materials  used, 
but  not  upon  the  size  of  the  plates.  Thus,  the  E.M.F.  of  a Bunsen  pint 
cell  is  the  same  as  that  of  a quart  cell.  But  when  two  similar  cells  are 
connected  up  in  series,  the  resulting  E.M.F.  is  twice  that  of  either  of  them. 

Let  E be  the  E.M.F.  of  one  cell,  then  that  of  n cells  arranged  in 
parallel  cii'cuit  is  simj^ly  E ; if  arranged  in  series,  it  is  n E. 

The  E.M.F.  of  a battery  also  depends  upon  the  resistance  through 
which  it  is  worked,  being  greatest  when  this  is  infinite,  that  is,  when  the  poles 
are  free.  The  E.M.F.  of  a battery  is  defined  as  the  difterence  of  j^otentials 
of  its  poles  when  these  are  free  or  insulated.  When  worked  through  a low 
resistance,  polarisation  sets  up  an  ap}>reciable  inverse  E.M.F.,  which  dimi- 
nishes that  of  the  battery.  Hence  standard  cells  should  never  be  used  over 
a low  resistance.  They  are  especially  useful  for  deteimining  the  value  of 
electrometer  readings,  charging  condensers,  and  for  standards  of  comparison 
as  in  the  “ conq^ensation  methods.” 

E 

3.  Current. — The  strength  of  the  current  is  given  by  Ohm’s  law  C = 

E being  measured  in  volts  and  R in  ohms,  C is  given  in  amperes. 

Let  there  be  n similar  cells,  each  of  E.M.F.  E and  resistance  R,  con- 
nected up  in  parallel  circuit  and  maintaining  a current  through  an  external 

resistance  r.  The  E.M.F.  of  the  battery  is  E,  and  its  internal  resistance 


then  C = 


E 


R 


n 


If  the  poles  of  the  battery  be  connected  by  a short  thick 


Proc.  Koy.  Soc.,  Feb.  1SS3. 


JkUterij  Curmits. 


1 I. 


tliu  current 


wire,  its  resistance  r may  be  neglected,  and  C = 

n 

troin  the  battery  is  n times  that  given  by  a single  cell. 

Let  the  n cells  be  arranged  in  series,  then  the  E.M.F.  of  the  battery  is 
n E,  and  its  internal  resistance  n li. 

?i  E E 


C = 


It  R + r 


R + - 

74 


E 


If  r be  small,  — may  be  neglected,  then  C = -p , i.e.,  the  current  from 

-Cl/ 

the  battery  is  no  greater  than  that  furnished  by  a single  cell  whose  poles  are 
connected  up  by  a short  thick  wire.  But  if  B be  small  in  comparison  with  r, 

, i.e.,  the  current  from  the  battery  is  approximately  pro- 


then  C = 


E nE 


n 

portional  to  the  number  of  cells. 

It  is  often  required  to  find  the  best  arrangement  of  a battery  of  n 
similar  cells  for  a known  external  resistance  r. 

Let  there  be  (j  rows,  each  containing  cells.  The  E.M.F.  of  the  j)  cells 
is  j)  E,  and  their  resistance  i)  R,  the  current  from  one  row  is  then 

_ E 
^7  R + r 

The  q rows  have  the  same  E.M.F.  as  any  one  of  them,  and 

2)  R 

a resistance  = • 

■ C = ^ 

w R , R r 

i + r 1 

q q p 

But 

n 

p q — it  .'.  q = - — 

P 

E 

.’.by  substitution,  C = — 

•’  ’ w R r 

+ 

P 


Now  C is  greatest  when  the  denominator  of  above  fraction  is  least. 


p R r 

1 

74 


ii'X'  R ^ . 

-J — = 0 (tor  a lumimum 

a jj  74  ' 

Whence  _;7-R_ji;R 

'ib  q 


Let 
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In ternal  Resistance. 


t.e.,  tlie  best  arrangement  is  that  which  will  make  the  resistance  of  the 


battery  — - ecinal  to  the 


e(|iiai  to  tne  given  external  resistance  r. 

Ex.  Let  it  be  required  to  find  the  most  advantageous  combination  of  12 
cells  of  G ohms  resistance  each,  the  external  resistance  beinof  8 ohms. 

Here 

n = \'2  = <1  r = 8 and  R = G 

But 

r = . 8 = — L . • . ^ 1 G and  = 4 

n VI 

And  since 

2^  q = 12  g = 3 

. • . the  best  arrangement  is  3 rows  of  4 cells  each. 

The  internal  resistance  of  the  battery  is  greatest  when  the  cells  are  in 
series.  It  is  then  n R.  If  the  external  resistance  r equal  n R,  or  be 
greater  than  n R,  then  the  arrangement  in  series  is  the  best.  If  r be  less 
than  11  R,  p and  q must  be  chosen  so  as  to  make  the  internal  resistance 
as  nearly  equal  to  the  external  as  possible. 

E 

From  C = we  see  that  the  current  through  a conductor  is  inversely 

as  its  resistance.  This  principle  has  many  important  applications. 

Thus,  let  it  be  required  to  find  how  a current  C divides  in  meeting  two 
conductors  joined  up  in  multiple  arc.  Fig.  4- 

Let  Cl  be  the  current  thi'ough  the  conductor,  whose 
resistance  is  1\,  with  similar  notation  for  the  other 
branches. 

Then 

C = c'l  + Co  . • . Cj  = 0 - Cj 

Also 

fj  r,  = Co  = diiidrence  of  potentials  between  A and  R 

Whence 


Fig.  4. 


c,  r.  = r.,  (C-Ci) 


Similarly, 


Co  = — 0 

+ n 


Let  the  current  be  7 amperes  and  the  resistances  be  30  and  40  ohms 
res})ectively. 

Then 

7 X 40  280 


40  + 30  70 


= 4 amperes 


Galvanometer  SJmnts. 
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And 


7 x 30  210 

Co  = = 3 amperes 


40  + 30  70 

If  three  wires  were  joined  up  in  multiple  arc,  we  should  have,  as  above, 

C = Cl  + Co  + C.J 

And 
Whence 

c,  r,  , c,  r, 

c.,  = ^ and  Co  = - r 

^2  ^3 

^ Cl  r^  c,  r, 

0 = c,  + 1 1 + -1  ' 

'^■2  ^3 

• M n 


From  the  symmetry  of  this  expression,  we  may  at  once  write  the  values 
of  Cg  and  C3. 

When  a delicate  galvanometer  is  used,  even  a weak  current  may 
send  the  spot  of  light  off  the  scale.  To  get  a readable  deflection,  it  is 
necessary  to  reduce  the  sensitiveness  of  the  instru- 
ment. This  is  done  by  introducing  a shunt,  i.e.,  a coil 
of  wire  connected  up  in  multiple  arc  with  the  galvano- 
meter, as  shown  in  Fig.  5- 

Let  Cl  and  be  the  parts  of  C which  pass  through 
the  galvanometer,  resistance  G,  and  the  shunt,  resis- 
tance S,  respectively  : 


Then 

And 

Whence 

And 


C = Cj  + Cg 

1 1 

o s 

s 


c,  = 


“ G + S 
G 

c,  = 


C, 


O 4"  S 


C = o, 


From  these  expressions,  we  may  deduce  the  current  C if  we  know  Cj,  for 
G-fS 


S 


Q I g 

The  fraction  — — by  which  we  multiply  iu  order  to  get  C is  called 


the  multiplying  2)0iver  of  the  shunt, 


14 


Galvanometer  Shuntfi. 


The  shunts  in  common  use  are  the  ^th,  o\,th,  and  7y^,-,th.  The  Ijtl^  shunt 
has  a resistance  equal  to  ^-th  that  of  the  galvanometer,  so  that  nine  parts 
of  the  current  flow  tlirough  the  shunt,  and  only  one  through  the  galvano- 
meter. If  the  deflection  with  a Jyth  shunt  be  d divisions  of  the  scale,  then  the 
deflection  without  the  shunt  would  he  10  d.  The  introduction  of  the  shunt, 
however,  reduces  the  resistance  of  the  circuit,  and  thereby  increases  the 
current.  The  resistance  of  the  circuit  may,  and  in  some  cases  must,  be 
maintained  constant  by  the  addition  of  a suitable  resistance,  called  the 
compensating  resistance. 

Suppose  we  have  in  circuit  a galvanometer  of  3000  ohms,  a battery 
whose  resistance  is  negligible,  and  a box  with  7000  ohms  unplugged.  The 
total  resistance  is  thus  10,000  ohms.  Now  let  a Tjhyth  shunt  he  introduced. 

1 1 G -|-  S 

The  joint  conductivity  of  galvanometer  and  shunt  isn  ,--f  ^ ^ 


. • . their  joint  resistance 


a s 

G + S 


^99 


G 


G + 


99 


G 

100 


3000 

100 


30  olnns. 


The  compensating  resistance  will  thus  be  3000  — 30  = 2970  ohms;  and, 
to  maintain  the  same  current  with  as  without  the  shunt,  we  must  unplug 
9970  ohms  in  the  box. 

When  using  a delicate  galvanometer,  it  is  advisable,  unless  working 
with  very  weak  currents,  to  begin  with  the  .y-^-Tyth  shunt,  and  use  sticcessively 
the  Tjkyth  and  the  -|th  shunt.  If  required,  the  sensitiveness  of  the  galvano- 
meter may  he  still  further  increased  by  throwing  out  the  shunt  altogether. 

It  is  of  primary  importance  that  the  shunts  be  accurately  adjusted. 
Even  when  this  condition  is  fulfilled,  some  electricians  object  to  their  use, 
on  the  ground  that  variations  of  temperature  may  affect  them  and  the 
galvanometer  unequally,  and  thus  alter  their  multi])lying  power.  When 
currents  are  to  he  measured,  shunts  can  hardly  be  relied  u])on. 

It  is  often  required  to  prepare  a shunt  of  a certain  multiplying  power. 
Thus  : 

Let  the  resistance  of  a galvanometer  he  3000  ohms,  it  is  required  to 
find  the  resistance  of  the  shunt  which  will  reduce  its  sensitiveness  a 
hundredfold. 

As  the  sensitiveness  is  to  ho  reduced  100  times,  only  the  , ,V,yth  pai't 
of  the  current  must  })ass  through  the  galvanometer,  the  remaiuiug  ,'1,'Jyths 
passing  through  the  shunt.  Since  the  cuiTents  are  inversely  as  the  i-osis- 


Capacity. 
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tances,  tlie  resistance  of  tlic  sliiiiit  must  be  ,,\,tli  of  that  of  the  galvano- 
meter. 


i.e„  S = 


This  conld  also  be  got  from 


3000  _ 
“99 

G + S 

S ' 


30  oliiiis. 


Since  we  know  that  the  multiplying 


power  is  100, 


-"-tA  = 100 


s = 


G_ 

99 


In  general,  let  the  shunt  required  be  the  th.  Then  the  multiplying 


power  IS  n, 


G + S 


Whence  S,  the  resistance  of  the  shunt,  = 


G 


4.  Capacity. — The  capacity  of  a condenser,  in  electrostatic  measure,  is 
defined  as  the  quantity  of  electricity  necessary  to  raise  the  potential  of  one 
coating  from  zero  to  unity,  the  other  being  put  to  earth.  If  a charge  Q be 

Q 


required  to  raise  the  potential  from  Vj  to  V2,  then  C : 


V,-V/ 


Kohlrausch  experimentally  established  the  very  important  fact  that 
the  ratio  of  the  instantaneous  discharge  Q of  a condenser  to  its  potential  V 
is  constant ; and  it  is  this  ratio  a constant  measurable  quantity,  that  is 

termed  the  capacity  of  the  condenser. 

From  a series  of  experiments,  Boltzmann  concludes  that  condensers  of 
ebonite,  paraffin,  and  sulphur  take  their  full  charge  instantaneously,  whilst 
those  in  which  glass  and  gutta-percha  are  used  require  time  for  their 
maximum  charge. 

In  the  condensers  commonly  used,  paraffined  paper  is  the  dielectric ; 
the  capacities  of  such  condensers  may  be  compared  by  charging  and 
discharging  them  through  a suitable  (ballistic)  galvanometer  as  rapidly  as 
convenient. 

The  same  holds  for  condensers  in  which  plates  of  mica  are  used  to 
insulate  the  conducting  sheets  of  tinfoil. 

The  capacity  in  electrostatic  measure  may  in  certain  cases  be  calculated 
from  the  dimensions  of  the  condenser  or  conductor. 

a.  To  find  the  capacity  of  an  air-condenser  consisting  of  two  equal 
parallel  plates  at  potentials  and  Vj,  the  distance  between  them  being  t. 


u; 


Caj)acity. 


In  the  mathematical  theory  of  electricity,  it  is  shown  that  the  force 

just  outside  an  electrified  conductor  is  4 tt  />,  where  p is  the  surface  density 

on  the  conductor.  This  is  also  the  rate  of  change  of  potential  along  t. 

V - V V,  - V„ 

. • . — 1 ? = 4 TT  n and  p = — ^ 

t ' ^ in t 

If  S denote  the  area  of  either  plate,  the  charge  Q is  given  by 


But 


pS  = Q 


Q = 


V - V 
— i— -2-S 

i n t 


Capacity  = . 0 = ^ — 

^ V i nt 


For  condenser  with  a dielectric  whose  specific  inductivm  capacity  is  k, 


C = 


k 

i n t 


s 


The  fraction  is  called  the  reduced  thickness,  i.e.,  the  thickness  of  the 
Ic 

dielectric  reduced  to  its  equivalent  of  air. 

h.  A sphere.  The  capacity  of  a sphere  is  numerically  equal  to  its 
radius  R.  For  the  potential  is  constant  throughout  the  sphere,  and,  therefore, 


the  same  as  at  the  centre. 


The  potential  being  2 


its  value  at  the  centre 


.'.  Capacity  C = 


Q 

Q 

R 


= R. 


In  the  case  of  an  electrified  shell,  the  potential  is  also  single-valued 
throughout  the  mass  of  the  shell  and  the  enclosed  space.  It  is,  therefore, 

the  same  as  at  the  centre,  viz.,  ^ where  R is  the  radius  of  the  outer  surface. 

R 

Therefore,  also. 


C = —§_  = R. 

Q 

R 

c.  Two  concentric  spheres.  Let  r^.  Fig.  6,  be  the 
radius  and  Q the  charge  of  the  inner  sphere.  An  equal 
charge  of  opposite  sign,  — Q,  will  be  induced  on  the  in- 
side, and  a charge  -f-  Q on  the  outside  of  the  spherical 
shell,  whose  internal  radius  is  and  external  rg.  The 
potential  at  the  centre  will  then  be 


Conclenffers. 
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’’i  ’’a  ’•s  V’*!  ^2  ^3  '' 

If  we  put  the  outside  to  earth,  then  the  charge  + Q is  removed,  and 

V=q(- 

. c = - 


Q 


Q 


('I  -1\~  1 - ^ “r, 

V^i  r.3 


r-, 


And  for  any  other  dielectric  than  air 


0 = /t 


Kohlrausch  used  an  isolated  sphere  as  a standaid  of  comparison  in  his 
determination  of  the  ratio  of  the  electrostatic  to  the  electromagnetic  units. 
Gibson  and  Barclay  used  a condenser  consisting  of  two  concentric  spheres 
in  their  researches  on  the  specific  inductive  capacity  of  paraffin. 

d.  An  important  case  is  that  of  a condenser  consisting 
of  two  circular  concentric  cylinders,  one  of  which  is  put  to 
earth.  The  quantity  of  electricity  on  an  element  of  a narrow 
longitudinal  strip.  Fig.  7,  is  p dy  ds,  and  the  force  F exerted  on 
unit  electricity  at  A,  situated  on  the  axis  of  the  cylinder,  is 


p ds  dy 


And 


Fig.  7. 


The  component  along  AO  is 


P djj  ds 


cos  a.  Now  r cos  a=  radius  of  cylinder  = R 


R 
. F 


y . dy  ^ 

= tan  a . • . .•  = R sec-  a 


d a 

_ p ds.  sec^  a da 
R“  sec-  a 

P ds  , 

= — — jT-  cos  a da 
R 


cos  a 


For  whole  strip  of  indefinite  length  the  limits  of  integration  will  be 


+ ^ and  — Hence 

^ A 


F = - 


0 ds 

II  J 


r 7t 


‘Ipds 

a . da  = — ^ 

Ja- 


This  will  also  be  the  expression  for  the  force  F when  the  length  L of 
the  cylinder  is  so  great  with  respect  to  its  radius  that  we  may  neglect  the 
action  of  distant  parts. 
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But  tliis  force,  with  its  sign  clianged,  is  the  differential  of  the  potential 

clY  _ 2pds 


R 


. • . V = - 2 pds 


‘d^ 

R 


As  there  is  an  equal  negative  charge  on  the  outer  cylinder,  radius  R2,  then 
Rj  denoting  the  radius  of  the  inner,  the  integral  gives 


Whence 


And  for  the  whole  charge  Q 


2 pds  ^ 

yg.,-i-iog._ 

B”) 

= 2 

P log.e 

strip 

is  Ju  . ds  . p 

• 

V = 

2 q ^ R> 

- ^ ioff.  — 

L ^ Rj 

:e  Q 

V = 

A^log. 

L ° f Ri 

Q 

Q 

L 

V 

-Q  lo<.  - 

L * 'Rj 

21og.f  i 

R-2 

R, 

which  is  the  usual  expression  for  the  capacity  of  a cylindrical  air  condenser 
whose  length  is  great  compared  with  its  radius. 

For  any  other  dielectric 


0 = 


k L 


2 log.  ,^2 


R, 


This  formula  is  used  in  telegraphy  for  calculating  the  capacity  and 
charge  of  submarine  cables. 

The  formula  may  be  further  simplified.  Let  t = thickness  of  dielectric. 
Then 

= R-j  “h  t/ 


And 


losr.,  5'^  = log.,— log.,f^  1 


R, 


R,  - (‘  lO  - s,  “ li, 

Q L Ij  Rj 


Multiplying  by  1+ 1 we  get 


0 = 


_ LRi 


2 t 


But  surface  S = 2 tt  Rj  L 


Condensers. 
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0 =■ 


4 7T  < 


/ t \ S 

\ + 9 J when  t is  small  compared  with  Rj. 


A Leyden  jar  fulfils  approximately  the  above  conditions.  Hence  its 
capacity  may  be  calculated  from  C , where  h is  the  specific  induc- 

tive capacity  of  the  glass  used. 

When  several  condensers  are  simultaneously  charged,  their  similar 
coatings  are  usually  connected  together.  Their  joint  capacity  is  then  plainly 
the  sum  of  their  separate  capacities,  i.e.,  C = -t- Cg  H- C3. 

Sometimes  the  cascade  or  series  arrangement  is  adopted.  Let  there  be 
three  jars  connected  up  in  cascade,  Fig.  8.  Then,  the  last  being  to  earth  E, 

.■■■5  -Vi-v, 


V 'i  • 9 = V - V 
^ 3/  • • ~ 2 '^3 

Co 


Q 


Fig.  8. 


.•.  By  adding  Q i =V, 

V Cl  C.2 


Now  Capacity  (0)  = Charge  (Q) 

^ ^ ^ ' Potential  (V) 


C = 


Q 


Q 


/I  1 1 \ 1 1 1 

( — • H 1 I 1 1 

V Cl  C2  C3  / Cj  C2  C3 


Whence 


This  gives  C. 

From  the  formula  C = we  may  deduce  the  value  in  electromagnetic 

measure  of  the  practical  unit  of  capacity.  Thus 

Unit  of  Quantity  Coulomb  10  ' ,„-9  n a 

Unit  Capacity  = tt  -x  ^ . x- 'i  = — V-IT — = -f?^  = C.G.S.  units. 

^ Unit  of  Potential  Volt  10* 

To  this  unit  the  name  Farad  has  been  given,  in  honour  of  the  great  elec- 
trician Michael  Faraday. 

The  farad  is  much  too  large  for  ordinary  purposes.  Its  millionth  part. 


10’ 




the  Microfarad  (m.f.)  is  the  practical  unit.  It  equals  ^ qqo~  C.G.S. 
units  of  capacity. 

Condensers  of  ^ m.f.  capacity  are  frequently  used ; 

Fig.  9 shows  such  a condenser.  The  brass  terminals 
are  connected  respectively  with  the  two  coatings  of  the 
condenser.  When  the  plug  is  inserted  the  condenser 
is  discharged. 

Subdivided  condensers  are  now  made  by  Elliott 


20  Thomsons  Quadrant  Electrometer. 

Brothers,  the  parts  being  arranged  like  the  coils  of  a resistance  box,  so  that 


Fig.  10.  Sir  William  Thomson’s  Quadrant  Electrometer. 


by  inserting  plugs  capacities  may  be  had  varying  Irom  a thousandth  to  a 
whole  microfarad. 


Thomsons  Quadrant  Electrometer 
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2.  Principal  Instruments. — The  quadrant  electrometer,  Pigs.  10  and  H,* 


of  Sir  William  Thomson,  is  a most  useful  and  delicate  instrument  for  mea- 
suring and  comparing  differences  of  potential.  Its  essential  parts  are  : 

* Reproduced  by  permission  from  Gordon’s  “Electricity  and  Magnetism.” 
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Thomsons  Quadrant  Electrometer. 


(1)  A Leyden  jar. 

(2)  Two  pairs  of  quadrants. 

(3)  A light  movable  needle. 

(4)  An  idiostatic  gauge. 

(5)  A replenisher. 

The  Leyden  jar  is  of  peculiar  construction^  the  outer  coating  consisting 
of  a numher  of  broad  strips  of  tinfoil  with  intervening  spaces.  The  inner 
coating  is  strong  sulphuric  acid,  which,  by  its  hygrometric  property,  keeps 
the  air  within  the  jar  dry  and  thereby  the  interior  well  insulated. 

The  four  brass  quadrants  are  arranged  around  a common  centre,  in- 
closing a cylindrical  box-like  space,  within  which  the  needle  is  suspended. 
By  this  means  the  needle  is  kept  in  a truly  constant  electrical  field,  and  is 
protected  against  external  influence.  The  angular  deviation  of  the  needle 
will  then  be  constantly  proportional  to  the  twisting  couple  due  to  the  electric 
forces,  as  it  is  also  directly  proportional  to  the  couple  arising  from  the 
bifilar  suspension  of  the  needle.  It  is  necessary  that  the  quadrants  be 
placed  symmetrically  with  respect  to  the  needle.  The  distance  between 
them  may  be  varied,  and  accurately  adjusted  by  means  of  radial  slots 
and  a micrometer  screw  fixed  on  the  cover  of  the  instrument.  Fig.  10. 

The  quadrants  diametrically  opposite  each  other 
are  connected  by  a fine  wire ; thus  A and  C,  Fig.  12, 
are  in  electrical  communication  by  the  wire  W,  B 
and  D by  Wb  The  quadrants  are  connected  respec- 
tively to  the  two  electrodes.  Fig.  10. 

The  flat  dumb-bell  shaped  needle  of  aluminium 
foil  is  supported  by  a bifilar  suspension  of  unspun  silk. 

Connected  rigidly  with  it  is  a small  slightly  concave  F'g-  I2. 

mirror  of  silvered  glass,  the  angular  displacement  of  the  movable  system 
being  indicated  by  the  movement  of  a spot  of  light  over  a divided  scale. 
The  needle  is  kept  at  a constant  high  potential  by  means  of  a platinum 
wire  with  which  it  is  connected,  and  which  dips  into  the  sulphuric  acid  form- 
ing the  inner  coating  of  the  Leyden  jar. 

All  the  movable  parts  are  guarded  against  external  influences ; 
the  mirror  by  a sort  of  hood,  and  the  platinum  wire  by  a metal  “ guard 
tube.” 

When  the  electrodes  are  connected  with  conductors  at  tlie  same 
potential,  the  bifilar  suspension  is  so  adjusted  that  the  median  line  of  the 
needle  lies  evenly  between  the  adjacent  pairs  of  quadrants. 


Thomsons  Quadrant  Elccti'omider. 
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B 


Fig.  13. 


When  there  is  a difference  of  potential  the  needle  will  be  deflected 
through  an  angle  proportional  to  this  difference. 

The  mathematical  expression  for  the  force  on  the  needle  may  be  found 
as  follows  : 

Let  B,  Fig.  13,  be  a plate  of  area  S sym- 
metrically situated  with  respect  to  the  fixed 
conductors  A and  C,  and  movable  about  a 
vertical  axis;  then  p being  the  electrical  density  c- 
on  B,  the  force  exerted  by  A on  an  element  of 
charge  of  B is  2 tt  p,  and  the  force  Fj,  on  the  whole  charge  p S,  is 

2 TT  p . p S = 27T/’^S. 

But  the  force  anywhere  in  the  space  between  A and  B is  4 tt  p,  and 
as  electrical  force  is  the  rate  of  change  of  potential  we  have 

^ 1 6 TT"  8 7T 

Similarly  the  force  Fg  exerted  by  C on  the  movable  plate  B is 

s(W-v,f 

8 TT  (- 

. •.  the  resultant  force  F = Fj  - F2  = g | “ ^2)“ " (^1  “ ^3)"  | 

Observing  that  the  expression  within  brackets  is  the  diflerence  of  two 
squares,  we  have,  after  reducing, 

Which  may  be  written 

This  expression  is  independent  of  the  form  of  the  symmetrical  con- 
ductors A and  C,  and  is  therefore  applicable  to  the  quadrant  electrometer. 

If  the  potential  Vi  of  the  needle  be  very  high  with  respect  to  that  of  the 
quadrants  Vg  and  Vg,  as  is  usually  the  case,  we  have 

^ = (Vg-Vg) 

which  shows  that  the  deflecting  couple  varies  directly  as  the  potential  of  the 
needle.  This  suggests  a means  of  increasing  the  sensitiveness  of  the  instru- 
ment, viz.,  by  raising  the  potential  of  the  needle.  If  this  be  kept  constant 
we  may  write 

F = ^ (Vg-V._,) 
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Thomsons  Quadrant  Electrometer. 


But  the  deflecting  force  F is  proportional  to  the  angular  deviation  e. 
Hence  we  ultimately  have 

= d (V3-V,) 

The  constant  ft  is  the  factor  hy  which  the  readings  must  be  multiplied 
in  order  to  convert  them  into  absolute  measure.  It  may  be  determined, 
once  for  all,  by  comparison  with  an  absolute  electrometer. 

Another  method  for  reducing  the  electrometer  readings  to  absolute  or 
to  practical  units,  is  to  compare  the  deflection  with  that  given  by  a standard 
cell.  Thus,  it  being  required  to  find  the  E.M.F.  of  a certain  electro-chemical 
apparatus  which  gave  a deflection  of  114  scale  divisions,  a Latimer  Clark’s 
cell  was  connected  with  the  electrodes  of  the  electrometer,  and  gave  a 
deflection  of  93  divisions.  Assuming  the  E.M.F.  of  the  cell  to  be  1.457 
volts,  we  have  the  simple  proportion  93  : 114  = 1.457  : x. 

Whence 

X = 1.785  volts  = the  E.M.F.  of  the  ap2)aratus. 

Projecting  from  the  main  cover  of  the  instrument,  to  the  right  of  the 
lantern,  Fig.  11,  is  an  electrode,  which  is  in  connection  with  a small  movable 
plate  called  the  induction  plate.  By  means  of  this  appendage  we  may  reduce 
the  sensitiveness  of  the  electrometer.  This  is  especially  useful  when  working 
with  high  potentials  : for  instance,  suppose  we  are  measuring  the  insulation 
resistance  of  a condenser,  and  that  when  we  put  the  terminals  of  the  charged 
condenser  in  connection  with  the  electrodes,  we  get  a deflection  which  sends 
the  spot  of  light  off  the  scale.  To  obtain  a readable  deflection,  we  must 
reduce  the  sensitiveness  of  the  instrument ; and  we  may  do  this  by  connect- 
ing one  terminal  of  the  condenser  with  an  electrode  of  the  electrometer,  and 
the  other  terminal  with  the  induction  plate.  In  this  case,  the  charge  of  the 
underlying  quadrant  will  be  entirely  induced  and  necessarily  less  than  before 
and  the  deflection  will  be  reduced  pro})ortionally.  Thei’e  are  other  ways 
of  using  the  induction  ])late  for  the  same  purpose. 

An  important  accessory  to  the  quadrant  electrometer  is  the  idiostatic 
gauge,  Fig.  H,  the  object  of  which  is  to  keep  the  jar  at  a constant  potential, 
an  indispensable  condition  for  a series  of  measurements  to  be  comparable 
inter  se. 

The  gauge  is  sinqfly  an  attracted-disc  or  “trap-door”  electrometer.  It 
consists  of  two  circular  metal  plates,  the  lower  of  which,  the  “ susj)onsion 
plate,”  is  electrically  connected  with  the  needle  and  inside  coating  of  the 
Leyden  jar.  Parallel  to  this  is  the  “ guard  jflate,”  containing  a central 
rectangular  aperture  ; the  square  end  of  a spade-like  appendage  of  sheet 
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aluminium,  Fig’.  14,  tits  into  this  aperture,  and 
is  freely  movable  about  a horizontal  axis  ; the 
other  end  of  this  lever  terminates  in  two 
prongs,  across  which  is  stretched  a fine  hair. 

The  horizontal  axis  consists  of  a tightly 
stretched  platinum  wire  A B,  which,  by  its 
torsion,  keeps  the  “ trap”  (in  the  uncharged 
condition  of  the  electrometer)  above  the  sur- 
face of  the  guard  plate  and,  consequently,  the 
sighting  hair  below  the  dots.  These  ai’e  made 
on  a piece  of  white  enamel,  and  are  viewed 
through  a plano-convex  lens.  By  keeping  the 
line  of  sight  normal  to  the  centre  of  the  lens, 

errors  due  to  parallax  are  avoided.  When  the  instrument  is  charged, 
the  “ trap  ” is  acted  upon  inductively  by  the  underlying  plate,  and  is 
attracted  downwards.  The  force  of  attraction  (F)  is  given  by  F = 

^ which,  since  the  guard  plate  is  put  to  earth,  becomes 

where  S is  the  area  of  the  “ trap”  and  Vj  the  potential  of  the  suspension 
plate.  It  is,  however,  unnecessary  to  estimate  this  force. 


Fig.  15. 


Fig.  16. 


Owing  to  this  depression  of  one  end  of  the  lever,  the  index  rises  ; 


2G 
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tlie  potential  of  tlie  jar  is  gradually  increased  by  means  of  the  replenisher 
until  the  hair  lies  exactly  between  the  two  dots.  The  aluminium  square  is 
then  accurately  in  the  plane  of  the  guard  plate,  and  the  normal  and  easily 
reproduced  charge  is  attained. 

The  Replenisliei'  is  virtually  a small . electrical  induction  machine.  It 
consists  of  a vulcanite  stem,  Fig.  15,  which  can  be  spun  round  a vertical  axis 
by  twirling  a small  milled  head.  Attached  to  this  stem  is  a vulcanite 
cross  - piece,  furnished  at  its  extremities  with  two  brass  plates  called 
“ carriers.” 

The  inductor  A,  Fig.  16,  is  fixed  to  an  insulating  support  H,  and 
is  connected  with  the  acid  of  the  jar,  while  A^  is  in  electrical  connection 
with  the  cover  of  the  electrometer,  and  is  therefore  to  earth.  By  means  of 
the  charging  electrode,  a slight  initial  positive  charge  is  given  to  the  acid. 

At  one  part  of  their  revolution  the 
carriers  just  graze  two  springs  C and  Gb 
Fig.  17,  which  are  attached  to,  and  are  in 
metallic  connection  with,  the  inductors  - 
at  another  part  of  their  revolution  they 
touch  two  other  springs,  D and  Db  which 
are  connected  together,  but  otherwise  in- 
sulated. The  forwai  d edges  of  the  carriers 
touch  the  springs  D and  while  yet  they 
are  under  cover  of  the  inductors,  and, 
therefore,  well  within  their  influence.  The 
positive  electricity  of  A induces  a nega- 
tive charge  on  B,  and  repels  positive  electricity  to  B^  through  the  connecting 
springs  D and  D^.  The  next  instant  they  are  insulated  from  each  other, 
B retaining  its  negative  and  B^  its  positive  charge. 

Continuing  their  revolution,  B^  meets  the  spring  C giving  up  its 
positive  charge  to  the  inductor,  wliilst  B delivers  its  negative  charge  to  A^ 
through  the  spring  Cb  Passing  on  to  D,  the  carrier  B^  comes  under  the 
inductive  influence  of  A,  which  is  now  at  a higher  potential  than  before, 
and  the  same  cycle  of  mutual  actions  is  re})cated. 

In  this  way  the  carrier,  emerging  from  the  inductor  connected  with 
the  inner  coating  of  the  Leyden  jai‘,  cai'ries  a negative  charge  round  to  the 
receiving  spring  connected  witii  tlie  outside  coating;  while  tlie  other  carrier, 
emerging  from  the  inductor  connected  with  the  outside  coating,  carries  a 
positive  charge  round  to  the  receiving  spring  in  connection  with  the  inside 
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coating.  As  the  charge  induced  in  the  carriers  at  every  half-revolution  is 
a constant  fraction  of  the  charge  then  on  the  inductors  (which  is  itself 
increased  at  every  half-turn  by  that  same  amount),  it  follows  that  a very 
small  original  electrification  may  be  developed,  by  this  sort  of  compound- 
interest  reaction,  into  a very  strong  charge. 

The  initial  charge  may  be  given  by  a small  electrophorus  or  a Leyden 
jar ; and  if  the  glass  of  the  electrometer  be  carefully  chosen,  tins  initial 
charge  may  be  retained  for  an  indefinite  period,  the  slightest  difference 
of  potential  between  the  two  inductors  sufficing  for  gradually  building  up  a 
high  electrostatic  charge. 

It  may  be  further  observed  that  the  replenisher  is  perfectly  reversible, 
i.e.,  if  the  motion  of  the  sj^indle  be  reversed,  the  potential  of  the  jar  will  be 
lowered  at  each  half-revolution,  at  exactly  the  same  rate  at  which  it  was 
increased  by  the  opposite  motion. 

The  increments  or  decrements  being  very  small,  it  is  easy  to  regulate 


Fig.  18. 
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the  charge  of  tlie  needle  so  that  the  idiostatic  gauge  shall  indicate  precisely 
the  normal  potential  of  the  electrometer. 

The  replenisher  is  sometimes  made  as  a separate  instrument,  Fig.  18. 

In  dani])  weather,  or  when  a high  state  of  insulation  is  required,  some 
sti’ong  sulphuric  acid  should  be  placed  at  the  bottom  of  the  jar. 

Ihe  TaiKjent  Galvanometer. — The  tangent  galvanometer  is  used  for 
comparing  currents ; when  its  “ constant”  is  known,  its  readings  can  be 
converted  into  absolute  units. 

This  instrument  is  sometimes  made  as  a single  cojoper  ring,  at  the 
centre  of  which  the  needle  is  suspended.  The  objection  to  this  form  is  that, 
except  at  and  near  the  centre,  the  field  of  force  is  not  uniform,  and  that 
those  lines  of  force  to  which  the  deflection  is  mainly  due  are  not  normal  to 
the  plane  of  the  ring — an  assumption  which,  however,  is  made  in  deducing 
the  equation  of  equilibrium  of  the  needle.  For  a relatively  short  needle, 
however,  the  lines  of  force  are  sensibly  normal  to  the  ring. 

The  French  physicist  Gaugain  sought  to  improve  this  form  by  sus- 
pending the  magnet  excentrically  on  the  axis  of  the  coil,  at  a distance  from 
its  centre  equal  to  half  the  radius.  Besides  the  want  of  uniformity  in  the 
field  near  the  point  of  suspension,  a grave  objection  to  this  instrument 
was  the  difficulty  of  making  tlie  lineai-  measurements  required  for  deter- 
mining the  point  of  suspension.  Helmholtz  removed  these  difficulties,  and 
converted  the  arrangement  into  a practical  instrument  by  adding  a second  coil, 
similar  to  the  first  and  symmetrically  situated  with  respect  to  the  magnet. 
Fig.  19;  the  distance  between  the  mean  planes  of  the  coils  is,  therefore, 
equal  to  their  radius.  The  lines  offeree  due  fo  two  such  circular  coils  are. 


A 


X 


Fig.  19. 


K 


B 

Fig.  20. 


in  the  neighbourhood  of  the  magnet,  })arallel  and  equidistant  straight  lines. 
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so  that  the  needle  will  be  kept  throughout  the  deflection  in  a truly  uniform 
field — a condition  essential  to  perfect  accuracy.* 

Let  the  needle  (length  /)  of  a single  ring  galvanometer  be  deflected 
through  an  angle  0,  Fig.  20,  by  a current  C.  Then,  if  m denote  the  strength 
of  the  magnet-pole,  the  intensity  of  the  earth’s  directive  force  will  be  H m, 
H being  the  horizontal  component  of  the  earth’s  magnetic  force),  and  will 
act  along  D E and  G K parallel  to  the  magnetic  meridian. 

The  magnetic  action  of  the  current  will,  if  r be  the  radius  of  the  ring, 
be  2 » 7t  along  D F and  G S,  i)erpendicular  t(^  the  meridian. 


The  arm  of  the  couple  due  to  the  earth’s  force  is  G Q = / sin  0. 

the  moment  of  this  couple  is  H m.  I sin  0. 

The  arm  of  the  couple  due  to  the  current  is  D Q = / cos  0. 

, , j p • ..  2 TT  r Q 711 1 cos  0 

the  moment  ot  this  couple  is ^ 

r- 

The  needle  being  in  equilibrium  under  the  action  of  these  two  couples, 
we  have 

2 r 7T  C , r.  tt  1 ■ n 
; L cos  0 = H m I sm  o 


Whence 


C = tan  0 


The  strength  of  the  current  in  absolute  units 
may  be  found  in  a similar  manner  in  terms  of 
measurable  quantities,  in  the  case  of  the  double  coil 
galvanometer.  As  this  is  often  required,  we  shaH 
give  several  methods  for  determining  the  constant  of 
the  instrument. 

Let  be  the  angle  between  the  tangent  to  the  current  at  an  element 
ds  and  the  line  joining  the  element  to  the  magnet  pole.  The  effect  of  each 
element  is  shown  experimentally  to  vary  as  sin  <l>. 


. the  action  of  an  element  = 


ds 


G . 711  . , ds  . G . 711 

— sin  <j)  = 

1”  r'- 


for  A heing  an  axis,  </,  = 90'' 


This  force  acts  along  A B,  that  is,  at  right  angles  to  the  plane  containing 
the  pole  and  element  d.s. 

The  symmetrical  element  d,s\  would  give  an  equal  force  acting  along  A E. 
The  components  of  these  forces  along  the  axis  are  equal  and  similar ; 
those  perpendicular  to  the  axis  are  equal  and  opposite.  Hence  the  force 

effectual  in  deflecting  the  needle  is  2 ‘ cos  0.  For  one  complete 


* These  lines  are  given  in  Maxwell,  Vol.  II.,  Plate  XIX. 
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turn  of  the  wire,  we  must  replace  2 ds  by  2 a tt,  and  if  there  be  n turns 
in  all  on  both  coils,  the  expression  for  the  deflecting  force  becomes 


T,  0 . „ 0 m „ 

r - — s — • a IT  n . cos  t)  = — - . 2 « Trn 
r"  r'- 


(^for-^  = cos  6^ 


the  moment  of  the  couple  due  to  the  current  producing  a deflection  8. 

2 a-  7T  . 0 . „ 

= 5 I m cos  6 

IT 

The  moment  of  the  couple  due  to  the  earth’s  force  is  H . . sin  S 

2 7T  C M j „ 

. • . 3 l m cos  0 = ti  . ml  . sin  6 


•.  0 = 


H 


2 (TTrn 


tan  8 


Now  r=^a^  + cT 

3 

^ H (a-  + d-)“  , « H tan  8 

• j ' tan  8 = — — ^ 


{a-  + dy^ 

The  horizontal  component  H of  the  earth’s  force  is  variable  with  respect 
to  place  and  time.  For  very  accurate  experiments  it  would  be  necessary  to 
find  its  value  for  the  room  in  which  the  tangent  galvanometer  is  used.  The 
method  will  be  given  further  on. 

The  principal  constant*,  usually  called  the  constant,  of  the  galvanometer  is 
and  this  may  be  calculated  if  we  can  measure  with  precision  a and 

d (in  centimetres),  and  ascertain  the  number  (n)  of  windings. 

It  should  be  noticed  here  that  the  quantity  which  is  called  the 


constant  of  the  galvanometer,  viz.. 


2 a^  7T  n 


— , and  which  is  usually  denoted 


((d  + cPy 

by  G or  by  the  Greek  letter  T,  is  also  the  strength  of  the  magnetic  field 
due  to  unit  current  at  the  point  (A)  on  the  common  axis  which  is  equally 
distant  from  the  plane  of  the  coils,  and  at  which  the  needle  is  suspended. 

Where  practicable,  it  is  preferable  to  find  the  constant  by  comparison 
with  a standard  pair  of  coils,  large  and  carefully  constructed  so  that  all  the 
linear  measurements  may  be  made  with  great  accuracy. 

* The  electromagnetic  constants  of  a coil  are 

(1)  The  magnetic  force  at  the  centre  due  to  unit  current, 

(2)  The  magnetic  moment  of  tlie  coil  due  to  unit  current, 

(3)  The  co-eflicient  of  self-induction. 

And,  in  case  of  a pair  of  coils, 

(4)  Tlie  co-eflicient  of  mutual  induction, 
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Fig.  22  represents  the  tangent 
‘’•alvanonieter  placed  concentrically 
with  the  standard  pair  of  coils.  The 
planes  of  the  coils  must  be  placed  in 
the  magnetic  meridian,  the  instru- 
ments carefully  levelled,  and  the 
connections  made,  so  that  the  cur- 
rents through  the  standard  coils 
and  through  the  galvanometer  may 
oppose  each  other  in  their  effects 
upon  the  needle.  By  means  of  the 
resistances  R and  r,  these  currents 


remains  steadily  at  zero  when  the  circuit  is  closed. 

Let  Cl  be  the  current  flowing'  through  the  standard  coils,  whose  constant 
isGi.  Then 

H . tan  S 


0i  = 


Oj  Gj  = H tan  8 


As  the  galvanometer  tends  to  produce  an  equal  and  opposite  deflection, 
we  have,  C denoting  the  current  through  the  galvanometer  and  G its 
constant, 

C G = II  tan  8 .-.  C G = Oj  G^  and  G = Gj 
Also,  by  Ohm’s  law. 


Ci_  p + r 
C D-t-R’ 


where  p is  the  resistance  of  the  galvanometer,  and  D that  of  the  coils. 


.-.  G = 


p + r 

R+R 


G, 


which  gives  the  required  constant. 


There  is  yet  a third  method  for  converting  the  readings  of  a tangent 
galvanometer  into  absolute  measure.  It  gives  good  results  and  is  easy  of 
application.  It  is  derived  from  the  laws  of  electrolysis. 

The  electro-chemical  equivalent  e of  a substance  is  the  mass  in  grammes 
liberated  at  the  negative  electrode  by  the  passage  of  unit  current  for 
unit  time. 

The  electro-chemical  equivalent  of  hydrogen  is  .000105 
„ „ copper  .003307 

„ „ zinc  .003412 

As  an  ampere  is  q^th  the  absolute  unit  of  current,  the  mass  in  grammes 
deposited,  per  second,  by  an  ampere  would  be  : 
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For  hydrogen  . . .0000105 

„ copper  . . . .0003307 

„ zinc  . . . .0003412 

A current  C in  time  T would  liberate  a mass  W,  given  by 

W = 6 C T 

The  tangent  galvanometer,  the  vessel  containing  the  electrolyte  (say, 
copper  sulphate),  and  a key  are  connected  up  in  series  with  the  battery. 

The  preliminary  operation  consists  in  levelling  the  galvanometer,  placing 
the  plane  of  its  coils  in  the  meridian,  and  weighing  with  a delicate  balance 
either  both  electrodes  or  only  the  negative.  The  galvanometer  should  be 
read  every  minute  or  half-minute  for  about  20  minutes.  If  proper  means 
have  been  taken,  the  readings  will  not  vary  much. 

Then  if  be  the  weight  of  the  negative  electrode  at  the  beginning, 
and  W2  at  the  end,  the  mass  de})osited  by  C amperes  in  T seconds  is 

W2-W1. 

.-.  W.,- Wj  = 6 C T 

This  will  give  C in  amperes.  Now  C = A:  tan  </>,  whence  the  reduction- 
factor  h is  known. 

Ex.  Let  Wj  be  G.2813  gm.,  W.2  be  G.9l75gm.,  time  T 14  minutes, 
and  the  mean  reading  of  the  galvanometer  35°  50'.  The  ® of  copper  being 
.0003307,  we  have  : 

6.9175  - 6.2813  = .6362  = .0003307  x 0 x 14  x 60 

Whence 

C = 2.29  amperes 

But 

G = k tan  = k tan  3.5“  50'  .-.  2.29  = ^ x .722  .•.  k = .3.1717 

If  we  want  the  current  in  absolute  units,  we  must  multiply  the  tangent 

of  the  deflection  by  { ^ Py  .31717. 

It  is  plain  that  the  value  of  h thus  found  is  constant  only  so  far  as  the 
numerical  value  of  the  horizontal  component  H of  the  earth’s  magnetic  force 
remains  constant,  an  assumi)tion  that  must  not  be  made  when  accurate  results 
are  required.  It  would  be  neces.sary  in  such  cases  to  rcdetermiue  k at 
intervals,  and  allow  for  any  changes  that  may  take  place. 

In  using  a tangent  galvanometer,  it  is  advisable,  where  possible,  to 
arrange  the  battery  and  adjust  the  resistances  so  as  to  get  a deflection  as 
near  45°  as  possible — that  being  the  angle  of  niax’nnnni  sen.ntiveness. 

For 


Horizontal  Component. 


33 


Since  the  sensitiveness  is  ineasured  by  the  increase  of  the  deflection  due 
to  an  increment  of  current,  we  must  difierentiate  the  above  equation  with 
respect  to  </>  and  C. 


, d 4> 

sec‘  «)  — = 

^ dG  ^ 


a 

H 

By  inverting  (1)  we  have  cot 

C Cr 


d cf> 


by  multiplying  (2)  and  (3)  sec^  </>  . cot  = 

d (_/ 


Whence 


d <j)  1 cos*  (f)  . sin  (ji  2 cos  </>  sin  sin  2 (f> 

d C 0 sec'^  (f>  cot  ^ 0 . cos  (fi  2 0 2 0 


• (2) 
• (3) 


This  is  plainly  a maximum  when  = 45°. 

To  find  the  horizontal  component  H we  determine — 

( 1 ) The  time  of  vibration  T of  a magnet  swinging  under  the  action 

of  the  earth’s  magnetic  force  ; and 

(2)  The  angle  through  which  this  magnet,  placed  at  a known  distance, 

deflects  a freely  suspended  magnet  or  needle  from  the  meridian. 
A swinging  magnet  is  like  a pendulum,  and  obeys  similar  laws.  Its 
time  of  vibration  is  given  by 

T=‘>.  / ^ 

" 'V  M H (1+e) 


Where  K is  the  moment  of  inertia  of  the  magnet,  M its  magnetic  moment, 
and  e the  ratio  of  torsion  of  the  suspending  fibre. 

The  magnet  is  usually  a cylinder  or  a rectangular  bar.  If  I be  the 
length  of  the  cylinder  in  centimetres,  r its  radius,  and  W its  weight  in 
grammes,  then  its  moment  of  inertia  about  an  axis  perpendicular  to  the  axis 

of  the  cylinder  at  its  middle  point  is  K = W ( rs+X/*  ^ length 


and  h the  breadth  of  the  har,  its  moment  of  inertia  about  an  axis  passing 
through  its  centre  of  gravity  and  perpendicular  to  the  plane  containing  I 
and  5,  is  K = W 

The  first  operation  therefore  consists  in  weighing  the  magnet  and 
measuring  its  dimensions  with  great  care. 

The  magnet  is  next  suspended  from  a torsion-head  by  one  or  more 
fibres  of  unspun  silk,  and  is  protected  from  currents  of  air  by  a glass  case. 
A lamp  and  scale  are  adjusted  so  that  a sharp  image  of  a fine  wire  stretched 
over  the  aperture,  is  reflected  from  the  magnet-mirror  and  is  visible  on  the 
scale.  The  torsion  circle  is  then  turned  through  an  angle  a alternately  to 
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Ratio  of  Torsion. 


the  right  and  the  left^  the  deflections  of  the  magnet  being  noted  and  their 
mean  taken.  But  the  angular  displacement  of  the  spot  of  light  is  twice  that 
of  the  mirror ; and  if  n be  the  number  of  scale  divisions  over  which  the 

light  has  moved,  and  r the  distance  from  the  scale  to  the  mirror,  then  the 
arc 
radius 


circular  measure  ^ 


j of  the  angle  through  which  the  magnet  has 


turned  is  — , neglecting  a small  correction  for  the  rectangular  character  of 

the  scale.  But  2 tt  is  the  circular  measure  of  360° ; therefore  57^°,  that  is 
300°  )h 

~ — -,  is  the  unit  of  angular  measurement,  and  ^ x 57 1 will  be  the  angular 

measure  of  the  displacement  of  the  magnet.  Call  this  <f>.  If  ^ denote 
the  force  of  torsion,  H the  horizontal  comj3onent  of  the  earth’s  force, 
and  m the  strength  of  a 25ole  of  the  magnet,  then  the  ratio  of  the  torsional 


force  to  the  directive  force  on  the  maernet  is  and  this  is  equal  to  — r, 

^ Urn  ^ 

which  is,  for  shoi'tness,  called  the  ratio  of  torsion. 

To  find  T,  note  exactly  the  time  when  the  image  of  the  wii-e  crosses  the 
middle  of  the  scale ; count  (say)  5 complete  vibrations,  and  note  the  time 
of  the  last  jiassage.  Repeat  this  5,  7,  or  10  times.  After  a short 
interval,  during  which  the  required  reductions  may  be  made,  a second  seiies 
may  be  taken,  and  then  a third. 

The  reductions  will  be  best  understood  fi-om  an  examj)le.  The  first 
transit  noted  occurred  at  3h.  48'  20",  the  fifth  vibration  Avas  completed  at 
3h.  49'  29",  the  tenth  at  3h.  50'  38  ",  and  the  rest  as  in  the  following  table  ; 


Time  of  Passage. 


h. 

l. 

m. 

s. 

h. 

11. 

in. 

s. 

h. 

111. 

m. 

s. 

3 

48 

20 

4 

G 

14 

4 

15 

10 

3 

49 

29 

4 

7 

22 

4 

IG 

18 

3 

50 

38 

4 

8 

32 

4 

17 

27 

3 

51 

47 

4 

9 

40 

4 

18 

35 

3 

52 

55 

4 

10 

49 

4 

19 

45 

An  approximate  value  for  T is  found  by  dividing  the  time  between  any 
two  transits  (the  best  being  the  first  and  the  last)  by  the  number  of  vibra- 
tions. Thus 


h.  m.  s.  h.  in.  S. 

3 52  55  - 3 48  20  = 275  seconds,  and  T = — 13.75  seconds. 

The  second  series  gives  T — 13.75  ,, 

The  third  series  gives  T — 13.75  ,, 

. •.  tlie  mean  value  obtained  in  this  way  is  13.75  ,, 


Time  of  Vibration. 
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The  time  at  which  the  middle  'passaye  occurred  is  found  by  taking  the 
mean  of  transits  equally  distant  from  the  middle. 

Thus 


h.  m.  s.  h.  m. 

s. 

h. 

ni. 

s. 

From  the  two  extremes  we  get  (3  48  20  + 3 52 

55) 

= 3 

50 

37.5 

From  the  second  and  fourth  .... 

, 

. 3 

50 

38 

And  from  direct  observation  ..... 

. 3 

50 

38 

.•.  the  true  time  of  middle  vibration  from  I.  is  . 

. 3 

50 

37.8  (1) 

Similarly  II.  gives  ....... 

. 4 

8 

31.5  (2) 

And  III.  gives  ....... 

. 4 

17 

27.0  (3) 

The  interval  between  (1)  and  (2)  is  1073.7  seconds,  and  this  divided  by 
13.75  should  give  a ivhole  number  of  vibrations.  Performing  the  operation 


we  get 


1073.7 

13.75 


78.06. 


Therefore  the  number  {n)  of  vibrations  was  78.  The 


exact  time  of  vibration  will  then  be 


1073.7 

78 


13.756  seconds. 


In  like  manner  (1)  and  (3)  give  w=ll7  and  T=  13.755  ; and  (2)  and 
(3)  give  ?i  = 39  and  T=  13.743. 

The  mean  of  these  is  13.751  seconds,  which  is  the  true  time  of  vibration. 

In  this  determination  we  may  dispense  with  lamp  and  scale,  using 
instead  a small  telescope  provided  with  cross  hairs.  The  telescope  of  a 
theodolite,  a level,  or  a cathetometer  answers  very  well.  In  this  case,  it  is 
necessary  to  have  a mark  on  the  magnet  (an  arrow  on  a piece  of  paper  will 
do),  or  else  to  reckon  the  arc  of  vibration  from  one  turning  point  to  the  other. 
It  is  necessary  that  the  arc  of  vibration  be  small,  otherwise  the  periods 
would  not  be  isochronous,  the  time  increasing  slightly  with  the  amplitude. 

The  corrected  time  T is  obtained  from  the  observed  time  t by  the 
formula 


T = t 


-‘(j” 


T Siiv  - + — sin' 
4 64 


:) 


where  a is  the  number  of  degrees  in  the  arc  of  vibration  of  the  magnet. 
The  value  of  M H is  now  deducible  from 


T = 2.  J ^ 

V M H (1  +0) 

The  object  of  the  second  experiment  is  to  find  For  this  purpose, 

the  magnet  whose  T was  previously  determined  is  placed  at  a certain 
distance  [rdj  from  the  centre  of  a second  magnet  or  needle.  The  deflection 
of  the  spot  of  light  on  the  scale  is  noted,  the  magnet  is  then  reversed  and 
the  second  deflection  observed.  By  taking  the  mean  of  these  two,  we  allow 
for  any  want  of  symmetry  in  the  magnetisation  of  the  magnet.  The 
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Deflection  Experiment. 


deflecting  magnet  is  now  placed  at  an  equal  distance  on  the  opposite  side  of 
the  needle  and  two  more  readings  are  taken,  in  order  to  eliminate  the 
effects  of  any  unsymmetrical  distribution  in  the  needle  itself.  The  mean  of 
these  four  readings  is  taken  as  the  true  deflection. 

The  same  four  observations  are  repeated  at  a second  distance  (rj),  in 
order  to  correct  for  any  unknown  distribution  in  the  magnet  or  the  needle. 

Let  n be  the  mean  reading,  r being  the  distance  from  the  mirror  to  the 
scale.  Then  the  tangent  of  the  angle  of  deflection  of  the  magnet  is  approxi- 
mately = -^. 

A closer  approximation  is  given  by  the  first  two  terms  of  the  expansion 
for  tan  e,  viz.. 


tan  0 ~ 


['-a)’] 


The  ratio  of  torsion  (s)  for  the  fibre  from  which  the  needle  is  sus- 
pended must  be  determined  as  antecedently. 

Then  the  ratio  will  be  found  from 


M 

H 


^ ( 1 + •&)  r'  tan  6 


for  let  N S,  Fig.  23,  be  the  deflecting  magnet,  n s the  needle,  m and 
[x  the  strength  of  the  poles,  2 I the  length  of  the  magnet,  and  r the  distance 
from  A to  n. 

The  attraction  of  S and  n 


m fi  7)1  /X 

""  (S^  ^ (7”-7p 

The  repulsion  between  N and  n is 


for  S n is  very  nearly  — r - 1. 


7H  fJL 

p-TT)^ 


Fig.  23. 


the  resultant  force  F = 


7)1  fJi 

(r-lf 


m fJL  4 Z m /X 
{r  + /)-  ~ r’ 


2lm=  ' 


M 


where  M is  the  moment  (2  m I ) of  the 
magnet. 

If  0 be  the  angle  through  which  the 
needle  is  deflected,  we  see  from  Fig.  24  that 

the  arm  of  the  couple  — is  (calling  a 

the  length  of  the  needle)  cos  6 and  its 
moment  2 ^ ^ cos  0,  whilst  the  arm  of 

the  couple  H/x  is  A sin  0 and  its  moment  is 
H /X . A sin  61. 


Working  Formula. 
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...  A cos  0 = H u A sin  0 

IT 


Whence 


M 

— = 1 r-®  tan  6 
H ^ 


Allowing  for  the  torsion  of  the  fibre,  we  have 


— = 2(1+'^)^  tan  9. 


A more  accurate  formula  is 


^ (1  + ■&)  tan  0 = A + 


B 


M 


where  A is  the  ratio  — and  B is  a constant  depending  upon  the  distribu- 
tion of  magnetism  in  the  deflecting  magnet. 

Writing  this  formula  for  the  two  distances  i\  and  r^,,  and  eliminating  B, 
we  have 

^ _ X tan  e,-r/  tan  9, 

which  is  a good  working  formula. 

As  an  illustration  of  the  above,  let  it  be  required  to  find  H and  also  M 
from  the  following  measurements  : 

Length  of  bar  magnet  10  cm. 

Breadth  ,,  . . .6  cm. 

Weight  „ . 28.308  gm. 

K = 28.308  236.75 

T was  found  previously  to  be  13.751  seconds. 

To  determine  e,  the  torsion  circle  was  turned  through  360°,  to  the 
right  and  the  left,  the  mean  deflection  of  the  magnet,  converted  into 
angular  measure,  being  2“.4, 


0 


2".  4 


360“-2“.4 
13.751  = 2 


= .0066 


V 


236.75 


MH  (1.0066) 


whence  M H = 49.144. 

In  the  deflection  experiment,  the  scale  was  at  a distance  of  52.7  cm. 
from  the  mirror,  i\  was  30  cm.,  and  the  mean  of  the  four  deflections  was 
11.97. 

...  tan  9^  = = .113 

By  using  tan  0,  = correction  which  is  subtractive 

IS  .00146,  and  may,  in  the  present  case,  be  neglected. 
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Refiecting  Galvanometer. 


At  distance 


40  cm.,  the  mean  of  the  deflections  was  4.97. 


tan  6^2  = 


4.97 
2 X 52.7 


.047 


The  ratio  of  torsion  {^)  was  found  to  he  .0035, 


M , (40)x.047-(30/x.ll3 

■ • H “ ^ (40)'_(30)^ 

= 1481.525  ~ 

And  as  M H = 49.144 


1.0035 


.-.  M = 269.828 


and  H = .18213 


The  distances  {i\  and  chosen  should  be  in  the  ratio  of  3 to  4,  as 
errors  of  observation  will  then  have  the  least  influence  on  the  results. 

The  Reflecting  Galvanometer. — In  the  common  form  of  this  instrument, 
there  are  two  circular  coils  within  which  is  suspended  the  astatic  pair  of 
needles.  It  is  provided  with  a curved  magnet,  for  the  purpose  of  obtaining 
various  degrees  of  sensitiveness.  When  this  magnet  is  turned  so  as  to 
oppose  the  action  of  the  earth,  it  may  be  gradually  slid  along  its  supporting 
rod  until  it  exactly  neutralises  the  earth’s  field ; there  will  then  be  no 
directive  force  on  the  needles,  and  they  will  remain  in  any  position  in 
indifferent  equilibrium.  Displacing  the  regulating  magnet  slightly,  there 
will  be  just  sufficient  force  to  keep  the  needles  N and  S ; the  deflection 
produced  by  a given  current  will  then  be  the  greatest  possible,  and  the 
instrument  is  adjusted  to  its  maximmn  sensitiveness. 

Reflecting  galvanometers  are  frequently  used  as  galvanoscopes  merely 
to  detect  the  passage  of  a current,  or,  as  in  the  mill  methods,  to  show  that  a 
balance  has  been  obtained. 

When  used  for  comparing  currents,  it  should  bo  remembered  that  these 
are  proportional  to  the  tangent  of  the  deflections  of  the  magnet ; that  is, 

Cj  : C2  = tan  ^ 6^  : tan  ^ 9,2 

where  6 denotes  the  angular  displacement  of  the  spot  of  light.  We  know 


tan  9,  for  it  equals  fl-j-  n denoting  the  number  of  scale  divisions  in  the 


deflection,  and  d the  distance  from  the  mirror  to  the  scale, 
may  deduce  tan  ^ 9. 

For 

tan 

1 — tan-  ^ 9 


From  this  we 


.•.  tan  9 — tan  9 tan-  4 0 = 2 tan  ^ 9 
or  tan  9 tan"  ^0+2  tan  \ 9 = tan  0 
or,  hy  writing  a for  tan  0 and  x for  tan  4 0,  a x- + 2x  = a 


Electro-Dynamometer. 
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Now 


V 1 +«=— 1 


i.e.  tanl  « .VI  -Han=^-1 
tan  & 


tan  6»  = 4 
a 


\/ 1 + - 1 \/ n-  + d-  - d 

. ••  tan  t 0 ^ = 

n n 

~d 

Hence 

0-0=  ^ : \/ _ /J) 

' ' ^ n.2  • • • V / 

Expanding  and  taking  only  the  first  two  terms,  we  get 

Oj  : C2  = «!  ; 7^2 (2) 

This  proportion  gives  rise  to  no  appreciable  error  when  the  deflections  do 
not  differ  largely  ; but  when  this  is  not  the  case,  (1)  should  be  used. 

The  Electro-Dynamometer. — Currents  may  also  be  measured  in  practical 
or  in  absolute  units  by  means  of  an  electro-dynamometer.  This  instrument 
was  invented  by  Weber,  and  used  by  him  in  verifying  Ampere’s  electro- 
dynamical theory.  Weber’s  electro-dynamometer  consisted  of  a large  fixed 
coil  and  a small  movable  one  with  bifilar  suspension,  and  furnished  with  a 
mirror,  by  means  of  which  the  deflections  of  the  coil  could  be  read  off  in  the 
usual  subjective  way  with  telescope  and  scale. 

When  an  electro-dynamometer  is  used,  it  is  adjusted  (1)  so  that  the 
planes  of  the  coils  are  at  right  angles  to  each  other,  that  of  the  movable 
coil  being  (2)  also  perpendicular  to  the  magnetic  meridian. 

When  a current  passes  through  the  instrument,  the  suspended  coil 
tends  to  turn  round  and  place  itself  parallel  to  the  fixed  coil,  and  by  (1) 
the  mutual  action  of  the  coils  is  made  as  great  as  possible,  whilst  by  (2)  the 
action  of  terrestrial  magnetism  is  reduced  to  a minimum. 

The  couples  acting  on  the  inner  coil  when  deflected  are, 

{a)  that  due  to  the  bifilar  suspension,  and 

{b)  that  due  to  the  electro-dynamic  action  of  the  coils. 

It  is  important  to  remember  that  («)  is  proportional  to  the  sine  of  the 
angular  deflection  of  the  coil, 
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Bifilar  Suspension. 


Let  D and  E,  Fig.  25,  be  the  points  of  suspension  of  p 
the  wires,  B and  F the  points  at  which  they  are  attached 
to  the  coil.  Then  the  weight  (W)  of  the  coil  acting 

vertically  downwards  at  C is  equivalent  to  at  B and  F 

respectively.  Let  the  coil  be  turned  through  an  angle  B C A ^ 

(0),  the  corresponding  displacement  of  the  wire  being  </>.  Then, 

considering  only  one  wire,  we  see  that  the  weight  — at  A pig.  25 


may  be  resolved  into  — sec  </,  along  the  wire  D A,  and  ^ tan  ^ in  the 

2 2 

direction  A B.  As  is  very  small,  we  may  replace  tan  ^ by  sin  (f>. 

Q 

The  perpendicular  from  C on  A B is  « cos  where  A C = « 

W 0 

.•.  the  moment  (M)  of  this  force  about  C is  ^ sin  ^ . a cos  — • 

If  I denote  the  length  of  the  wire  D B,  then 


I sin  </)  = A B = 2 a sin 


AT  W 2«  . ^ 

M = — . sm  ^ 


• » ^ (6  . (7 

sm  </,  = j-  sin  ~ 

e ^Ycv‘  . . 

a cos  — = sin  6 


And  finally  for  both  wires  M = 


W 

I 


sin  0 = fS  sin  6 (say). 


The  electro-dynamieal  action  of  two  circuits  traversed  by  currents  and 
y,  is  proportional  to  the  product  yi  y^,  and,  therefore,  to  y-  in  the  case  which 
we  are  considerinsr. 

O 

The  couple  due  to  the  current  may  be  written  a y-  where  a depends 
upon  the  geometrical  data  of  the  coils.  The  moment  of  this  couple,  when 
the  small  coil  is  deflected  through  an  angle  6,  is  a y'^  cos  6.  Therefore  for 
equilibrium  we  have 


And 


a 7^“  COS  0 = (i  sin  6 


E-  tan  6 = X tan  0. 
a 


If  we  take  account  of  the  torsion  of  the  wire,  its  effect  for  each  wire 
will  be  fi6,  u being  the  couple  of  torsion  for  1®.  The  above  equation  would 
then  become 

a Y cos  9 = fi  sin  6 + 2 {jl  6. 

To  completely  eliminate  the  effect  of  the  earth’s  magnetism,  we  must 
take  four  observations  for  tan  9 — viz.,  (1)  on  making,  and  (2)  on  reversing 
the  current,  (3)  and  (4)  on  sending  the  currents  round  the  coils  in  oj)posite 
directions. 


Siemens’s  Electro-Dynamometer. 
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The  electro-dynamometer  may  also  be  used  as  a galvanoscope ; it  was 
thus  employed  by  Kohlrausch  and  Nippoldt  in  their  researches  on  the 
resistance  of  electrolytes. 

A convenient  form  of  electro-dynamometer  has  been  devised  by  Sir 
W.  Siemens,  and  is  extensively  used  in  electric  lighting  measurements. 

The  instrument  is  shown  in  Fig. 

26.  There  are  two  fixed  coils,  one  of 
thin  and  the  other  of  thick  insulated 
copper  wire.  The  latter  is  used  when 
continuous  and  the  former  when  alter- 
nating currents  are  to  be  measured. 

The  movable  coil  is  reduced  to  a singfle 
loop  of  very  stout  wire,  in  order  to 
reduce  as  much  as  possible  the  effect 
of  terrestrial  magnetism ; this  loop 
is  suspended  by  a thread  and  spiral 
spring,  and  in  its  zero  position  its 
plane  is  at  right  angles  to  that  of 
the  fixed  coils.  Its  ends  dip  into 
separate  mercury  cups,  by  means  of 
which  the  rotations  are  facilitated 
and  circuit  completed. 

The  deflections  of  tlie  loop  are  indicated  by  a bent  index-arm,  which 
is  brought  back  to  the  zero  of  graduation  by  turning  the  upper  end  of  the 
spring,  the  number  of  degrees  of  torsion  being  indicated  by  a pointer. 

The  couple  tending  to  bring  back  the  index-arm  to  zero  is  proportional 
simply  to  the  angle  of  torsion  a.  Therefore 

7^  = A a where  A is  a constant. 

The  value  of  A is  determined  for  each  instrument  and  marked  in  the  table 
accompanying  it. 

It  is  useful  to  verify  A from  time  to  time,  as  the  resiliency  of  the  spring 
may  slightly  change  with  use  or  accidental  rough  handling.  This  verification 
is  readily  made  by  comparison  with  a tangent  galvanometer  whose  reduction 
factor  has  been  carefully  determined. 

From  the  readings  of  the  tangent  galvanometer  we  have 

0 = 5 tan  0,  or  Q = k tan  6 

From  the  electro-dynamometer. 


Fig.  26. 
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Potential  Galvanometer. 


Whence 


C*  = A a 

tan^  $ 
a 


In  an  actual  measurement,  0 was  47°  30',  a was  12.75°,  and  K 3.171  ; 
i.e.,  this  was  the  number  by  which  the  tangent  of  the  deflection  should  be 
multiplied  in  order  to  give  the  current  in  amperes.  If  C were  required 
in  absolute  units,  we  should  sinq)ly  have  to  divide  the  number  of  amperes 
by  10. 

. (3.171  X 1.0913P  „„„ 

• ■ ^ “ 1175 = 


The  number  given  in  the  table  was  .923. 

Of  course  the  value  of  A should  not  be  taken  from  any  one  measurement, 
but  deduced  from  a series  of  careful  observations. 

If  the  currents  which  we  are  measming  be  suddenly  reversed,  the 
currents  through  the  loop  and  the  coil  will  be  simultaneonsly  reversed  and 
the  deflection  will  not  be  altered.  Hence  an  electro-dynamometer  may  be 
used  in  measuring  rapidly  alternating  induction  currents, 

llic  Potential  Galvanometer. — Sir  William  Thomson  has  recently  de- 
vised two  instruments  of  great  value  to  the  practical  electrician,  viz.,  the 
potential  and  the  current  galvanometer.  The  former  might  have  been 
described  in  an  earlier  part  of  this  chapter,  but  it  was  thought  better  to 
place  it  after  the  tangent  galvanometer  by  comparison  with  which  it  is 
graduated. 

o 

The  potential  galvanometer.  Figs.  27  J^nd  28,  consists  of  a coil  A of 


Fig.  27.  Fig.  28. 

very  high  resistance  (GOOO  or  7000  ohms)  and  a movable  magnetometer  H, 


Graduation  of  Galvanometer. 
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Four  small  magnets  form  the  “ needle”  and  are  rigidly  connected  with  a 
long  light  aluminium  pointer,  Fig.  28-  An  image  of  this  pointer  is  formed 
in  an  underlying  plane  mirror,  and  errors  in  reading  due  to  parallax  are 
avoided  by  placing  one’s  self  so  that  the  image  and  the  needle  are  seen 
coincident  in  the  same  vertical  plane. 

The  deflections  are  kept  within  convenient  limits  by  increasing  the 
intensity  of  the  magnetic  field  in  which  the  needle  moves.  This  is  effected 
by  a semicircular  steel  magnet  whose  field  is  carefully  determined  and 
marked  on  the  magnet. 


As  a preliminary,  it  may  be  necessary  to 
show  that  when  a coil  of  high  resistance  (R) 
is  connected  with  two  points  A and  B,  Fig.  29, 
of  a conductor,  through  which  a current  (C)  is 
passing,  the  difference  of  potentials  (V)  between 
the  two  points  is  practically  unaltered. 


have 


Calling  Cl  and  the  currents  in  the  branches  of  the  multiple  arc,  we 


And 


C = ci+ 


Cj  r = C2  R = V 

. c.,  R = r (C  - c,)  and  c,  = ~ — C 

R + r 

But  by  Ohm’s  law, 

V 

C = — (before  R was  inserted). 

_ r 

■■^2  R-f-r^r  R + r 


V • • • 

— , wlien  _ is  negligible. 
R R 


and  the  difference  of  potentials  (V)  deduced  from  0^  = ^ will  differ  from 

R 


the  true  value  by  a quantity  which  may  be  made  vanishing. 

To  graduate  the  instrument  P G,  we  may  connect  it  up  with  a tangent 
galvanometer  T and  a known  resistance  [r).  A sufficiently  strong  battery 
must  be  used  in  order  to  give  a deflection  of  nearly  45°  on  T,  the 
magnetometer  (its  magnet  being  removed)  must  be  slid  along  its  platform 
until  nearly  the  same  deflection  (45  divisions)  is  obtained. 

From  T we  have 


C = ^’  tan 
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whence  C is  known  (say)  in  amperes.  Multiplying  by  r,  expressed  in 
ohms,  we  get  in  volts  the  difference  of  potential  (V)  at  the  terminals  A and 
B of  the  potential  galvanometer. 

The  rest  of  the  operation  will  be  best  understood  from  an  example. 
Let  the  deflection  of  P G be  42  divisions,  that  of  T,  43°  30  ; its  k,  3.171, 
and  the  resistance  (r)  over  which  the  fall  is  required  10  ohms.  Then 

0 = 3. 171  X .885  = 2.81  amperes, 

And 


Therefore, 


2.81  X 10  = 28.1  volts. 


42 

1 volt  would  give  — divisions  in  the  earth’s  field, 


And 


1 volt  in  unit  field  would  give 


42 

28 


x.l8  = .27  divisions. 


Hence  in  that  position  of  the  magnetometer,  the  number  to  be  marked  on 
the  platform  of  the  instrument  is  .27. 

The  position  corresponding  to  .25  or  ^ may  be  deduced  as  above,  viz., 

— X . 1 8 = 4,  whence  a:  = 38. 9. 

28  ^ 


This  is  the  deflection  which  the  magnetometer  should  give  at  the  number 
i ; it  must,  therefore,  be  moved  back  until  this  reading  is  obtained,  and 
then  the  fraction  ^ is  marked  on  the  platform. 

To  ascertain  the  position  for  1,  2,  4,  &c.,  we  must  diminish  the 
battery  power  (otherwise  the  deflection  would  be  excessive)  and  proceed 
exactly  as  before.  For  l,  &c.,  we  must,  on  the  contrary,  increase  the 
battery  in  order  to  keep  the  deflections  as  near  45  as  possible,  that  being 
the  angle  of  maximum  sensitiveness. 

The  above  formula  may  now  be  generalised.  Let  d be  the  reading  of 
the  magnetometer,  V the  required  difference  of  potential,  H the  strength 
of  the  earth’s  magnetic  field,  and  « the  number  marked  on  the  platform. 
Then  from  above 

= n.  wlience  V = . 

V ’ 


When  the  semicircular  magnet  is  used  the  resultant  field  is  the  sum  of  that 
due  to  the  earth  and  the  magnet.  Calling  this  f,  we  have 

V = 

n 

Ex.  Required  the  difference  of  potential  at  the  ends  of  a resistance 
of  50  ohms  through  which  a current  from  a battery  of  15  Grove’s  cells  is 


Vei'ification  of  Magnet  Strength. 
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passing,  the  reading  of  the  potential  galvanometer  being  9.5  at  the  number 
4 on  the  platform  and  the  strength  of  the  magnet  11.12  c.g.s.  units  of 
intensity. 

Here 


V = + .18)  ^ gg 

4 

In  magnetic  measurements  we  cannot  assume  that  the  moment  of 
a carefully  manipulated  magnet  remains  constant  for,  say,  two  consecutive 
hours,  still  less  may  we  assume  this  constancy  in  the  case  of  the  semi- 
circular magnet  of  the  magnetometer  which,  in  spite  of  all  precautions,  will 
be  sometimes  handled  with  but  little  delicacy,  left  lying  about  in  the 
neighbourhood  of  other  magnets  or  masses  of  iron,  and  in  all  positions 
with  respect  to  the  magnetic  meridian. 

It  is,  therefore,  imperative  to  re-determine,  from  time  to  time,  the 
strength  of  the  field  produced  by  the  magnet  or  by  the  magnet  and  earth 
combined,  i.e.  the  f of  the  formula. 

This  verification  may  be  easily  made  by  a method  suggested  by  Pog- 
gendorff’s  method  of  compensation  for  finding  the  resistance  of  batteries. 


Fig.  30  shows  the  various  connections.  B is 


will- 


P& 


O 


4 — % 


Fig.  30. 


a battery  of  12  or  15  Grove’s  cells;  P G the 
potential  galvanometer  whose  resistance  is  g (7000 
ohms) ; D is  a standard  cell,  say,  one  of  Latimer 
Clark’s  whose  E.M.P.  (Eg)  is  1.457  volts  ; F is  a 
zero  galvanometer,  and  r an  adjustable  resistance. 

This  r is  varied  until  F shows  no  deflection,  then 
we  know  that  the  fall  of  potential  between  A and  H,  due  to  the  battery 
B,  is  equal  to  that  due  to  the  cell  D. 


The  current  (C)  produced  by  the  battery  is  — neglecting  the 

resistance  of  the  battery,  which  is  small  in  comparison  with  the  resistances 
in  circuit.  Therefore,  the  difference  of  potential  between  A and  H is  _ 

^ a + r 

• ■ • = ^2,  whence  E,  = 

But  C X ^ = difference  of  potential  at  terminals  of  galvanometer 

_ deflection  x field  d f 
number  on  platform  ~ ' n 

That  is 


_E-_ 

g + r ^ ^ n 
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Current  Galvanometer. 


For  the  unknown  E.M.F.  (Ej)  substitute  the  value  found  above  and  we 


get 


Whence 


0 ^ {'J  + '>’)  ^2  ^ E,  ^ d f 

//  + »'  r r n 


/•= 


d r 


which  gives  /in  terms  of  known  quantities. 

By  subtracting  the  earth’s  horizontal  force  (H)  from  f,  we  obtain  the 
intensity  of  the  field  due  to  the  magnet,  i.e.,  the  number  which  should  be 
marked  upon  it. 

The  Current  Galvanometer. — The  current  galvanometer  differs  from  the 
potential  galvanometer  only  in  its  coil,  which  is  one  of  low  resistance.  For 
graduation,  it  is  connected  up  in  series  with  a tangent  galvanometer 
and  a resistance-box.  The  resistances  in  circuit  must  be  varied  so  as 
to  keep  the  deflection,  in  all  positions  of  the  magnetometer,  as  near  45  as 
possible. 

The  current  in  amperes  is  given  by  the  tangent  galvanometer,  and  the 
graduation  may  be  effected  in  a manner  quite  analogous  to  that  used  for 
the  potential  galvanometer. 

Before  an  observation,  the  potential  and  current  galvanometers  should 
be  levelled,  the  magnet  removed,  and  needle  set  free.  The  platform  must 
then  be  gradually  turned  until  the  pointer  stands  at  zero.  Replacing  the 
magnet,  the  instrument  is  ready  for  use. 

The  methods  of  making  contact  are  ingenious.  The  leading  wires  or 
“ leads”  are  terminated  at  one  extremity  by  two  thick  copper  strips.  Fig.  31, 
kept  apart  by  an  insulating  material. 

When  inserted  at  C,  Fig.  27,  contact 
is  made  with  another  similar  pair  of 
plates  connected  resj^ectively  with  the 
two  ends  of  the  coil.  The  other  ex- 
tremity of  each  “ lead”  is  furnished 
with  a pincer-like  appendage,  Fig.  32.  >^'g-  3'-  32. 

The  upper  part  consists  of  a tongue  of  l)oxwood,  and  is  kept,  by  means  of  a 
tightly  fitting  ring,  pressing  against  a copper  })late  which  is  soldered  to  the 
lead.  When  a wire  is  clipped  by  this  apparatus,  it  is  held  in  electrical 
contact  with  the  lead. 

The  Tor.non  Galvanometer. — We  may  here  descril)e  Sieniens’s  torsion 


Torsion  Galvanometer. 
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galvanometer,  an  instrument  which  is  extensively  used  in  electric  lighting 
to  measure  differences  of  potentials. 

It  consists,  Fig.  33,  of  one  of  Dr.  Werner  Siemens’s  bell-shaped  magnets 
suspended  by  a thread  and  si)iral  spring  between  two  vertical  coils  of  fine 


wire  and  high  resistance.  The  lower  end  of  the  spring  is  attached  to  the 
magnet,  and  the  upper  to  the  axis  of  a pointer  that  moves  over  a graduated 
circle. 

When  a current  C passes  through  the  coils,  the  magnet  is  deflected, 
and  is  brought  back  to  its  zero  position  by  twisting  the  spring.  The 
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number  of  degrees  of  torsion  is  indicated  by  the  pointer,  and  is  proportional 
to  the  force  (more  strictly,  the  couple)  of  torsion. 

In  the  electro-dynamometer,  an  increase  of  current  in  the  fixed  coil  is 
attended  by  a corresponding  increase  in  the  movable  one,  and  hence  the 
mutual  action  of  the  two  parts  of  the  same  circuit  varies  as  C^. 

In  the  torsion  galvanometer,  on  the  other  hand,  an  increase  of  current 
in  the  vertical  coils  is  not  attended  by  a similar  change  in  the  strength  of 
the  magnet.  The  mutual  action,  then,  between  the  current  and  the  magnet 
varies  as  the  first  power  of  C.  The  theory  of  this  instrument  may  be  thus 
deduced  : 

By  Ohm’s  law. 


The  laws  of  elasticity  give 


0 = — . 
K 


C 


where  x is  the  couple  of  torsion  for  1°  and  6 is  the  number  of  degrees  of 

torsion.  x' 

• ■ • = \ 6 and  E = RX  6 = fxO  (say), 

XV 

i.e.,  the  difference  of  potentials,  as  measured  by  the  instrument,  varies 
directly  as  the  angle  of  torsion. 

The  constant  r may  be  determined  as  antecedently  by  comparison  with 
a standard  cell  or  with  a tangent  galvanometer. 

We  shall  here  describe  another  method  which,  in  some  circumstances, 
may  be  found  more  convenient  than  the  others.  It  is,  moreover,  susceptible 
of  numerous  applications. 

It  requires  a condenser,  a standard  cell,  and  a reflecting  galvanometer 
adapted  for  measuring  transient  curi-ents,  that  is  one  in  which  the  needle 
has  a large  moment  of  inei  tia,  and  consequently  a long  ])eriod  of  vibration. 
By  this  means,  we  insure  that  the  whole  discharge  from  the  condenser  will 
pass  through  the  galvanometer  coils 
before  the  needle  has  appreciably  moved 
away  from  its  position  of  equilibrium. 

Such  a modification  constitutes  what  is 
called  a “ ballistic”*  galvanometer. 

The  connections  for  this  test  are 
shown  in  Fig.  34,  where  T G is  tlie 
torsion  galvanometer,  with  its  terminals 
joined  up  to  the  binding  screws  of  a 
resistance-box  B. 

* See  (Jordon’s  Klectrieity,  Vol.  I.,  p.  255  (Seeond  Edition). 


The  Torsion  Galvanometer. 
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C is  a ^ iii.f.,  and  D a galvanometer^  both  connected  with  a discharge 
key.  A and  B are  binding  screws  fixed  on  two  brass  strips  A H and  B E, 
wliich  are  kept,  in  their  normal  condition,  pressing  against  the  metallic 
pieces  K and  O by  their  own  elasticity;  when  H and  E are  depressed, 
they  make  contact  with  specially  arranged  binding  screws  G and  F. 

The  diaofram  shows  one  coatino’  of  the  condenser  connected  to  B and, 
through  O,  to  one  end  of  the  resistance  R,  Depressing  H,  the  other 
coating  is  connected  through  A and  the  brass  strip  with  the  other  end  of 
the  resistance.  A momentary  depression  of  H suffices  to  charge  the  con- 
denser up  to  the  given  E.M.F.,  viz.,  the  difference  of  potentials  at  the  ends 
of  the  resistance  R. 

Releasing  H and  j^utting  down  E,  the  condenser  is  discharged  through 
the  galvanometer.  Such  is  the  play  of  the  key. 

To  obtain  the  “ constant”  of  a torsion  galvanometer,  we  may  proceed 
as  follows  : 

Take  a battery  of  (say)  5 Grove’s  cells,  and  unplug  some  resistance 
(say  50  ohms)  in  the  box.  On  closing  the  battery  circuit,  the  needle  of  T G 
will  be  deflected  ; let  it  require  25°  of  torsion  to  bring  it  back  to  zero  ; 
charge  and  discharge  the  condenser  by  successively  depressing  and  releasing 
H and  E,  using  a shunt  if  necessary.  With  a -^-th  shunt  let  the  deflection 
be  59  scale  divisions  ; therefore,  without  the  shunt  the  deflection  would  have 
been  59x  10  = 590  divisions. 

The  given  E.M.F.  may  be  evaluated  by  charging  the  condenser  from  a 
Latimer  Clark’s  cell  and  noting  the  discharge  deflection. 

Let  this  be  48.9  divisions,  or  489  without  the  -^-th  shunt.  We  now 
have  the  proportion 

489  : 590  = 1.457  : a; 

Whence 

x = 1.75  volts  = the  cliai'ging  E.M.F. 

This  must  also  be  the  number  deduced  from  the  reading  of  the  torsion 
galvanometer. 

Hence 

1.75  = 25  II 
.-.  /x  = 0.70 

i.e.,  the  number  .070  is  the  constant  factor  by  which  the  observed  angle  of 
torsion  must  be  multiplied  in  order  to  obtain  the  difference  of  potentials  in 
volts. 

From  a series  of  similar  determinations  the  value  of  /x  may  be  accurately 
found. 

£ 
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The  Wheatstone  Bridge. 


In  the  usual  construction  of  the  instrument,  a torsion  of  about  15° 
corresponds  to  an  E.M.F.  of  1 volt.  By  inserting  a plug,  Fig.  33,  a re- 
sistance may  be  thrown  out  of  circuit,  and  then  a torsion  of  15°  corresponds 
to  0.1  volt. 

The  Wheatstone  Bridge. — The  “ l)ridge”  method  of  measuring  electrical 
resistance  was  introduced  in  1833,  by  Mr.  Hunter 
Christie,  of  the  Royal  Military  Academy,  Woolwich. 

It  remained  unnoticed  until  1843,  when  it  was  taken 
up  and  greatly  developed  by  Sir  Charles  Wheatstone. 

Let  four  conductors,  A F,  F D,  D H,  H A,  be 
joined  up  in  circuit  with  battery  B and  galvanometer  G, 

Fig.  35. 

Then  the  fall  of  potential  between  A and  D along  A F D is  the  same  as 
along  A H D.  By  adjusting  one  of  the  resistances  (say  72),  the  deflection 
of  the  galvanometer  may  be  reduced  and  finally  eliminated.  As  no  current 
then  passes  through  G,  the  potential  at  F must  be  the  same  as  at  H. 
The  fall  over  A F must  consequently  bear  to  that  over  F D the  same 
ratio  that  the  fall  over  A H bears  to  that  over  H D.  But,  by  Ohm’s  law 

^C  = .•.  C R = E^,  the  fall  of  potential  is  directly  proportional  to  the 

resistance  over  which  it  takes  place ; lienee  we  have,  from  the  previous 
considerations, 

r.,  : 7’a=  and  r.,  = r.,  r, 

which  is  the  equation  of  the  bridge. 

When  this  condition  is  fulfilled,  the  battery  circuit  may  be  opened  or 
closed  without  afi'ecting  G,  and  reciprocally  the  galvanometer  circuit  may 
be  opened  or  closed  without  attecting  B.  The  two  branches  F H and  ABB 
are  then  said  to  be  conjugate  to  each  other. 

The  above  important  relation  may  be  deduced  in  another  way.  Let  us 
suppose  the  bridge  balanced  and  the  galvanometer  circuit  open. 

Tlie  resistance  of  A F and  F D = r.,  + r.j 
Tliat  of  A H and  1 1 I ) = 

Tlierefore  their  ioint  resistance  in  inultinle  arc  is  ^ 

When  the  galvanometer  circuit  is  closed,  its  resistance  {rj)  has  no  effect 
on  the  current  since  the  bridge  is  balanced. 

The  whole  resistance  in  the  bridge  may  also  be  considered  as  made  up 
of  the  two  multi])le  arcs  A F,  A H and  13  F,  1)11  arranged  in  series. 

3*0  T 

'I’lio  resistance  of  A If,  A If  is  — — 


r 
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That  of  D F,  D n is  ^ ' 
r^  + r^ 

And  tlieir  ioint  resistance  in  series  is  — | — 

+ »*5  I'i  + 1'i 

Hence  the  equation 

(r,  + r3)  (r.  + z-s)  ^ r.,  r,  r,,_r^ 

(r."  + ra)  + (r^  + r,)  r.,  + r,  + 

which  reduces  to  the  com|)lete  quadratic 

(r-2  r,)"  + (r.j  r^f  - 2 r,  r.,  r,  r,  = 0 

Taking  the  square  root 

n 1-j  - rj  ?'5  = 0 

Whence 

r-2  r,  = 1-3  Tg 

This  relation  is  often  deduced  from  Kirchofi‘’s  laws  of  current  distri- 
bution in  a network  of  linear  conductors.  These  laws,  moreover,  enable  us 
to  find  the  current- strength  in  any  branch  of  the  bridge,  and  thence  the  best 
conditions  for  any  required  measurement  of  resistance. 

Kirchoff's  laws  are  two  in  number  : 

(I.)  The  algebraical  sum  of  all  the  currents  meeting  at  any  node  of 
the  network  is  zero. 

This  follows,  at  once,  from  the  principle  of  continuity  ; 
for  as  there  is  no  accumulation  of  electricity  at  the  node, 
the  sum  of  all  the  currents  flowing  to  it  must  equal  that  of 
all  the  currents  flowing yiwn  it;  e.g.,  in  Fig.  36, 

Cl  -1-  C3  C_,  = C.3  + Cg  + Cg 

Reckoning  the  former  direction  positive,  the  latter  becomes  negative, 
and  therefore 

Cl  -f  C3  + C4  = - (Cj  -f-  C5  -f-  Cg) 

or. 

Cl  -I-  C3  -f  C4  -I-  (cj  + Cj  -I-  Cg)  =0 
i.e.,  c = 0 

(II.)  If  we  go  round  any  closed  circuit  of  the  network,  then,  reckoning 
currents  and  electromotive  forces  in  one  direction  positive,  and  those  in  the 
opposite  direction  negative,  the  whole  electromotive  force  in  the  circuit  is 
equal  to  the  sum  of  the  products  of  each  current  by  the  resistance  through 
which  it  passes. 

Let  Fig.  37  represent  a closed  circuit  including  the  electromotive  forces 
El,  E2,  and  E3.  Let  Cj  be  the  current  through  the  conductor  whose  resis- 
tance is  IT,  a and  g denoting  the  potentials  at  its  two  extremities ; and  let 
there  be  similar  notation  for  the  other  parts  of  the  circuit. 

K 2i 
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Then,  by  Ohm’s  law,  c^7\  = a - y 
Similarly, 

And 


— d - h 


= / - e 

^1  »’i  + c.^r.^  + c.^r.^  = a - <j  -]r  d - h + f - e 
= («-6)  + {d-e)  + {J-cj) 

= E,  + E,  + E3 

i.e.  E c r = 2 E,  which  is  the  law.  

Fig.  37. 

If  we  consider  a circuit  such  as  shown  in  Fig.  38,  in  which  there  is  no 
impressed  E.M.F.,  we  have  a,  h,  d denoting  the  j^otentials  at  B,  D 

respectively, 

Cj  't\  — a — h 
c.^r.2  = b — d 

C3  r.3  = d — a 

•••  »’l  +^2^2+  C3  »-3  = 0 

. • . 2 c r = 0,  which  is  in  accordance  with  the  law. 

Now,  in  Fig.  39,  let  7\,  V2,  &c.,  be  the  resistances  of  the  different  parts 
of  the  bridge,  Cj,  C2,  &c.,  the  currents  through  them, 
and  E the  electromotive  force  of  the  battery  B. 

Then  applying  Kirchoff^’s  laws  to  the  circuit  B 
F D B,  we  get 


C'l  7-^ 

+ 

C'2 

''■2  + C3  C3 

= F 

• (1) 

From  xV  F H, 

C2 

+ 

Ce 

- C3  7-5 

- 0 

• (^) 

From  F D H, 

Cfl 

+ 

C4 

^’4  ~ C3  7-3 

= 0 

■ (3) 

At  A, 

Cl  = 

C2 

+ 

C5  • 

• (i) 

x\t  F, 

C.2  = 

C3 

+ 

Co  • 

■ (5) 

At  D, 

Cl  = 

C3 

+ 

c,  . 

■ (3) 

It  is  necessary  to  ffnd  the  current  through  the  galvanometer  (cy)  in 
terms  of  the  battery  cur-rent  Ci  and  the  resistances  in  the  various  branches. 
From  (G)  Cj  = c,  - 

From  (4)  Cj  = c,  - Cj  = c,  - (C3  + from  (5) 

Substituting  in  (3)  and  also  in  (2)  we  get 

Q + ’h  {ci  - Cj)  - C3  r-2  = 0 

(c-i  + cd  + ’-(i  Co  - n (c,  - t-3  - Co)  = 0 

These  last  two  equations  may  be  written 

Co  + 7\  c,  - c-3  (ro  + ry  = 0 (7) 

c,i  ('C,  + r,  + 7-„)  + c,,  {r.,  + 7-5)  - 7-5  cj  = 0 . . . . (8) 

Betweeir  (7)  and  (8)  eliminating  Cg,  we  get 

(7-3  7-0  - 7-.,  7-y  C, 


C„  = 


r.2  + 7-.,  r-i  + r,  r„  + r.j  7-„  + 7-3  7-„  + + 7\  r„  + 

^ ds  - r.,  7-y  c, 

(r„  + 7-3)  (7-3  + ry  + 7-0  (73  + 7-3  + 7-, 4- n) 
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The  current  through  the  galvanometer  (cg)  will  therefore  vanish  when 
^3  n - ^’2  ’*4  =0  or  r,  = r. 


The  relative  sensitiveness  of  the  bridge  in  any  particular  measurement  is 
practically  determined  by  finding  the  greatest  change  in  the  adjustable 
resistance  that  corresponds  to  the  least  observable  galvanometer-deflection. 

It  may  be  shown*  that,  for  accurate  determinations,  all  the  resistances 
on  the  bridge  should  be  as  nearly  as  possible  equal  to  the  resistance  to  be 
measured,  an  approximate  value  for  the  latter  being  obtained  from  a pre- 
liminary test. 

The  mathematical  theory  of  the  bridge  also  shows  it  to  be  most  sensitive 
when,  of  the  battery  and  galvanometer,  the  one  which  has  the  higher 
resistance  connects  the  junction  of  the  two  greater  with  that  of  the  two 
smaller  resistances. 

The  practical  connections  corresponding  to  Fig.  39  are  shown  in  Fig.  40, 
where  r<^  and  are  the  “ arms  ” of  the  bridge,  and  the  resistance  that  is 
varied  until  the  balance  is  obtained. 

The  Slide-Wire,  or  Metre  Bridge,  Fig.  41,  is  a modification  of  the  bridge 
due  to  Kirchoff,  and  is  especially  useful  for  the  measurement  of  low  resis- 


tances. A galvanometer  of  correspondingly  low  resistance  should  be  used. 
The  common  astatic  galvanometer  of  about  half  an  ohm  answers  well  for  a 
variety  of  purposes.  With  a little  care,  very  accurate  results  may  be 
obtained. 


* Maxwell,  § 348  ; or  Kempe’s  Handbook  of  Electrical  Testing,  p.  120. 
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Tlio  practical  connections  corresponding  to  Fig.  39  are  shown  in  Fig.  42. 
The  galvanometer  must  always  be  put  between  F and  H,  and  the  battery 
between  A and  D,  irrespective  of  the  theoretical  conditions  of  sensitiveness, 
otherwise  the  surface  of  the  wire  would  be  gradually  injured  l)y  making  and 
breaking  contact.  This  wire  is  made  of  an  alloy  of  platinum  and  iridium, 
which  is  hard  and  tough,  not  easily  scratched  or  otherwise  altered  with 
respect  to  its  surface  conditions.  Its  resistance  is  also  but  little  affected  by 
changes  of  temperature. 

When  a telephone  is  used  instead  of  the  galvanometer  G,  it  may  not 
be  always  possible  to  obtain  complete  silence  ; in  this  case,  that  position  of 
the  movable  contact  H,  Fig.  42,  which  gives  a minimum  of  sound,  corresponds 
to  the  balance. 

When  the  bridsfe  is  balanced,  we  have 

7'g  : 7*4  = : Tr,  or  = r.j 

This  equation  is  true  only  in  so  far  as  the  resistance  R^,  R^  of  the  con- 
necting pieces  is  negligil)le.  When  measuring  high  resistances,  R,  and  R., 
may  be  neglected.  In  the  case  of  low  resistances  this  neglect  would  cause 
an  error  which  would  increase  with  the  smallness  of  the  resistance.  Rj  and 
Rg  may  be  calculated  as  follows  : 

For  the  sake  of  clearness,  in  the  balanced  bridge,  let  a,  h,  c,  and  d 
denote  respectively  r^,  Vi,  and  r^. 

Interchange  and  and  balance  again,  and  let  the  new  value  of  be 
e,  and  that  of  be  f. 


Then  we  have 

a 

h 

d + R, 

c + R, 

And 

h 

a 

/ + R. 

-r  Ro 

Eliminating  Rg  between  the.se  equations, 

a h (e  — c)  + Ir  d — <v  f 

Jvj  = t;  r:; 

ir  — ir 


But 


c + d = e f p,  — c = d — f 


.-.  R. 


a h {d—f)  + 6“  (■/  — a f 
d~  — li- 


Working  out  and  factoriim 

O 

{a  + h)  (I)  d — o f)  h d — a f 
‘ — ((.  — h 
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Similarly, 

he—  a c 
R,  = - _ 


Professor  G.  Carey  Foster  has  shown  how  the  difterence  of  two  nearly 
equal  resistances  may  be  accurately  found  independently  of  those  of  the 
connections. 

Let  Q and  R,  Fig.  41,  be  unchangeable,  and  P and  S the  interchange- 
able resistances.  It  is  required  to  find  P — S in  terms  of  the  slide-wire,  its 
length  being  I,  and  the  resistance  of  unit  length. 

When  the  bridge  is  balanced,  we  have 

Q ^ R 

P -I-  rj  + M rq  S + 4- 


or. 


Therefore,  also. 


Q P -|-  7’j  + A* 

R 4*  7’.,  -{•  fJL  I — jU 

Q _ P 4-  7’j  4-  M 
Q 4-  R P 4-  S 4-  7-x  4-  r.^  4-  M / 


Similarly,  when  P and  S are  interchanged, 

Q _ S yuy.j  __ 

Q4-R  ~ P + S 4-  7-j  4-  7*2  4-  ^ 

Whence 

P 4-  4-  fq  = S 4-  4- 

And 

P - S = /X  («2-«i) 

If  S =0,  that  is  if  one  of  the  gaps  is  closed  by  a conductor  of  insen- 
sible resistance,  we  have 

P = /X  ((*2  — «i) 

i.e.,  the  difference  of  the  two  scale  readings  gives  the  length  of  the  wire 
whose  resistance  is  equal  to  that  of  the  conductor  to  be  measured. 

It  is  evident  the  resistance  of  this  latter  must  be  small,  and  expressible 
in  parts  of  the  standard  wire. 

The  value  of  the  coefficient  /x  may  be  readily  found  by  the  preceding 
method.  Thus  a wire  whose  resistance  R is  a little  less  than  that  of  the 
standard  slide-wire  is  taken,  and  its  resistance  carefully  determined  as 
above.  It  is  next  joined  np  in  multiple  arc  with  a standard  unit  of  resis- 
tance S,  and  the  measurement  repeated. 

If  c and  d be  the  difference  of  the  scale  readings  in  the  two  cases 
respectively,  we  have 

M c = R 

And 


R 4-  y 
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Whence  _ o 

c d ' 

If  the  slide-wire  should  not  be  of  uniform  resistance  throughout,  the 
values  for  the  different  parts,  and  also  a mean  value  for  the  wire  as  a whole, 
can  be  found  by  giving  small  varying  values  to  R. 

If  the  instrument  has  been  subjected  to  rough  usage,  or  if  it  be  required 
for  very  delicate  work,  it  will  be  found  necessary  or  advantageous  to  calibrate 
it,  that  is,  to  divide  it  into  parts  of  equal  resistance. 

This  may  be  done  by  an  elegant  method  due  to  Professor  G.  Carey 
Foster.*  Let  E F,  Fig.  43,  be  the  wire  to  be  calibrated.  The  battery 
is  connected  to  the  binding-screws  a and  b,  the  terminals  of  the  galvano- 


meter to  two  movable  contact-makers  ni  and  r,  the  former  on  the  principal 
and  the  latter  on  a compensating  wire  Fb  The  ends  of  the  compensator 
are  connected  with  binding-screws  near  the  gaps  B and  C.  The  end  gap 
A is  closed  by  a short  thick  copper  conductor,  that  at  D by  a length  of 
German  silver  wire  whose  resistance  is  equal  to  that  of  the  part  of  the 
slide-wire  which  it  is  desired  to  take  at  a time.  This  serves  as  a sort  of  unit, 
or  gauge  or  standard  of  comparison. 

The  gauge  being  inserted  at  D,  the  contact  ni  is  placed  as  near  F as 
possible,  and  the  slider  7i  is  moved  along  the  compensator  until  the  galva- 
nometer is  balanced.  A and  D are  then  interchanged,  and  the  balance  is 
restored  by  displacing  7n. 

It  follows  from  above  that  the  resistance  of  the  length  of  F E over 
which  w has  been  moved,  is  equal  to  that  of  the  gauge,  or,  more  correctly, 
to  the  difference  between  the  resistances  of  the  gauge  and  the  thick  copper 
connector. 

These  are  now  restored  to  their  original  position,  and  n is  shifted  until 
a balance  is  again  obtained.  The  gauge  and  the  copper  connector  arc  then 
interchanged,  and  the  balance  restored  by  displacing  7n.  This  gives  a second 

* .lour.  Soc.  Tel.  Engineers,  Oct.,  1872. 
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length  of  the  wire  equal  in  resistance  to  the  first.  The  operation  is  con- 
tinued in  this  way  until  the  slider  7U  is  near  E,  when  the  calibration  of  the 
wire  is  completed. 

Resistance  Coils. — The  usual  material  for  resistance  coils  is  German 
silver  wire,  this  alloy  changing  but  little  with  time  and  the  ordinary  varia- 
tions of  temperature.  For  coils  of  low  resistance,  comparatively  thick  wire 
is  preferred,  whilst  for  high  resistance,  for  the  sake  of  compactness,  thin  wire 
is  used. 

The  wire  is  covered  with  silk,  and  then  steeped  in  melted  paraffin  wax. 
This  keeps  the  silk  dry,  and  at  the  same  time  secures  good  insulation  ; but 
it  has  the  drawback — paraffin  wax  having  only  a low  conducting  power  for 
heat — of  preventing  the  coils  from  readily  assuming  the  temperature  of  the 
surrounding  medium. 

The  silk-covered  wire  is  wound  double.  Fig.  44, 
round  a hollow  reel  of  insulating  material — generally 
ebonite — and  then  enclosed  within  a brass  cylindrical 
case.  When  immersed  in  a vessel  of  water,  such  a 
coil  gradually  attains  the  temperature  of  the  liquid. 

Several  modifications  of  the  above  method  of  Fig.  44. 

constructing  resistance  coils  have  been  suggested.  Dr.  Fleming  proposes  to 
wind  the  wire,  uncovered  with  silk,  on  an  insulating  cross-shaped  frame, 
and  to  then  enclose  it  within  a flat  nickel  case.  When  placed  in  a vessel 
of  water,  such  a coil  soon  takes  the  temperature  of  the  liquid,  which 
temperature  may  be  easily  determined  and  kept  constant. 

Where  practicable,  it  is  advantageous  to  use  thick  wire  for  coils,  as  it 
will  be  less  heated  by  the  passage  of  the  current. 

It  will  also  be  found  useful  for  many  measurements  to  have  at  one’s 
disposal  an  ohm  of  stout  wire,  without  any  insulating  covering,  and  wound 
in  a long  spiral.  By  its  size  and  exposure,  it  will  readily  take  the  tempe- 
rature of  the  room  in  which  the  measurements  are  made. 

The  object  of  winding  the  wire  of  resistance  coils  double,  is  to  eliminate 

the  effects  of  self-induction.  Thus,  if  a current  flow-  ji  - 

ing  through  a conductor  A B,  Fig.  45,  from  A to  c ^ jj 

B is  suddenly  interrupted,  an  induced  current  will  Fig.  45. 

be  started  in  the  wire  in  the  same  direction  A B.  Similarly,  the  secondary 
due  to  the  cessation  of  a current  in  the  conductor  D C flowing  from  D to 
C,  will  be  in  the  direction  D C.  If  the  two  conductors  A B and  C D be 
joined  up  in  one  circuit,  the  same  induction  phenomena  will  still  take  place 
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so  that  the  “ extra”  current  on  breaking  set  up  in  the  doubled  wire  will 
])rodnce,  in  adjacent  windings  as  also  on  independent  neighbouring  con- 
ductors, equal  and  opposite  electromagnetic  and  inductive  effects. 

The  same  is  true  of  the  extra  current  })roduced  on  closing  the  circuit. 

The  effects  on  a coil  due  to  the  making  and  breaking  of  circuits,  to  the 
movement  of  electrified  conductors  and  of  magnets  in  its  vicinity,  will 
also  be  eliminated  by  such  a method  of  doulfie  winding. 

The  connections  of  the  successive  coils  in  a resistance-box  with  the  metal 
blocks.  Figs.  44  and  46,  should  be  made  so  as  to  have  a very  small  and  con- 
stant resistance. 


Fig.  46. 


To  insure  good  contact,  the  brass  plugs  should  occasionally  be  cleaned 
with  emery  paper,  care  being  taken  to  rub  oft'  any  particles  of  grit  tlin.t  may 
bo  left  adherent  to  the  plug.  For  the  same  reason  it  is  well,  before  using 
a box,  to  take  out  all  the  plugs  and  dust  the  brass  and  ebonite  })ortions 
carefully. 

The  usual  numerical  arrangement  of  the  coils  in 
a resistance-box  is  shown  in  Fig.  47. 

Sir  Charles  Wheatstone  devised  a convenient  little 
apparatus,  the  rheostat,  for  altering  the  strength  of  pig.  47. 

a current  without  interrupting  it.  It  consists.  Fig.  48,  of  two  equal  parallel 
cylinders,  one  of  whiclq  B,  is  made  of  brass,  and  the  otlier,  L,  of  non-con- 
ducting material  (well  dried  wood).  The  latter  is  cut  with  a spiral  groove 
throughout  its  length,  so  that  the  successive  convolutions  of  the  wire  shall 
be  well  insulated  from  one  another.  When  all  the  wire  is  wound  on  B, 
it  is  plain  there  is  practically  no  rheostat  resistance  in  circuit.  By  turning 
clockwise  the  handle  M,  siq)}K)sed  attached  to  the  axis  of  L,  the  wire  will 
be  gradually  and  regularly  coiled  on  the  grooved  cylinder,  and  just  so  much 


(•a?- 
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additional  resistance  will  be  thrown  into  circuit  as  will  be  wound  on  L- 
This  is  read  off  on  a graduated  bar  placed  between  the  two  cyliuders,  any 


Fig.  48. 


fraction  of  a revolution  being  indicated  on  a dial-plate  not  shown  in  the 
figure.  To  decrease  the  resistances,  the  handle  is  tranferred  to  T and 
turned  counter-clockwise. 

The  current  enters  at  the  binding-screw  h,  passes  up  the  spring  K across 
the  brass  cylinder  and  the  stretched  wire  to  L,  where  it  passes  round  the 
various  insulated  windings  to  a second  spring  and  binding-screw,  whence  it 
returns  through  the  rest  of  the  circuit  to  the  battery. 

It  is  not  easy  to  determine,  with  any  degree  of  precision,  the  length  of 
the  wire  thus  introduced,  and  hence  the  rheostat  is  unsnited  for  delicate 
work. 

Somewhat  similar  to  Wheatstone’s  rheostat  is  Poggendorff’s  rheocord. 
It  consists  of  two  stretched  parallel  platinum  wires  connected  with  a pair  of 
binding-screws,  to  facilitate  introduction  into  circuit.  A wooden  box  con- 
taining a small  quantity  of  mercury  is  so  arranged  that  it  slides  easily  along 
the  wires,  the  longitudinal  displacement  being  read  off  on  an  adjacent  scale. 
When  thrown  into  circuit,  the  current  passes  through  one  wire  over  the 
mercury  bridge  to  the  other,  whence  it  re-enters  the  main  circuit.  The 
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rlieocord  resistance  is  obviously  that  of  the  wire  traversed  by  the  current. 
By  sliding  the  bridge  l:>ackward  or  forward,  a very  nice  adjustment  may 
be  obtained. 

The  use  of  powerful  currents  for  electric  lighting  has  led  to  the  con- 
struction of  special  resistances.  These  are  usually  made  of  iron  or  carbon. 
In  the  former  case,  helices  of  iron  about  ^-inch  in  diameter,  or  zigzags  of 
hoop  iron,  are  employed  ; and  in  the  latter,  carbon  rods  similar  to  those  used 
in  arc  lamps. 

Besistance-boxes  usually  go  up  to  10,000  ohms.  Messrs.  Warden  and 
Muirhead  make  some  of  100,000  ohms,  and  even  of  1,000,000  ohms,  or 
megohm. 

Platinum-iridium  wire  is  now  often  used  in  the  construction  of  megohms. 
Mr.  Willoughby  Smith  has  used  selenium  for  the  same  purpose ; but  the 
varying  resistance  of  this  substance  under  the  influence  of  light  and  with  the 
passage  of  currents,  as  well  as  the  structural  changes  superinduced  by  time, 
render  it  unreliable  and  unfit  it  for  use  in  the  construction  of  electrical 
standards. 

A useful  means  of  making  very  high  resistances  has  been  suggested  by 
Mr.  S.  A.  Phillips,  viz.,  by  drawing  a thick  lead-pencil  line  on  a non-con- 
ducting surface  such  as  ebonite,  varnished  glass,  or  even  ordinary  paper, 
taking  care  to  make  good  connections  with  binding-screws.  A line,  a few 
inches  long,  may  have  a resistance  comparable  with  a megohm.  Special 
paper  is  now  manufactured,  in  which  plumbago  is  mixed  with  the  pulp.  A 
strip  of  this  carbon  paper,  20  inches  by  ^-inch,  may  give  a resistance  of 
nearly  50,000  ohms. 

In  some  continental  Avorks,  resistances  are  given  in  Siemens s umt. 
This  unit  is  the  resistance  of  a column  of  pure  mercury  1 metre  long  and 
1 square  millimetre  in  section.  Its  value  was  found  (1878)  by  H.  F. 
Weber  to  be  .955  x 10”  absolute  units,  or  .955  of  the  theoretical  ohm. 

Measurement  of  Resistance. — The  practical  connections  for  measuring 
a resistance  x are  shown  in  Fig.  49- 

When  the  bridge  is  balanced  we  have 


Whence 


r2  cc  = 


r,  r„ 


...  ^ -7  • - J 1 

then  X will  be  equal  to  7-3.  Knowing  the  approximate  value,  we  may  alter 
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the  ratio  of  the  arms,  taking  care  to  attend  to  the  condition  of  maximum 
sensitiveness. 

If  we  make  ~ 10,  and  r.2,  = 100,  then  we  shall  be  able  to  read  to  a 
tenth  of  an  ohm  ; for, 

T 

100  X'  = 10  r.,,  whence  x = 

Similarly,  if  we  make  =10  and  = 1000,  we  may,  supposing 
such  arms  to  be  consistent  with  sensitiveness,  read  to  the  100th  of 
an  ohm. 

It  not  unfrequently  happens  that  even  when  every  means  available 
with  the  bridge  has  been  taken,  we  cannot  get  a perfect  balance.  In  such 
a case,  it  would  be  useful  to  introduce  a rheocord  or  a calibrated  wire.  It 
is  usual,  however,  to  determine  the  resistance  by  a sort  of  method  of 
interpolation. 

For  instance,  suppose  that  with  equal  arms  in  the  bridge  and  1 1 ohms 
in  i\,  we  get  a permanent  deflection  of  34  scale  divisions  to  the  right,  and 

that  with  1 2 ohms  unplugged,  we  get  a deflection  of  1 6 divisions  to  the  left, 

34 

then  the  true  resistance  (x  — v^  would  be  11  + 77-.-  . , ^ = 11.68  ohms. 

' ' 34  + ib 

Small  resistances  are  sometimes  compared  by  a method  which  involves 
a knowledge  of  what  is  called  the  loyarithmic  decrement  of  a galvanometer 
needle. 

When  a magnetic  needle  oscillates,  it  sets  up  in  neighbouring  con- 
ductors induced  currents  whose  electromagnetic  action  tends  to  gradually 
diminish  the  amplitude  of  the  swing  and  ultimately  to  bring  the  needle  to 
rest.  There  is  also  a further  dissipation  of  the  energy  of  the  swinging 
needle  arising  from  the  resistance  of  the  air  and,  to  a small  extent,  from  the 
viscosity  of  the  suspending  fibre. 

The  oscillations  in  such  cases  are  said  to  be  damped.  Theory  requires 
and  experiment  shows  that  the  arcs  form  a decreasing  geometrical  })rogres- 
sion ; the  ratio  of  the  amplitude  of  any  two  successive  vibrations  is  called 
the  7'atio  of  damping,  and  its  logarithm  the  logarithmic  decrement. 

In  the  mathematical  theory  of  damping,  it  is  shown  that  the  expres- 
sion for  the  angular  elongation  of  the  magnet  contains  a term  involving 
the  Napierian  logarithm  of  the  decrement.  This  latter  quantity  is  denoted 
by  A and  is,  for  the  sake  of  brevity,  called  the  logarithmic  decrement. 

It  is,  in  most  measurements,  desirable  that  the  galvanometer  needle 
should,  when  a current  is  sent  through  the  coils,  quickly  indicate  the  per- 
manent deflection.  In  some  instruments,  this  is  imperfectly  attained  by 
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winding  the  wire  on  a copper  frame  ; in  some  otliers,  great  damping  is 
effected  Ijy  surroimding  the  magnet  with  a mass  of  copper,  whilst  in 
another  class  of  galvanometers  very  considerable  damping  is  attained  by 
greatly  multiplying  the  windings  of  the  wii’e.  In  these  galvanometers,  the 
magnetic  field  due  to  the  currents  induced  by  the  motion  of  the  needle,  is 
correspondingly  increased,  as  is  also  the  reaction  of  the  field  on  the  swing 
of  the  needle.  With  long  coils  in  which  the  resistance  may  rise  to  30,000 
or  40,000  ohms,  the  free  vibratory  motion  of  the  needle  may  be  completely 
checked. 

The  same  object  is  also  attained  by  enclosing  the  magnet-mirror  in  a 
small  brass  tube,  glazed  in  front  and  behind,  and  just  large  enough  to  allow 
the  mirror  to  swing  freely.  The  resistance  of  the  closely  confined  air  effec- 
tually checks  any  violent  motion  of  the  mirroi',  which,  accordingly,  turns  to 
its  position  of  equilibrium  and  stops  there  dead.  Hence  the  name  Dead- 
Beat  by  which  all  such  galvanometers  are  known. 

If  and  a^  be  the  amplitudes,  of  the  inth  and  nth  oscillations,  then  the 


ratio  of  damping  is 


and  the  log.  decrement  is 


Errors  of  observation  will  have  the  least  effect  on  the  result  when 
is  equal  to  the  base  € of  the  Napierian  system  of  logarithms,  i.e.,  to  2.718,  or 
3 nearly. 

It  should  be  observed,  that  as  part  of  the  damping  is  due  to  the 
viscosity  of  the  air  and  of  the  suspending  fibre,  the  damping  due  to  the 
galvanometer  coils  is  the  difference  of  that  observed  (1)  when  the  galvano- 
meter circuit  is  open  and  (2)  when  it  is  closed  by  a wire  of  no  perceptible 
resistance. 

To  find  the  log.  decrement  of  the  needle  of  a small  astatic  galvanometer, 
the  following  observations  of  the  turning-points  were  made  : 

With  open  Circuit.  With  closed  Circuit. 


.50.6° 

48° 

46° 

40° 

44 

42 

.48 

.4.4 

40 

;58 

.42 

28 

;3.5 

;5:5 

26 

2,4 

.41 

29 

22 

19 

27 

26 

18 

16 

24 

2.4 

1.5 

14 

22 

20 

1.4 

1 1 

19 

18 

Erom  tlie  above  we  get  tlie  arcs  of  vibration  to  be. 


Mcasiu'ement  of  Rc,sista>ice. 
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With  open  Circuit.  With  closed  Circuit. 


98.6° 

86° 

86 

71 

78 

60 

68 

49 

60 

41 

53 

34 

47 

29 

12 

24 

37 


Therefore, 


A(|  (with  open  circuit)  is  ^ log^ 

98  6 

37 

And 

A,  (with  closed  circuit)  is  1 log^ 

86 

24 

.•.  the  damping  due  to  the  coils  is  .18  — .12  = .06 

The  damping  depends  upon  the  strength  of  the  needle  and  on  the  form 
of  the  coil  and  the  number  of  windings.  The  mathematical  theory  shows 
also  that  the  logarithmic  decrement  varies  inversely  as  the  resistance  in 
circuit.  This  suggests  a method  of  measuring,  or  comparing,  small  resis- 
tances. In  the  case  of  high  resistances,  the  damping  becomes  feeble  and 
difficult  of  accurate  measurement. 

Let  it  be  required,  for  example,  to  find  the  resistance  of  a galvano- 
meter. If 

Aq  he  the  log.  decrement  with  open  circuit, 

Aj  „ „ „ closed  circuit, 

And 

A^  „ ,,  ,,  known  resistance  in  circuit. 

Then  we  have 

-'•1  - ^0  : ^2-^  = Gj  • G7+R2 

Which  gives  Gj  in  terms  of  Il2- 

Ex.  To  determine  the  resistance  of  the  galvanometer  whose  log.  decre- 
ment was  found  above  to  be  .06,  an  ohm  was  inserted  between  its  terminals, 
and  the  log.  decrement  was  again  observed  and  found  to  be  .02. 

Then 


Whence 


.06  : .02 


1 

Gtj  (jTj  + 1 


Gj  = A ohm. 


If  A3  be  the  log.  decrement  with  an  external  resistance  R3  in  circuit,  we 

have 
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^ Xi  Xo  : X2  Xo  : ^3-^o  ~ ‘ + ' G^  + R^ 

wliicli  gives  K3  in  terms  of  R2  and  known  quantities. 

If  a table  of  Napierian  logarithms  be  not  ready  to  hand,  we  may  use 
common  logarithms,  multiplying  them  by  2.3  ; 

For  let 

cf  = b'-'  = m (any  number). 


Then 

X 

a“  = b 


- = log,  6 

.1/  o<‘ 


and  X = y log,  h i.e.,  log,  m = log,,  m x log,  6 


log^  m = logio  m X log^  10 


(1) 


Let  6*  = 10,  then  x = loge  10. 

Also  taking  the  logarithm  of  both  sides  of  the  exponential,  xve  have 


X logio  e = logio  10  = 1 


Whence 

Therefore,  by  (1) 


logio 


.434 


= 2.3 


logj  m = logio  ^ 2.3 


which  proves  the  above  rule. 

To  determine  the  specific  resistance  of  a wire  or  cylindrical  conductor, 
we  must  find  the  resistance  R of  a length  I and  radius  r.  Then  the  sjDecific 
resistance  p being  that  of  one  centimetre  cube  of  the  material,  that  is,  of  a' 
cylinder  1 cm.  long  and  1 sq.  cm.  in  sectional  area,  xve  have 

p = -j  7T  r‘ 


The  diameter  of  the  xvire  is  measured  by  a fine-adjustment  micrometer  screw. 

The  resistance  of  a galvanometer  coil  may  be  found  by  the  Wheatstone 
bridge,  just  as  that  of  an  ordinary  conductor,  })rovided  xve  have  a second 
instrument  to  use  as  a galvanoscope.  If  xve  have  not,  the  resistance  of  the 
galvanometer  may  be  determined  by  a method  suggested  to  Sir  William 
Thomson  by  Mance’s  method  for  finding  the  resistance  of  batteries. 

The  galvanometer  is  placed.  Fig.  50,  iu  one  branch 
C D of  the  bridge,  and  a key  in  D F.  On  closing  the 
battery  circuit,  the  needle  of  the  galvanometer  is  }>er- 
manently  deflected.  When  the  bridge  is  balanced,  D F 
and  ABC  are  conjugate,  and  hence  making  or  breaking 
contact  at  K xvill  not  aftect  the  deflection. 

If  G denote  the  resistance  of  the  galvanometer,  xve  pig.  50. 
have  (M  ^ ^ whence  (1  = 

Besides  dispensing  xvith  the  use  of  an  auxiliary  galvanoscope,  this 
method  has  the  advantage  of  being  independent  of  the  resistance  of  the 
battery. 


Mances  Method. 
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Mance’s  method  for  finding  the  internal  resistance  of  a battery  is  shown 
in  the  theoretical  diagram,  Fig.  51.  On  closing  the 
battery  circuit,  the  galvanometer  is  permanently  de- 
flected, and  the  resistances  are  adjusted  until  the 
deflection  is  (if  possible)  unaffected  by  opening  and 
closing  K.  Then  B denoting  the  battery  resistance, 
we  have 

Brg  = whence  B = — — 51. 

As  the  galvanometer  is  most  sensitive  when  its  deflection  is  small,  a 
compensating  magnet  is  usually  placed  near  it,  in  order  to  bring  the  needle 
back  to  zero.  It  should  be  observed,  however,  that  the  needle  is  then  in  an 
unfavourable  condition,  being  constrained  by  the  strong  field  due  to  the 
magnet. 

In  practice  it  is  found  extremely  difficult  in  most  cases  to  so  adjust  the 
resistances  that  the  galvanometer  shall  be  absolutely  unaffected  by  making 
and  breaking  contact  at  K.  This  difficulty  arises  from  the  change  in  the 
electromotive  force  of  the  battery  occasioned  by  the  alteration  in  the  total 
resistance  which  opposes  it.  This  variation,  however,  does  not  take  place 
instantaneously.  It  requires  time  before  becoming  perceptible,  and  it  is 
gradual  in  its  development. 

If  the  bridge  be  very  nearly  balanced,  then  on  depressing  K the  needle 
will  start  off  with  a sudden  jerk  which  will  be  followed  by  a slow  increasing 
swing.  The  first  effect  is  due  to  the  deviation  of  the  bridge  from  balance, 
and  the  second  to  the  fall  in  the  electromotive  force. 

To  find  the  battery  resistance  as  accurately  as  possible  by  this  method, 
it  is  necessary  to  alter  the  resistances  so  that  the  sudden  jerk  and  the 
gradual  swing  shall  be  in  opposite  directions.  Should  the  latter  be  con- 
siderable, it  may  be  reduced  to  a convenient  limit  by  inserting  a resistance 
in  the  battery  circuit.  The  former  is  then  worked  down  by  varying  the 
adjustable  resistance  until  the  needle  is  observed  to  start  oft*  gently  on  its 
swing. 

Then  B = — — in  which  B denotes  the  whole  resistance  in  the  branch 
^2 

D C.  By  subtracting  the  additional  resistance  that  may  have  been  intro- 
duced, we  obtain  that  of  the  battery. 

Dr.  O.  J.  Lodge  has  devised*  a means  of  making  this  test  which  is 
practically  independent  of  the  variation  of  the  electromotive  force.  The 


* Pliil.  Mag.,  June,  1877. 
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Lodges  Method. 


theoretical  arrangements  are  shown  in  Fig.  52,  where  L is  a condenser 
inserted  in  the  galvanometer  circuit.  When  K is  depressed  the  condenser  is 
charged ; there  is  a corresponding  throio  of  the  galva- 
nometer needle,  after  which  it  returns  to  its  position 
of  rest.  Should  any  variation  of  charge  occur,  it  will 
manifest  itself  on  the  galvanometer  by  a “kick”  pro- 
portional to  the  extent  of  the  variation.  The  ampli- 
tude of  the  initial  throw  is  observed,  and  then  worked 
down  by  altering  the  adjustable  resistance  until  it 
is  finally  eliminated.  Then  the  galvanometer  will  be 
absolutely  unaffected  by  making  and  bi’eaking  contact  at  K. 

This  test  requires  two  keys,  one  in  the  battery  and  the  other  in  the 
galvanometer  circuit,  and  they  should  be  constructed  so  that  the  latter 
may  be  broken  the  instant  after  the  former  is  short-circuited.  In  this  way 
the  test  may  be  completed  in  an  exceedingly  short  period  of  time,  and  before 
any  appreciable  change  in  the  electromotive  force  can  take  place. 

With  this  modification,  Mance’s  becomes  a stricly  null  method. 

The  amplitude  of  the  throw  of  the  needle  depends  upon  the  galvanometer 
constant,  which  is  itself  a function  of  the  number  of  windings.  Hence  a gal- 
vanometer with  a great  many  turns  of  wire  is  the  most  sensitive  for  this  test. 

Another  excellent  method  has  been  lately  introduced  by  Mr.  J,  Munro 
and  Dr.  A.  Muiihead.  It  is  a modification  of  Kempe’s  bat- 
tery resistance  test.  The  battery,  condenser,  and  galvano- 
meter are  connected  up  as  shown  in  Fig.  53. 

On  striking  down  h.2,  there  is  a rush  of  electricity  which 
is  equivalent  to  an  instantaneous  current,  and  which  charges 
up  the  C(.mdenser  C through  the  galvanometer,  giving  a throw  d.^. 

If  II  be  the  insulation  resistance  of  the  condenser,  G the  resistance 
of  the  galvanometer,  and  r that  of  the  battery,  then 


d.,  = ^ whence  E = (G  + R + r) 

G -I-  K -t-  r - ' ' 

Still  keeping  closed,  k^,  which  introduces  the  shunt  S })laced  between 
the  poles  of  the  battery,  is  depressed  and  the  resulting  throw  d^  read  off. 
This  current,  which  is  opposite  in  direction  to  the  former,  is  due  to  the  fall 
of  potential  caused  by  the  introduction  of  the  shunt. 

The  reduced  charge  of  the  condenser  would,  therefore,  give  a discharge 
defiection  equivalent  to  d^  — di. 

By  inserting  the  shunt,  the  interpolar  resistance  consisting  of  the 


Miinro  and  Muirhead's  Method. 
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multiple  arc  formed  by  the  condenser  R and  galvanometer  G as  one  branch 
and  the  shunt  S as  the  other,  is 

(C^  R)  S 
G + R + S 

And  the  battery  current  is 

E 

(G  + R)  S 
^ ^ G + R + S 


The  current  which  charges  the  condenser  and  would  give  the  throw 
d-i  — dy  is,  therefore, 

E ^ S 

(G  + R)  S ^ G + R + S 
’ ^ G + R + S 


d.,  _ r (G  + R + S)  + (G  + R)  S 

''d.^-d,  S(r  + R + G) 


or  dividing  down  by  R 


Since  R is  very  great  in  comparison  with  the  other  quantities,  we  may 


put 


Whence 


G _ Q _ S _ r 
R “ “ R “ R 

, d.,  _ r + S 

d.y  — dy  S 

d. 


0?.,  — dy 


S 


The  determination  of  dy  can  be  made  within  a small  fraction  of  a second, 
and  consequently  before  any  perceptible  polarisation  can  set  in. 

The  values  dy  and  d2—dy  may  be  directly  observed  by  manipulating  as 
follows  ; 

First  close  hy  and  immediately  afterwards  Jc2.  The  deflection  obtained 
corresponds  to  d2  — dy.  Then  open  k2  and  immediately  after  that  open  ky. 
On  again  closing  F,,  the  new  deflection  will  give  dy. 

This  method  of  operating  has  the  practical  advantage  of  giving  the 
deflections  in  one  and  the  same  direction. 

Ex.  With  three  small  Leclanche  cells,  a condenser  of  m.f.  capacity 
and  a shunt  of  40  ohms,  the  initial  throw  c?2  was  220  divisions  of  the  scale  ; 
on  shunting  the  battery,  the  throw  dy  was  80. 

F 2 


High  Resistances. 


as 


The  resistance  of  the  battery  was  therefore 


80 

140  ^ 


40  = 22.8  ohms. 


Very  high  resistances  may  be  determined  (1)  from  the  fall  of  potential 
over  a known  resistance  with  which  the  unknown  is  connected  ; and 

(2)  From  the  rate  of  fall  of  potential  of  a condenser  of  known  capacity 
when  discharging  through  the  unknown  resistance. 

Let  R,  Fig.  54,  be  the  known  and  x the  unknown 
resistance.  One  pole  of  the  battery  is  connected  to  A, 
the  other  pole  as  well  as  the  end  C being  put  to  earth, 
or  connected  up  together.  Fig.  54. 

The  fall  of  potential  from  A to  C is  gradual.  By  connecting  the 
electrometer  electrodes  to  A and  C,  the  deflection  is  proportional  to  the  fall 
over  A C.  Let  this  be  denoted  by  the  perpendicular  A F.  Shifting  one 
electrode  from  A to  B,  the  new  deflection  will  be  proportional  to  the  fall 
over  B C,  viz.,  B D.  As  the  fall  from  A to  C is  gradual,  F D C will  be  a 
straight  line,  and  by  similar  triangles  we  have 


AF:BD  = R+a;:a; 

whence  x is  known. 

For  the  electrometer  we  may  substitute  a condenser.  Connecting  the 
terminals  to  A and  C,  the  discharge  deflection  will  be  proportional  to  the 
difference  of  potentials  between  A and  C,  viz.,  A F.  By  charging  up  over 
B C,  the  discharge  deflection  will  give  B D, whence  x may  be  found  as  above. 

The  insulation  resistance  of  a submarine  cable  may  be  determined  by 
this  method. 

If  required  to  find  the  resistance  of  an  incandescence 
lamp  when  hot,  we  might  connect  up  as  in  Fig.  55,  where 
B C denotes  the  lamp,  T G a torsion  galvanometer,  and  R 
a known  resistance  made  of  thick  uncovei-ed  wire.  55. 

By  connecting  T G to  end  of  the  resistance  A and  the  lamp  terminal  C, 
we  get  the  fall  of  potential  over  the  known  and  unknown  resistances.  Then 
disconnecting  at  A and  joining  up  with  B,  we  get  the  fall  over  the  lamp  alone. 

As  an  example,  let  R be  2.7  ohms,  and  the  fall  over  R and  lamp  give 
a discharge  deflection  of  38  divisions,  whilst  that  over  lanq)  alone  gives  34, 

We  then  have 

38  : 34  = 2.7  + X : X 


whence  x = 23  ohms  = resistance  of  lamp  when  hot. 

The  torsion  galvanometer  may  be  replaced  in  this  measurement  by  a 
voltmeter  or  a potential  galvanometer. 


Insvlation  Resistance. 


r>9 


The  instdation  resistance  of  condensers  as  well  as  of  cables  is  usually 
found  from  the  rate  of  fall  of  potential.  Thus  let  a condenser  whose  capacity 
in  microfarads  is  C be  charged  up  to  a potential  Vj,  and  after  T seconds  let 
this  have  fallen  to  V2.  Then  the  resistance  R of  the  condenser,  expressed 
in  megohms,  is  given  by 


R = 


0 loge  ^ 


Ex.  A condenser  whose  capacity  was  g^th  of  a microfarad  when  charged 
by  a DanielFs  cell,  gave  an  instantaneous  discharge  Vi  of  49  scale  divisions, 
after  one  second  of  41  divisions,  and  after  four  seconds  of  25  divisions. 

Here 


R = 


log, 

.57 


49 

41 


1 X .43 


I 49 

W 41 


= 318  megohms. 


Ex.  To  find  the  insulation  resistance  of  a cable,  one  end  of  the  core  was 
insulated,  the  other  being  connected  with  the  positive  pole  of  a battery. 
The  negative  pole  was  connected  with  a metal  strip  placed  in  the  water  in 
which  the  cable  was  immersed.  The  cable  (^g^^m.f)  when  charged  up  to 
the  full  potential  of  the  battery,  gave  a discharge  deflection  Vi  of  61 
scale  divisions.  On  being  recharged  and  then  insulated  for  30  seconds,  the 
discharge  deflection  Vg  was  36.  The  resistance  of  the  cable  was  therefore 

30  X .43  . , 

^ = 504  megohms. 


This  is  the  mean  resistance  of  the  cable  during  the  30  seconds ; for, 
owing  to  what  is  called  electrification,  the  insulation  appears  to  improve 
with  time.  Thus  if  a battery,  eable,  and  galvanometer  be  joined  up  in 
circuit,  it  will  be  observed  on  closing  the  circuit  that  the  deflection  of  the 
galvanometer  decreases  very  rapidly  at  first,  then  very  gradually,  becoming 
practically  stationary  after  a certain  time. 

This  phenomenon  is  but  imperfectly  understood.  Whether  due  to 
polarisation  or  not,  its  electrical  effect  is  equivalent  to  an  increase  in  the 
resistance  of  the  insulating  material  of  the  cable. 

The  insulation  resistance  of  conductors  covered  with  gutta-percha  for 
electric  lighting  or  subterranean  telegraph  lines  is  determined,  in  practice, 
by  the  same  method  which  is  used  for  measuring  the  insulation  of  ordinary 
telegraph  lines. 

It  consists  in  insulating  one  end  of  the  conductor  which  is  then  charged 
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through  a galvanometer.  The  leakage  of  electricity  from  the  charged  con- 
ductor to  the  earth  or  Avater  with  Avhich  the  insulating  surface  may  be  in 
contact,  will  manifest  itself  on  the  galvanometer  by  a steady  current.  By 
comparing  this  current  with  that  given  when  the  charging  battery  is  closed 
over  a known  resistance,  we  may  deduce  the  insulation  of  the  conductor. 

Thus  suppose  that  with  10,000  ohms  in  circuit,  we  get  a deflection  of 
1 5 divisions  of  the  scale,  then  the  resistance  required  for  a deflection  of  one 
division  would  be  10,000  x 15  = 150,000  ohms.  This  gives  what  is  called  the 
constant. 

If  the  insulating  material  of  a conductor  charged  from  the  same 
battery,  gave  a deflection  of  five  divisions,  we  should  infer  that  its  re- 
sistance is  ^^^’^^^^-  = 30,000  ohms.  If  its  length  were  100  yards,  and  we 
assume  that  the  leakage  is  uniform  over  the  line,  then  the  resistance  per 
yard  would  be  30,000  x 100  = 3,000,000  ohms  or  3 megohms.  This  is 
obvious,  for  the  greater  the  length,  the  greater  also  Avill  be  the  leakage 
and  the  less  the  insulation.  Therefore  the  total  insulation  resistance  varies 
inversely  as  the  length  of  the  conductor. 

The  preceding  formula  enables  us  to  find  the  time  required  for  the 
charge  of  a condenser,  or  a cable,  to  fall  to  any  fraction  of  its  initial  value. 
In  cable  testing,  the  time  of  falling  to  half  charge  is  often  taken  as  a unit 
of  comparison. 

This  might  be  found  directly  from  experiment ; but  as  such  a determi- 
nation would  entail  much  time  and  trouble,  it  is  usual  to  calculate  it  from 
two  observations  of  potential  and  the  knoAAm  interval  of  time  between  them. 

Thus  from 

0 log.o  if 


we  get 


T,  = lo. 

1 .43  V., 


where  ^ denotes  the  constant  factor  - 


RC 


.43 


A log 


The  time  T2  required  to  fall  from  Vj  to  V3  is 

V, 


= A l0£ 


J2 

T. 


% 

Vi 

V, 


Jog  v' 

'.S 


Jog  V ■ 

^ 2 


Whence 


D/sclian/e  DeJIections  from  Shunted  G(dvanometers. 
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For  half-charge,  Vg  = ^ 


T, 

T, 


l0£i 


Whence 


log  V 

2 


To  = Tj 


log  2 


lo« 


which  gives  the  required  time  T2  in  terms  of  known  quantities. 
Applying  this  to  the  first  example  on  page  69,  we  get 
.3010300  .3010300 


Tg  = 1 X 


49 
log  41 


.0774122 


3.89  seconds. 


From  the  experimental  data,  we  see  that  in  four  seconds  the  potential 
fell  from  49  to  25. 

In  measuring  discharge  deflections,  it  is  often  necessary,  in  order  to  get 
a scale  reading,  to  shunt  the  galvanometer,  the  true  deflection  being  taken 
as  equal  to  the  reading  multiplied  by  the  multiplying  power  of  the  shunt. 

It  will,  however,  be  found  that  the  deflection  without  the  shunt,  when 
on  the  scale,  is  slightly  greater  than  the  deflection  thus  calculated. 

This  discrepancy  was  first  pointed  out  by  Mr.  Latimer  Clark*,  and 
traced  by  him  to  the  induced  currents  set  up  in  the  galvanometer  coils  by 
the  swing  of  the  needle. 

This  effect  should  be  estimated  and  allowed  for 
in  all  discharge  deflections  with  a shunted  galvano- 
meter. 

If  Cl  be  the  current  through  the  galvanometer 
whose  resistance  is  denoted  by  G,  Fig.  56,  ft  that 
through  the  shunt,  resistance  S,  and  a that  through 
the  condenser,  resistance  R,  we  have 

a = iS  + Cl  . 

Also  from  the  circuit  formed  by  the  condenser,  galvanometer,  and 
battery,  we  have 

a R + Cl  G = E - e. (2) 

where  Cj  is  the  opposing  E.M.F.  produced  by  the  swing  of  the  needle. 

From  the  circuit  formed  by  the  condenser,  shunt,  and  battery,  we  have 

a R -f  /8  S = E (3) 

Taking  the  value  of  d from  (1)  and  substituting  it  in  (3),  we  get 

a R -f  (a-Cp  S = E 


Fig.  56. 


(1) 


Jour.  Soc.  Tel.  Engineers,  January,  1873. 


72 


Dischcm'ge  Deflections. 


or, 

a (R  + S)  - S Oj  = E (4) 

Eliminating  a between  (2)  and  (4),  we  get 

R (Cj  G + ej)  + S (Cj  G + cj)  + S (R  O^-E)  = 0 
or, 

(R  + S)  (OiG  + ed  + S (R  Oj-E)  = 0 . . (5) 


On  removing  the  shunt,  the  discharge  gives 

_ ^ ~^2 
^2  - K + G 


where  e^  is  the  new  opposing  E.M.F. 

Solving  for  E and  substituting  in  (5),  we  get 

(R  + S)  (Cl  G + ep  + R S Cl  - S (C^  R + C2  G-e,)  = 0 


As  the  opposing  E.M.F.  is  proportional  to  the  discharge,  we  may  put 

gj  = k Cl  and  62  = ^ Co. 

.-.  (R  + S)  (Cl  G + A:  Cl)  + R S Ci-S  (C,  R + C2  G-A;  C2)  = 0 
Dividing  down  by  R,  this  becomes 

(1  +1)  (G  + A:)  C1  + SC1-SC2  (1  +|-;^)=0 

Observing  that  R is  comparatively  very  great,  we  may  put 

S G A; 

E ^ rT  ^ r ^ ^ 

Therefore  finally 

(G  + AO  Cl  + S Cl  - S C2  = 0 

Whence 

p,  G + A'  + S „ 

O2  — 0, 


To  determine  k,  we  charge  a condenser  and,  using  a shunt  equal  in 
resistance  to  that  of  the  galvanometer,  note  the  discharge  deflection  dj. 

Taking  a second  condenser  of  half  the  capacity  of  the  former,  we  charge 
it  up  from  the  same  battery,  and  observe  the  deflection  obtained  without 
a shunt. 

It  is  then  obvious  that  2 d.2  is  the  deflection  which  we  should  have  got 
from  the  first  condenser  had  no  shunt  been  used,  and  this  must  equal  dj 
multiplied  by  the  multiplying  power  of  the  shunt.  That  is 


t/C  + A + S'^  j ^2  a + A:'^ 

2 4 = rf,  (—«---)  ) 

This  gives  the  value  of  k. 

Ex.  Using  a condenser  of  a microfarad  and  a shuut  equal  in  resistance 
to  the  galvanometer  (3000  ohms),  d^  was  156  scale  divisions.  With  4 m.f. 
and  no  shunt,  d^  was  160  divisions. 

Therefore, 


GOOD  + A 


Electromotive  Force:  Condenster  Method. 
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Whence 

^ = 154  ohms. 

When,  therefore,  this  particular  galvanometer  is  used  to  measure 
discharge  deflections,  the  multiplying  power  of  any  shunt  should  be  taken  as 

G + 154  + S 

s 

The  electromotive  force  of  a battery  and  the  difference  of  potentials 
between  two  points  of  a conductor  conveying  an  electric  current,  may  be 
found  in  absolute  measure  by  means  of  an  absolute  electrometer  or  by  an 
ordinary  electrometer  whose  constant  is  known. 

It  is  seldom,  however,  that  an  absolute  electrometer  is  available,  and 
hence  the  comparative  methods  which  are  used. 

The  E.M.F.  of  a battery  is  often  found  by  comparison  with  a standard 
cell.  Thus, 

Connecting  an  ordinary  quadrant  electrometer  with  a Latimer  Clark’s 
element,  a deflection  of  60  scale  divisions  was  obtained,  whilst  a certain 
cell  whose  electromotive  force  E was  required,  gave  a deflection  of  54. 

Therefore  we  have 


60  : 54  = 1.457  : E 

Whence 

E = 1.31  volts. 

In  all  such  measurements,  we  may  replace  the  electrometer  by  a con- 
denser and  suitable  galvanometer.  Thus  a ^ m.f.  charged  from  a Daniell’s 
cell,  gave  a discharge  deflection  of  180  scale  divisions,  whilst  the  deflection 
when  the  condenser  was  charged  from  a Plante’s  secondary  cell  was  390. 

Here 

180  : 390  = 1.08  : E 

Whence 

E = 2.34  volts. 


In  the  above,  it  is  assumed  that  the  electromotive  force  of  a 
cell  is  1.457  volts  and  that  of  the  standard  Daniell  1.08  volts. 

A method  of  compensation  due  to  Poggendorff  is  often  used  for 
comparing  the  electromotive  forces  of  two  batteries. 

The  principle  of  this  test  will  be  understood  from 
Fig.  57,  where  E^  and  E2  are  the  electromotive  forces 
which  we  have  to  compare,  and  r^  the  resistances 
of  the  batteries,  whilst  and  r^  are  adjustable  resist- 
ances. In  the  circuit  of  Eg  there  is  a zero  galvano- 
meter of  resistance  i\.  The  connections  are  made  so 
that  Ej  and  E2  tend  to  send  a current  in  the  same 
direction. 


Fig.  57. 
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Poijgendorff’s  Meth  od. 


Froi]i  Kirclioft‘’s  laws  we  have 

^2  + ‘'4  = C3 (1) 

^2  (^l+»2)  + ^^3  »'.i  = El (2) 

C4  (»'4  + ^5)  + C.,r3  = E., (3) 

Subtracting  (2)  from  (3)  we  get 

^4(r4  + rs)  - C3  (rj  + r^)  = E,  - Ej (4) 

Substituting  in  (2)  the  value  of  Cg  from  (1),  we  get 

(^'i  + ^2  + ^3)  + ^4  ^3  = Ej (5) 

Eliminating  between  (4)  and  (5), 

^ ^ (E2— Ed  (^i  + r.^  + r^)  + E^  (r^+r,) 

" ^3  (’*1  + ^’2)  + (^4  + ^5)  b’l  + n + ^3) 


When  the  resistances  are  adjusted  so  that  the  galvanometer  indicates 
no  current,  we  must  have  = 0.  Therefore, 

(E2-E1)  C^i  + ^2  + ^3)  + El  (n  + nd  = 0 


Whence 

+ (6) 

E2  ^3 

This  expression  contains  the  battery  resistance  i\.  We  may  eliminate 
this  quantity  by  a second  measurement,  in  which  r.2  is  changed  and  altered 
until  there  is  again  no  galvanometer  deflection. 

Let  the  new  values  of  and  be  R2  E-s  respectively. 


Then  Ej  rj  + Rg  + Rg 

Eg  Rg  ' • • 

From  (6), 

E2  (■'’i+rg  + rg)  = Ejrg 

From  (7), 

Eg  (rj  + Ea  + Eg)  = Ej  Rg 

By  subtracting. 

Eg  (Rg  + Rg-rg-rg)  = Eg  (Rg-rg) 

Whence 

El  _ CEg  + Rg)  — (rg  + »g) 

E2  ^ Eg-rg 


which  gives  the  required  ratio  in  terms  of  known  (luantities,  and  without 
involving  the  battery  resistance. 

This  method  would  be  perfect  if  we  had  an  al)solutely  constant  standard 
(E2)  of  E.M.F.,  and  if  the  electromotive  force  of  batteries  were  independent 

of  the  resistance  in  circuit.  We  know,  however,  that  Ej  does  depend  uj)on 

E 

the  interpolar  resistance  and  Cg,  and  hence  the  ratio  will  be  slightly 

different  for  different  values  of  these  variables. 

This  source  of  inaccuracy  may  be  eliminated  by  a valuable  modification, 


Clark’s  Compensation  Method. 
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clue  to  Mr.  Latimer  Clark,  of  the  former  method,  in  which  the  comparison 
is  made  when  neither  the  trial  battery  nor  the  standard  cell  is  sending  a 
current,  and  consec|uently  also  errors  ai  ising  from  polarisation  are  entirely 
avoided. 

For  the  sake  of  brevity,  equation  (6)  may  be  written 

El  _ R 


where  R is  the  total  resistance  in  the  circuit  of  the  standard  cell  Ej. 

In  Fig.  58,  Eg  and  Eg  are  the  electromotive 
forces  to  be  compared,  F is  an  auxiliary  battery 
whose  electromotive  force  is  E^,  and  the  total 
resistance  in  its  circuit  is  denoted  by  R. 

When  the  point  C on  the  slide  resistance 
A D has  been  found  such  that  the  galvanometer 
Gg  is  undeflected,  we  have 


E,  “ AC 

Similarly  when  the  point  B has  been  taken  such  that  the  needle  of  Gg 
stands  at  zero,  we  have 

^ _ R 
E.j  ~ A R 

Whence 

Eg  _ AC 
% ~ AB 


and  this  expression  is  independent  of  the  variations  of  Ej  and  of  R. 

This  relation  may  also  be  deduced  in  the  following  simple  manner  : The 
current  C given  by  the  battery  F is 

Also  the  potential-difference  Eg  between  A and  B. 

E 

=CxAB=^xAB 

Similarly  the  potential-difference  Eg  between  A and  C, 

= CxAC  = X AC 

Therefore, 

h.  - 

E3  “ AB' 

If  Eg  were  absolutely  constant,  the  electromotive  force  of  any  battery 
could  be  very  accurately  given  in  terms  of  such  a standard. 

For  many  purposes  Latimer  Clark’s  cell  is  used  as  a standard,  its 
electromotive  force  being  taken  as  1,457  volts, 
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Suj>erior  Limit  of  Electromotive  Force. 


For  the  ready  application  of  this  method,  Mr.  Latimer  Clark  has 
devised  his  Potentiometer.  The  slide  resistance  consists  of  a platinum- 
iridium  wire  of  40  ohms,  wound  helically  round  an  ebonite  cylinder.  The 
edge  of  this  cylinder  is  accurately  divided  into  1000  parts  ; and,  as  the  wire 
makes  twenty  complete  turns,  it  is  practically  divided  into  20,000  equal 
parts,  each  having  a resistance  of  ^J^yth  (Yotuou)  of  ohm.  By  means  of 
a very  delicate  galvanometer,  it  is  found  possible  with  this  instrument  to 
attain  an  accuracy  of  the  of  the  electromotive  force  of  a 

Daniell’s  cell. 

The  superior  limit  of  the  electromotive  force  of  a battery  may  be  deter- 
mined from  the  energies  of  combination  of  the  metals  and  the  electrolyte. 
This  was  first  pointed  out  by  Sir  William  Thomson  in  his  two  remarkable 
papers  on  the  dynamical  theory  of  electrolysis,  published  in  the  Philoso- 
phical Magazine  for  1851, 

Thus  in  a Daniell’s  cell  we  may  consider  the  chemical  work  done  to  be, 
on  the  one  hand,  the  combination  of  zinc  with  sulphuric  acid,  forming  zinc 
sulphate  ; and,  on  the  other,  the  precipitation  of  copper  in  the  metallic 
state  from  the  sulphate.  The  former  action  is  attended  by  the  evolution 
and  the  latter  by  the  absorption  of  a definite  quantity  of  heat. 

According  to  Julius  Thomsen,  1670  thermal  units,  or  water-gramme- 
degrees  Centigrade,  are  given  out  when  one  gramme  of  zinc,  and  881 
when  one  gramme  of  copper  dissolves  in  sulphuric  acid. 

If  unit  current  ampere)  pass  through  the  cell  for  unit  time,  one 

electro-chemical  equivalent  of  zinc  (.003412  gm.)  will  dissolve,  thus  giving 
out  .003412  X 1670  thermal  units,  while  an  electro-chemical  equivalent  of 
copper  (.003307  gm.)  will  be  deposited,  thereby  absorbing  .003307  x 881 
thermal  units. 

If  we  assume  that  the  difterence  between  these  two  quantities  is 
entirely  transformed  into  the  energy  of  the  electric  current,  we  shall  have 
for  the  superior  limit  of  the  resulting  electromotive  force  E of  a DanielPs 
cell 

(.003412  X 1670-.003307  x 881)  x 42  x 10" absolute  units, 
where  42x10®  is  Joule’s  mechanical  equivalent  for  one  water-gramme- 
degree  Centigrade. 

Therefore, 

E = 1.167)  X 10"  = 1.16.5  volts. 

The  capacity  of  a condenser  is  usually  determined  in  practice  by  com- 
parison with  a standard  condenser  of  known  capacity. 


Capacity  of  Condensers. 
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It  may,  however,  be  found  independently  in  absolute  measure. 

It  may  be  shown*  that  the  quantity  Q of  electricity  in  a transient 
current  such  as  that  of  a condensei-,  is  given  by 

Q = 2 sin  10 (1) 

Ijr  7T 

Where  H denotes  the  earth’s  horizontal  force. 


G ,,  constant  of  the  galvanometer. 

T „ time  of  a semi- vibration  of  the  galvanometer  needle. 

0 ,,  first  elongation  or  throw  of  the  needle. 

Then  if  E be  the  electromotive  force  and  R the  resistance  in  the  circuit 
of  the  battery,  we  have  the  current  strength 


n E H,  , 

C = = - tan  4>, 

where  denotes  the  angular  deflection  of  the  galvanometer. 
Therefore, 

G R tan  ^ 


Also  the  charge  Q = F E,  where  F denotes  the  capacity  of  the  con- 
denser. 

Therefore  from  (1) 


F E = - 


E 


7T  R tan 


2 sin  I 6 


And 


F = 


7T  R tan  ^ 


2 sin  h 0 


• (2) 


This  assumes  that  the  needle  swings  in  an  unresisting  medium.  There 
is,  however,  always  some  damping  arising  from  the  reaction  of  the  induced 
currents,  caused  by  the  swinging  magnet  as  well  as  from  the  viscosity  of  the 
air  and  of  the  suspending  fibre.  If  the  logarithmic  decrement  A.  be  not 
great,  these  disturbing  effects  will  be  practically  eliminated  by  writing  in  (2) 


(1+1  A)  0 for  2 sin  i0. 


We  therefore  get  for  the  working  formula 

7T  R tan  (j) 

The  connections  for  this  determina- 
tion may  be  made  as  in  Fig.  59.  Un- 
plugging a very  high  resistance,  say 
10,000  ohms,  and  inserting  the  galva- 
nometer in  the  battery  circuit,  we  find 
tan  The  galvanometer  is  then  con- 
nected with  the  binding  screws  D and 
K of  a suitable  discharge  key. 


Fig.  59. 


* Maxwell,  Art.  748. 
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Absolute  Ca^yaeitij. 


The  figure  shows  one  terminal  of  the  condenser  C connected  with  S 
through  the  binding  screw  B and  the  cross-piece  I ; the  other  coating  of 
the  condenser  is  connected  with  P through  A,  and  the  other  end  of  the 
resistance  B with  the  binding-screw  G. 

Consequently  by  depressing  P the  condenser  is  charged,  the  charging 
electromotive  force  being  the  potential-difference  between  the  points  S and  R. 

Releasing  P and  snapping  down  K,  we  discharge  the  condenser  through 
the  galvanometer  and  obtain  the  elongation  6.  While  the  needle  is  swing- 
ing, we  note  down  its  successive  turning  points  and  thence  deduce  the  log 
decrement  x. 

Ex.  To  find  in  absolute  measure  the  capacity  of  a certain  condenser,  a 
Daniell’s  cell,  a galvanometer  of  3000  ohms,  and  a resistance  box  were  con- 
nected up  in  simple  circuit.  To  keep  the  spot  of  light  on  the  scale  a 
shunt  was  used.  The  resistance  of  the  shunted  galvanometer  was  thus 


1 

1 ^ 


_G 

100 


= 30  ohms. 


Hence  to  maintain  a circuit  resistance  of  10,000  ohms,  a resistance  of 
9970  ohms  was  unplugged  in  the  box. 

The  deflection  of  the  galvanometer  was  9.5  millimetre  divisions,  the 
scale  being  730  mm.  from  the  mirror. 

Therefore, 


neglecting  a small  correction.*  Discharging  the  condenser  through  the 
galvanometer  the  throw  was  5 scale-divisions. 

Hence 

6 = -^^ 

730  X 2 

The  number  of  divisions  traversed  by  the  spot  of  light  was  succes- 
sively 

93  78  65  54  46  39  33 

from  which  a mean  value  for  \ was  found  to  be  .171. 

The  time  t was  determined  from  a number  of  observations  of  the  time 
of  20  semi-vibrations,  the  mean  value  being  1.8  seconds. 

The  capacity  P of  the  given  condenser,  expressed  in  farads,  is  therefore 


1.8  X 1.085  X 


730  X 


22  9 5 

17  X 10,000  X — 1 X 100. 

7 7.30  x2 


* A ntc  page  3(i. 


Capacity  from  Galvanometer  Throw. 
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The  last  factor  (100)  in  the  denominator  is  inserted  to  get  the  deflection 
which  would  have  been  obtained,  had  it  been  possible  to  dispense  with  the 
shunt. 

Therefore, 

F,  in  farads,  = ^^  =.327  microfarads. 


Having  a condenser  of  know  capacity,  that  of  any  other  condenser  may 
be  found  from  the  throw  of  the  galvanometer  ; for 


And 


Therefore, 


Fj  2 sin  1 

7T  R tan  ^ ^ 


F — ^ sin  1 0 


Fj_sin  1 (9i 


F„ 


If  n be  the  number  of  scale  divisions  in  the  deflection,  and  r be  the 
distance  from  the  scale  to  the  mirror,  we  know  that 

As  the  angular  displacement  of  the  magnet  is  always  small,  we  may 
neglect  the  second  term  in  the  above  expression  and  write 


• 1 /»  tv 

sin  A 6 = — - 
^ 4 r 


Whence 


^2  ^2 

Ex.  A condenser  of  ^ m.f.  when  charged  over  a certain  resistance 
through  which  a current  was  passing,  gave  a throw  of  75  divisions  of  the 
scale,  whilst  a second  condenser  when  charged  over  the  same  resistance  gave 
a deflection  of  50  scale  divisions. 

Therefore, 

75;50  = J:F. 

Whence 

F = f m.f. 

The  capacity  F2  of  a condenser  is  often  found  liy  sharing  its  charge 
with  a condenser  of  known  capacity  F ^ . 

The  charge 

Q = F,V, 

When  this  is  shared,  the  potential  falls  to  V2  and  we  have 

Q = (Fj  + F2)V, 

F,  V,  = (F,  + F,)  V, 


Therefore 
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Capacity  of  Submarine  Cables. 


Whence  _(Vi-V2)p 

V., 

Ex.  A ^ m.f.  charged  from  a Daniell’s  cel]  gave  a discharge  deflection 
of  62  divisions ; when  the  charge  was  shared  with  a small  mica  con- 
denser the  deflection  Vg  fell  to  38. 

Therefore, 

F.  = ^x|l=-211  m.f. 

The  capacity  of  a submarine 
cable  may  be  found  in  the  same 
way.  One  end  L,  Fig.  60,  of  the 
cable  is  insulated  ; a metal  strip  S 
being:  immersed  in  the  water  serves 
to  make  contact  with  the  outer 
coating  (the  water)  of  the  cable. 

To  avoid  leakage  over  the  surface, 
the  gutta-percha  near  the  insulated  end  L is  pared,  and  then  steeped  in 
melted  paraffin  wax. 

Closing  Ki  and  then  successively  depressing  and  relieving  P and  Q,  we 
charge  and  discharge  the  condenser,  thus  getting  a deflection  corresponding 
to  Vi.  Inserting  the  plug  in  the  condenser,  we  insure  that  there  is  no 
residual  accumulation.  Putting  down  P,  we  again  charge  C ; relieving  P 
and  closing  Kj,  we  share  the  charge  with  the  cable.  Opening  K2  and  snap- 
ping down  Q we  get  the  discharge  deflection  corresponding  to  Vg.  This 
completes  the  data  required  for  determining  the  capacity  of  the  cable. 

Ex.  A m.f.  when  fully  charged  gave  a discharge  deflection  of  62 
divisions.  After  recharging  and  connecting  with  a piece  of  cable,  the 
second  discharge  was  60  divisions. 

The  capacity  of  the  cable  was,  therefore,  ^ x e^(j  = Tj-y  microfarad. 

The  capacity  of  condensers  may  also  be  compared  by  charging  them 
up  over  known  resistances.  These  should  be  constructed  so  as  to  eliminate 
the  effects  of  self-induction.  Ordinary  resistance  coils  may  be  used. 

Let  the  distribution  of  potentials  at  any 
instant  be  as  marked  in  Fig.  61.  The  condi- 
tion that  there  shall  be  no  current  through 
the  galvanometer  is  that 

V,  = V, 


• (1) 


Therefore, 


V - V,  = V - V, 


Fig.  61. 


Capacity  from  Rate  of  Fall  of  Potential. 
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We  also  have  the  current 


And 


h = 


V-V, 


r„  = 


V— V. 


>(2) 


But  in  a small  time  dt  the  quantity  of  electricity  that  flows  through  i\  is 
Ij  dt,  and  this  gives  the  condenser  a charge  d Vj 

Fj  fZVj  =Ii  dt 

And  similarl}^ 

= I.,  dt. 

If  the  increments  of  potential  are  equal,  as  they  must  be  for  no  galvano- 
meter deflection,  we  have  by  dividing  these  last  equations, 

i^o  u Ti  V — Vo  r 

Whence 

Fj  r,  = F,  rj. 

When  this  relation  holds,  we  know  that  Vg  throughout  the  period  of 
charging,  and,  consequently,  there  can  be  no  deflection  in  the  galvanometer. 

Ex.  Using  a Leclanche  cell  and  unplugging  2200  ohms  {i\)  in  one 
branch  of  a resistance  box  which  was  connected  with  a condenser  of 
capacity  F^,  the  galvanometer  deflection  was  gradually  worked  down  by 
varying  the  resistance  in  the  other  branch  which  was  connected  with 
a condenser  of  capacity  Fg,  the  needle  standing  at  zero  when  -?*2  was 
1465  ohms. 

Therefore, 

F,  1465  2 1 

= = 4 very  nearly. 

F„  2200  ^ ^ 

The  condenser  whose  capacity  is  denoted  by  Fa  was  ^ m.f. 

Therefore, 

U = I X f = 3- 

The  capacity  of  a condenser  may  also  be  found  from  the  rate  at  which 
it  discharofes  through  a known  resistance. 

We  have  already  seen*  that  a very  high  resistance  may  be  determined 

from 

.434  T 
R=  y- 


S logio 


V. 


where  S is  the  capacity  of  a condenser  and  T the  time  required  for  the 


* See  page  60. 
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potential  to  fall  from  Vj  to  Vg,  the  condenser  discharging  itself  through  a 
resistance  R. 

If  we  know  R,  then  S can  be  found  from 

■ 434  T 
Rlogio^* 

As  it  is  the  ratio  of  the  potentials  that  appears  in  the  above  expres- 
sion, these  may  he  reckoned  in  any,  the  same,  arbitrary  unit. 

This  ratio  should  be  taken  nearly  equal  to  3 or  to  £ (2.718)  the  base 
of  the  Na})ierian  logarithms,  as  errors  of  observation  will  then  produce  the 
least  effect. 

If  R be  estimated  in  ohms,  S will  be  given  in  farads ; if  in  megohms, 
the  resulting  capacity  will  be  in  microfarads. 

Ex.  The  initial  discharge  of  a condenser  was  150  scale-divisions;  on 
recharging  and  allowing  the  condenser  to  discharge  itself  for  90  seconds 
through  a resistance  of  180  megohms,  the  deflection  Vg  obtained  was  60. 

Here  the  capacity  S=  =.623  microfarads. 

IhO  X log 

If  this  method  be  applied  to  cables,  the  capacity  deduced  can  only  be 
approximate,  because  the  insulation  resistance  varies  with  the  time  from 
charging ; it  is  its  mean  value  that  enters  the  above  formula. 

It  was  pointed  out  by  Clerk-Maxwell  that,  owing  to  electric  absorp- 
tion, the  only  safe  dielectric  for  a standard  condenser  is  air.  Accordingly, 
a Committee  of  the  British  Association  has  been  appointed  to  prepare  a 
number  of  such  standards. 

At  the  Southport  meeting,  1883,  it  was  stated  that  Dr.  A.  Muirhead 
had  already  completed  three  such  air-condensers. 

It  is  seldom  that  the  Quantity  Q has  to  be  determined  as  a separate 
element.  It  may,  however,  be  deduced  from  observations  on  a tano-ent 
galvanometer  whose  constant  is  known. 

The  quantity  Q of  electricity  that  passes  in  a time  T tlu'ough  a given 
section  of  a conductor  traversed  by  a constant  current  C,  is  C T.  If  C be 
measured  in  amperes  and  T in  seconds,  then  Q will  be  given  in  coulombs. 
The  coulomb  being  the  quantity  of  electricity  conveyed  by  an  amj)ere  in  a 
second  is  therefore  -j^oth  of  the  absolute  unit  of  (quantity. 

When  a current  is  very  variable  wo  may  not  assume  that  the  mean 
of  many  readings  of  a tangent  galvanometer  corresponds  to  the  ecpiivalent 
constant  current,  and  tbence  deduce  the  (luantity  of  electricity  that  lias 


Work. 
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passed  ; but  we  must  evaluate^^ y dt  over  small  periods  of  time  during  each 
of  which  the  current  remained  sensibly  constant.  The  sum  of  these  separate 
integrals  will  give  Q. 

Q may  also  be  determined  from  the  decomposition  of  an  electrolyte 
whose  electro-chemical  equivalent  « is  known.*  Thus  in  the  case  of  copper 
sulphate,  we  know  that  an  ampere  in  a second,  i.e.,  a coulomb,  throws  down 

on  the  negative  electrode  '0003307  grammes.  Therefore  a deposit  of  W 

W 

grammes  would  require  qqq33qi^  coulombs. 

It  is  by  means  of  the  copper  voltameter  that  it  has  been  proposed  to 

measure  the  quantity  of  electricity  absorbed  in  domestic  electric  lighting. 

The  negative  electrode  would  be  carefully  weighed  at  the  beginning  and  at 

the  end  (say)  of  a month ; then  if  the  difference  in  grammes  be  W,  we  have 
W low 

-j-  = the  number  of  coulombs  absorbed. 

To  ^ ^ 

The  quantity  contained  in  a transient  current,  such  as  induction  currents 
and  also  discharge  currents  from  condensers,  may  be  calculated  from 

2 sin  J 0, 

(Jr  TT  " 


which  formula  has  already  been  discussed. 

The  strength  C of  induction  currents  which  rapidly  change  their  sign 
and  are  not  rectified  by  a commutator  such  as  those  of  an  alternate-current 
machine  may  be  measured,  as  previously  shown,  by  an  electro-dynamometer; 
and  consequently  the  quantity  of  available  electricity  developed  by  such  a 
machine  in  a time  T may  be  found  when  necessary  by  multiplying  the  cur- 
rent expressed  in  amperes  by  the  time  in  seconds. 

Work. — When  a force  acts  upon  a body  so  that  its  point  of  application 
is  displaced,  in  the  direction  of  the  force,  then  the  force,  or  more  properly 
the  agent  applying  it,  is  said  to  do  work.  This  work  may  manifest  itself  as 
a motion  of  translation  or  of  rotation  ; it  may  appear  as  a deformation  of  the 
body,  or  it  may  assume  more  subtle  forms,  such  as  heat  and  electricity. 

Work  is  estimated  quantitatively  as  the  product  of  the  force  and  the 
effective  distance  through  which  it  moves.  The  effective  distance  is  always 
measured  in  the  line  of  action  of  the  force. 

In  lifting  a stone,  we  do  work  against  gravity ; in  starting  a train,  the 
expansive  force  of  steam  does  work  against  inertia  and  friction  ; in  bending 
a steel  blade,  work  is  done  against  molecular  forces. 


* Lord  Rayleigh,  in  a communication  (March  8,  1884)  to  the  London  Physical  Society  on  the  electro- 
chemical equivalent  of  silver,  gave  as  the  mean  result  of  careful  determinations  made  in  the  Cavendish 
Laboratory,  €=.01118.  This  would  make  the  e of  copper  .003261 ; and,  therefore,  a coulomb  would  deposit 
,0003261  grammes, 

c 2 
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Whenever  work  is  done  against  opposing  forces,  energy  is  conferred. 
The  raised  stone,  the  moving  train,  the  bent  blade,  are  capable  of  doing 
work,  and  are,  therefore,  said  to  possess  energy. 

The  principle  of  work  is  applicable  to  electrical  as  it  is  to  mechanical 
forces. 

To  bring  up  a particle  charged  with  a unit  of  positive  electricity  from 
one  point  of  an  electric  field  due  to  a quantity  of  positive  electricity  to  any 
other  point,  work  is  spent  in  overcoming  electric  force,  viz.,  that  due 
to  the  repulsion  of  similar  electrifications.  In  like  manner,  to  remove  a 
particle  charged  with  a unit  of  negative  electricity  from  one  point  of  the 
above  field  to  another,  work  is  done  in  overcoming  the  electric  force  arising 
from  the  attraction  of  opposite  electrifications. 

The  potential  at  any  point  of  an  electric  field  is  defined  as  the  work 
which  must  be  done  in  order  to  bring  a particle  charged  with  a unit  of 
positive  electricity  from  the  infinitely  distant  boundary  of  the  field  up  to 
that  point.  The  work  done  in  bringing  up  a small  body  charged  with  Q 
units  would,  therefore,  be  Q times  the  potential  at  that  point,  i.e.,  Q V.  So 
also  the  work  done  in  bringing  Q units  from  a point  at  which  the  potential 
is  Vj  to  a point  at  which  it  has  the  higher  value  Vg,  is 

Q (Vg  — Vj)  or  simply  Q E, 

where  E denotes  the  electromotive  force  due  to  the  potential-difference 
between  the  points. 

Since  work  is  force  multiplied  by  distance,  unit  work  is  unit  force 
multiplied  by  unit  distance, 

= dyne  x centimetre 
= the  erg. 

The  force  with  which  a body  is  drawn  to  the  earth,  that  is,  the  force 
with  which  it  gravitates,  and  which  is  measured  by  its  weight  W,  depends 
upon  the  mass  M of  the  body,  and  also  upon  the  acceleration  g due  to 
gravity. 

Therefore  we  may  write 

W = M g. 

Since  unit  force  (the  dyne)  is  that  force  which,  acting  on  one  gramme 
of  matter  for  one  second,  imparts  to  it  an  acceleration  of  one  centimetre  per 
second,  and  as  g may  be  taken  to  bo  981  centimetres  per  second*,  it  follows 


* The  value  of  ;/  at  Paris  is  980.94 

,,  Greenwich  is  981. 17 

,,  New  York  is  980.‘23. 

llaltimoro  980.05 
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that  the  force  which  is  measured  statically  by  the  weight  of  one  gramme  is 
equal  to  1 x 981  units  of  force, 

= 981  dynes; 

and  the  work  done  in  lifting  one  gramme  vertically  through  one  centimetre, 

= 981  X 1 units  of  work, 

= 981  ergs. 

As  g varies  with  geographical  position,  so  also  do  the  work  done  in 
lifting  one  gramme  through  one  centimetre  and  the  force  which  is  repre- 
sented by  the  weight  of  one  gramme.  For  accuracy,  therefore,  the 
numerical  value  of  g at  the  place  of  observation,  should  be  given. 

A horse-power  is  a larger  unit  for  estimating  the  rate  {i.e.  work  per 
second)  at  which  work  is  done  by  machines,  steam-engines,  &c.  It  is  taken 
as  equivalent  to  the  work  required  to  raise  550  pounds  through  one  foot, 
or,  which  is  the  same  thing,  76  kilogrammes  through  one  metre. 

Therefore, 

1 H.P.  = 76  kilogramme-metres, 

= 76  X 1000  gramme-metres, 

= 76  X 1000  X 100  gramme-centimetres, 

= 76x10’. 

But  1 gramme-centimetre  is  equivalent  to  981  ergs, 

. •.  1 H.P.=76xlO’x981 
= 746  X 10^  ergs. 

Electric  work  is  measured,  as  shown  above,  by  Q V or  by  C T V, 
where  C denotes  the  current  strength  and  T the  time. 

Hence  the  rate  of  doing  work,  or  as  Sir  William  Thomson  proposes  to 
call  it  the  activity,  is  C V.  Now  the  ampere  is  10"^  of  the  absolute  unit  of 
current  and  the  volt  is  10®  absolute  units  of  potential.  Therefore,  electric 
work  reckoned  in  absolute  units  or  ergs  is 

C X 10->  X V X 10«, 

And  the  H.P. 

_ C V X 10-1  X 10»  _ C V _ C'l  R 
746  X 10"'  746  746 

When  using  this  formula,  it  must  be  remembered  that  C is  estimated 
in  amperes,  V in  volts,  and  R in  ohms. 

The  late  Sir  William  Siemens  suggested*  to  take  as  unit  of  power,  the 
power  conveyed  by  a current  of  an  ampere  through  the  difference  of 
potential  of  a volt,  and  to  call  this  new  unit  a Watt.  A watt,  therefore, 
expresses  the  rate  of  an  ampere  multiplied  by  a volt  and 

= 10"i  X 10®  = 10^  ergs. 


* Presidential  Address,  British  Association,  1882. 
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Hence  electric  work  in  watts 

_ Cx  lO-^x  Vx  10®  _ n y 
■ 10' 

Sir  William  Siemens  also  introduced  a modified  form  of  his  electro- 
dynamometer, in  order  to  measure  directly  the  energy  absorbed  in  any  part 
of  a circuit.  For  this  purpose  the  connections  are  arranged  so  that  the 
single  loop  of  thick  wire  is  inserted  in  the  main  circuit  whilst  the  coil  of  thin 
wire  is  used  as  a shunt  to  that  portion,  say  an  incandescence  lamp,  in  which 
the  energy  to  be  measured  is  absorbed. 

The  current  which  passes  through  the  coil  is  proportional  to  the 
potential-difference  —V2  the  terminals  of  the  lamp,  that  which  passes 
through  the  movable  loop  is  the  main  current  C ; hence  the  force  tending 
to  deflect  the  loop  varies  as  C (V^  — V2)  ; and,  as  the  torsion  necessary  to 
bring  the  index-arm  back  to  zero  also  varies  as  the  same  quantity,  the 
number  of  degrees  of  torsion  will  be  proportional  to  the  electric  energy 
absorbed  in  the  lamp. 

The  constant  of  the  instrument  given  in  the  table  which  accompanies 
it,  may  be  verified  at  any  time  by  comparing  the  readings  with  the  values 
for  the  work  found  by  using  (say)  a tangent  galvanometer  to  determine  the 
current  and  a potential  galvanometer  to  measure  the  difference  of  potentials. 

The  instrument  is  sometimes  called  a power-meter,  and  as  its  readings 
when  multiplied  by  its  constant  give  watts,  it  is  frequently  called  a watt- 
meter. 

The  heat  developed  in  a conductor  by  the  passage  of  a current  may 
also  be  estimated  quantitatively. 

When  a current  flows  through  a conductor  without  doing  any  external 
work  such  as  that  of  driving  an  electro-magnetic  engine,  deflecting  magnets, 
inducing  currents  in  neighbouring  conductors,  all  the  energy  of  the  current 
is  converted  into  heat  which  appears  in  the  various  parts,  li(]uid  as  well  as 
metallic,  of  the  circuit. 

If  C be  the  current,  Vj  and  V2  the  j^otentials  at  any  two  points  of  a 
conductor,  then  in  T seconds  C T units  of  electricity  are  conveyed  from  the 
higher  potential  to  the  potential  V2,  and  the  corresponding  work  is 

c T (Vi  — V„)  or  C T E. 

If  II  denote  the  resistance  of  the  conductor  included  between  the  two 
points,  the  potential  difference  or  electromotive  force  F = C R,  whence  the 
expression  for  the  work  becomes  C'^  R T. 


The  Unit  of  Heat : the  Joule. 
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The  work  per  second  or  activity,  is  therefore  R;  or,  in  absolute  units 
C-  X 10-“  X R X 10"  = C“R  X 101 


If  we  take  for  heat-unit  the  quantity  of  heat  necessary  to  raise  one 
gramme  of  cold  water  one  degree  Centigrade,  its  value  in  absolute  units,  as 
determined  by  Dr.  Joule,  is  4.2x10^;  hence  the  heat- work,  expressed  in 
water-gramme-degrees  Centigrade,  will  be 


C“Rx  10^ 
4.2  X 10“ 


— ^ = .0238  C“  R. 
4.2 


As  this  heat-unit  is  not  very  definite.  Sir  William  Siemens  suggested 
a new  unit  based  upon  the  electro-magnetic  system  and  which  he  proposed 
to  call  the  Joule.  The  joule  would  be  defined  as  the  heat  generated  in  one 
second  by  a current  of  an  ampere  flowing  through  the  resistance  of  an  ohm. 
Its  value  would  be  (10“^)^  x 10”=  10^  C.  G.  S.  units. 

Therefore  the  heat  per  second,  expressed  in  joules,  is 


C“  R X 10“ 
10“ 


C“R  = C V. 


The  increase  in  the  temperature  of  a conducting  wire  may  also  be 
expressed  numerically. 

Let  IV  be  the  weight  of  the  wire  in  grammes, 

s „ specific  heat  of  the  material  of  the  wire, 
and  T ,,  elevation  of  temperature; 

then  the  energy,  in  absolute  units,  obviously  is 

w s T X 4.2  X 10“ 


And  this  must  equal 
Whence 


C“  X 10-“  X R X 10"  X T 

^ C“RT 
4.2  tas* 


The  electrical  resistance  of  a conductor  may  also  be  deduced  from 
thermal  data.  The  method  is  commonly  known  as  Joules  calorimetric 
'method. 

A copper  cylindrical  vessel,  or  calorimeter,  is  nearly  filled  with  water, 
and  in  it  is  placed  the  wire  wound  for  convenience  in  the  form  of  a helix 
and  also  previously  steeped  in  melted  paraffin  wax  for  the  sake  of  better 
insulation.  The  ends  are  soldered  to  two  thick  copper  rods  which  pass 
through  the  wooden  cover  of  the  calorimeter  and  serve  as  terminals  for 
connection  with  the  battery  circuit.  The  cover  is  further  perforated  to 
admit  a thermometer  and  a stirrer,  the  latter  for  the  purpose  of  equalising 
the  temperature  throughout  the  liquid.  A battery  of  about  flve  Grove’s 
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cells  and  a plug-key  are  connected  up  in  circuit  with  a tangent  galvano- 
meter and  the  calorimeter. 

If  be  the  initial  temperature  of  the  water, 

L „ temperature  after  T seconds, 

„ mass  of  the  water  and  water-equivalent  of  the  calorimeter  combined, 
and  s ,,  specific  heat  of  copper, 

then  the  energy  absorbed  by  the  water  and  calorimeter  is 

IV  (t.2  — <i)  s J 

where  J denotes  Joule’s  dynamical  equivalent,  viz.,  4.2  x 10^ 

This  must  equal  the  energy,  in  absolute  units,  developed  by  the 
current,  that  is 

C-RT  X 10--  X 10®. 

Therefore, 

_tv  {t.2  — q)  s X 4.2  X 10^  _w  (t.,  — q)  s X 4.2 
C-Tx  10^ 

The  loss  of  heat  by  radiation  must  be  determined  and,  if  appreciable, 
allowed  for.  Account  must  also  be  taken  of  the  capacity  for  heat,  or 
water-equivalent,  of  the  wire  itself,  the  stirrer  and  the  immersed  thermo- 
meter. 

Ex.  To  find  the  resistance  of  a length  of  German  silver  wire,  the  fol- 
lowing weighings  and  observations  were  made  : 

Weight  of  calorimeter  . .128  grammes 

„ calorimeter  and  water  782  ,, 

Initial  temperature  of  water  . 24" 

Final  temperature  . . . 41°.  7 

Time  . . . . .17  minutes 

Galvanometer-deflection  . . Gl° 

Galvanometer-constant  for  amperes  3. 1 7 1 

The  heat,  in  absolute  units,  absorbed  by  the  water  and  calorimeter  is, 
therefore, 

(654  X 17.7-)- 128  x 17.7  x .095)  4.2  x 10’ 

The  heat  developed  by  the  passage  of  the  current  is 
^1.82/  x^ 3.1/ ly  X R X 10®  X 17  X 60 

Equating  these  two  expressions  and  reducing,  we  get 

R = 1.446  ohms. 

This  is  the  resistance  of  the  wire  at  41.7“  C.  ; a small  correction  is 
necessary  to  reduce  it  to  its  value  at  0“  C. 

If  we  suppose  the  resistance  R to  he  known,  then  the  current  strengtli 
can  be  found.  This  method  Avas  used  by  Dr.  J.  Hopkinson  in  his  investiga- 


II. r.  Absorbed  and  Wasted. 


89 


tions  of  the  relation  between  the  current  and  the  corresponding  electromotive 
force  developed  by  a dynamo  running  at  a constant  speed  and  with  varying 
resistances  in  the  external  circuit. 

The  following  examples  will  serve  to  illustrate  the  development  of 
energy  and  its  distribution  in  the  various  parts  of  a circuit. 

Ex.  A current  of  1.3  ampere  was  sent  for  three  minutes  through  a 
wire  of  2.8  ohms  resistance;  the  heat-energy  developed  was,  therefore, 


1.3  X 1.3  X 2.8  X 3 X 60 
4.2 


322  gramme-degrees  C. 


= 322  X 4.2  = 1352  joules. 


Ex.  The  H.P.  absorbed  in  an  incandescence  lamp  through  which  a 
current  of  3.5  amperes  was  passing,  the  difference  of  potentials  at  the 
terminals  of  the  lamp  being  1.8  volt,  is 


3.5  X 1.8 
746 


.0084 


= 6.3  watts. 


Ex,  Ten  arc-lani]3s,  each  having  a resistance  of  1.87  ohm,  are  placed  on 
a circuit  400  yards  in  length,  the  resistance  of  the  circuit  being  .004  ohm 
per  yard  ; it  is  required  to  find  the  H.P.  which  is  used  and  that  which  is 
wasted  respectively. 

The  H.P.  used  = -^  x 18.7  ; 

746 


that  wasted  in  the  circuit  = x 1.6 

746 

Also  the  ratio  of  the  wasted  to  the  total  energy  spent  in  the  circuit 

1.6  _ 1.6 
18.7 -h  1.6  20.3 


= 8 per  cent,  nearly. 


Ex.  To  determine  the  efficiency  of  an  electric  installation,  the  follow- 
ing measurements  were  made  ;* 

The  work  spent  in  driving  the  dynamo,  measured  by  a dynamometer, 
was  6.66  H.P.  ; the  current,  measured  by  a current  galvanometer,  was 
2.523  amperes;  whilst  the  potential -difference  at  the  terminals  of  the 
machine,  measured  by  a potential  galvanometer  with  the  aid  of  a high 
supplementary  resistance,  was  1447  volts. 


The  electric  energy  in  H.P.  at  the  terminals  of  the  dynamo= 


2.523  X 1447 
' 746 


4.89 


* Engineering,  March  2.3,  1883. 
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The  efficiency  of  a machine  being  the  ratio  of  the  useful  work  to  that 
expended,  the  electric  efficiency  of  the  above  dynamo  was 

4.89 

6.6G 


i.c.,  73  per  cent,  of  the  whole  mechanical  work  spent  on  the  machine  is  con- 
verted into  the  energy  of  the  electric  current. 

The  same  dynamo  being  used  to  drive  an  electric  motor,  it  was  found 
that  the  difference  of  potentials  at  the  terminals  of  the  motor  was  1037 
volts,  whilst  the  mechanical  work  measured  by  a Prony  brake  was  2.32  H.P. 

Here  the  electric  energy  at  the  terminals  of  the  motor  is 


2.523 X 1037 
746 


= 3.50  H.P. 


The  efficiency  (mechanical)  of  the  motor*  is,  therefore. 


2.32 

= .67  = 67  per  cent.  ; 


the  efficiency  (electric)  of  the  circuit  is 


3.50 

4.89 


= 71  per  cent.  ; 


and  that  of  the  whole  installation  is 


2.32 

6.66 


35  per  cent. 


The  electric  conditions  of  the  voltaic  arc  are  determined  when  we  know 
the  current  strength  C and  the  difference  V of  potentials  at  the  ends  of  the 
carbons. 

. . V . 

The  ratio  of  these  two  quantities  — is  usually  called  “ the  resistance  of 


the  arc,”  by  which  is  meant  the  ohmic  resistance  that  would  replace  the  arc 
without  altering  the  current.  Such  a use  of  the  term  resistance,  however, 
is  not  strictly  scientific,  for  Ohm’s  law,  on  which  is  based  the  definition  of 
resistance,  does  not  hold  for  the  electric  arc,  the  difference  of  potentials  on 
the  two  sides  being,  for  given  material  of  the  electrodes,  distance  between 
them  and  atmospheric  pressure,  approximately  constant,  f 

The  energy  in  watts  developed  in  the  arc  is  C V and  the  ratio  of  this  to 
the  energy  expended  may  be  taken  to  represent  the  efficiency  of  the  arrange- 
ment. 


* Of  the  power  C V supplied  to  the  motor,  part  is  frittered  away  in  heat,  tlie  remainder  being  eonverted 
into  mechanical  energy  of  motion.  In  like  manner,  a portion  of  the  energy  of  tlie  running  motor  is  wasted 
in  overcoming  mechanical  friction  at  the  bearings  and  collecting  brushes,  as  also  in  air  friction  and  what 
Professor  Ayrton  (.Tour.  Soc.  Tel.  Engineers,  May,  1883)  calls  “magnetic  friction,”  i.c.,  the  resistance 
arising  from  the  electromagnetic  reactions  of  the  movable  and  stationary  parts  of  the  machine.  If  W denote 
the  useful  work  as  measured  by  any  suitable  ergometer,  then  the  efficiency  of  tlie  motor  is  given  by 

t Proc.  Inst.  Mechanical  Engineers,  April,  1880,  page  272. 
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The  energy  stored  up  in  secondary  batteries,  or  “accumulators,”  is  also 
expressible  in  practical  units.  For  this  purpose  ’ we  measure  the  charging 
current  C in  amperes  and  the  ditference  of  potentials  V between  the 
terminals  of  the  battery  in  volts  ; then  the 

H.P.  = 
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= 0 V watts.  2. 

The  energy  given  out  may  be  measured  in  the'  same  way,  and  the  ratio 
of  these  two  will  give  the  efficiency  of  the  battery. 

If  the  charging  or  the  discharge  current  be  not  sufficiently  constant, 
we  must  make  frequent  determinations  of  the  current  and  potential- 
difference,  and  evaluate  the  energy  for  each.  The  sum  of  these  evaluations 
will  give  the  integral  energy. 

The  term  electric  accumulator  is  open  to  objection  because  it  suggests 
that  electricity  as  such  may  be  stored  up  and  that  an  indefinite  quantity  of 
energy  may  be  accumulated  in  the  cell,  whereas  we  know  this  latter  to  be 
limited  by  the  amount  of  chemical  work  which  may  be  done  on  the  formed 
leaden  plates;  nor  is  the  term  secondary  battery  a very  happy  one,  since  the 
electrical  action  of  such  a battery  is  quite  analogous  to  that  of  any  voltaic 
element  or  electro-chemical  apparatus. 

When  a current  is  sent  through  such  a “ battery,”  work  is  done  (1)  in 
overcoming  the  counter-electromotive  force  e called  out  by  the  resolution  of 
the  electrolyte  into  its  constituents,  and  (2)  in  heating  the  various  parts  of 
the  circuit.  The  product  C e measures  the  activity  or  work  done  per  second 
in  the  battery ; consequently  the  higher  the  value  of  the  counter-electro- 
motive force  the  greater  will  be  the  energy  stored  up. 

Experiments  made  by  Beetz  and  others  show  that  heat  diminishes  the 
counter-electromotive  force  set  up  by  the  passage  of  a current  through  an 
electrolytic  cell.  Hence  the  importance  of  keeping  a secondary  battery  cool 
during  the  period  of  charging. 

The  energy  wasted  in  the  battery  as  local  heat  is  C (E  — e),  from  which 
expression  it  is  manifest  that  the  nearer  the  charging  electromotive  force  E 
is  to  the  counter-electromotive  force  e the  less  will  be  this  dissipation  of 
energy  and  therefore  the  greater  the  efficiency. 

Repeated  measurements  have  shown  that  for  a fully  charged  Faure 
accumulator,  e is  very  nearly  2.2  volts.  Hence  to  charge  ten  such  accumu- 
lators we  should  require  little  more  than  an  E.M.F.  of  22  volts. 

This  rule  cannot  be  strictly  followed  when  a dynamo  is  used  to  furnish 
the  charging  current ; for  it  is  not  economical  to  drive  the  machine  at  a 
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very  low  speed,  the  various  losses  arising  from  frictional  resistances  and  the 
development  of  heat  in  the  conductors  would  more  than  equal  the  advantage 
gained  by  the  low  electromotive  force  generated ; and  in  addition  to  this 
there  is  the  possibility,  in  the  case  of  any  accidental  slackening  of  speed,  of 
the  battery  discharging  itself  through  the  coils  of  the  dynamo  and  thus, 
more  or  less,  seriously  injuring  their  insulation. 

The  power  which  a dynamo  is  capable  of  developing,  when  working  in 
given  conditions  of  circuit,  may  be  deduced  from  its  characteristic.  This 
curve  is  constructed  by  varying  the  external  resistance,  and  taking  the 
current  for  abscissa  and  the  difference  of  potentials  between  the  terminals 
of  the  machine  for  ordinate. 

Fig.  62  shows  such  a curve  con- 
structed from  Dr.  J.  Hopkinson’s 
measurements  with  a Siemens’s 
medium-size  series  dynamo  driven  at 
a speed  of  720  revolutions  per  mi- 
nute."^ We  may  remark,  in  passing, 
that  a series  dynamo  is  one  in  which 
the  whole  current  is  sent  tlirough  the  external  circuit  and  also  through 
the  coils  of  the  field-magnets.  In  another  class  of  machines,  the  ordinary 
shunt  dynamos,  the  current  divides  on  leaving  the  armature,  part 
going  through  the  main  circuit  and  part  round  the  magnets.  In  a third 
class,  the  coniymund  shunt  or  self-regulating  dynamo,  there  are  two  distinct 
circuits,  one  of  fine  wire  and  high  resistance  going  round  the  exciting 
magnets  and  the  other  of  thick  wire  forming  the  extrapolar  circuit  and 
going  likewise  round  the  magnets.  It  will  be  seen  from  Fig.  62 

(1)  that  the  early  part  of  the  curve  differs  but  little  from  a straight 

line  ; and 

(2)  that  the  electromotive  force  does  not  increase  without  limit,  the 

curve  evidently  approaching  a horizontal  asymptote. 

The  name  critical  current  is  given  by  Dr.  Hopkinson  to  that  value  of 
the  current  for  which  the  curve  ceases  to  be  rectilinear.  At  that  particular 
})oint  the  electromotive  force  attains  about  two-thirds  of  its  maximum  value. 

The  characteristics  of  the  same  machine  drawn  for  various  sj)oeds  differ 
only  in  the  scale  of  ordinates  which  is  greater  the  higher  the  speed.  Hence 
for  a given  dynamo,  the  critical  current  is  independent  of  the  velocity  of 


* I’roo.  Inat.  Meclianical  Kiigineers,  April,  1879. 
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rotation.  In  the  figure,  it  is  15  amperes;  the  corresponding  electromotive 
force  is  60  volts,  the  greatest  being  about  96  volts. 

It  will  also  be  noticed  that  the  curve  cuts  the  axis  of  ordinates  a little 
above  the  origin.  This  displacement  is  attributed  to  the  residual  magnetism 
of  the  field-magnets,  which  is  necessary  for  starting  the  machine. 

If  we  take  any  point  P on  the  curve,  the  ordinate  gives  the  electromotive 


E 


1 


the  resist- 


force  ; the  abscissa,  the  current ; and  the  slope  of  P O (c/’ 
ance  of  the  circuit.  The  energy  in  watts  is  denoted  by  the  area  of  the 
rectangle  having  P A and  A O for  adjacent  sides. 

Another  method  of  drawing  the 
characteristic  of  a dynamo  has  been 
suggested  by  Professor  W.  G,  Adams,* 

The  resistance  is  measured  along  the 
axis  of  abscissae,  and  the  electromotive 
force  along  the  axis  of  ordinates.  The 
curve  corresponding  to  Fig.  62,  when 
plotted  by  this  method,  is  shown  in  Fig.  63- 

/ E \ . 

For  any  point  P on  the  curve,  the  current  \ ^ y is  given  by  the  slope 


Fig.  63. 


of  P O,  viz.,  tan  A O P.  Drawing  H P at  right  angles  to  P 0,  the  heat 
developed  in  the  circuit  is  represented  by  A H ; for 


Therefore, 


— = tan  A P H = tan  A O P = 
A P 


current  C. 


AH  = APx  C = EC  = C^E,  = heat  per  second  in  joules. 


In  the  case  of  an  electric  motor  driven  by  a constant  current  such  as 
that  from  a battery  or  from  a steadily  working  magneto  machine,  the  whole 
work  per  second  or  activity  is  C E,  If  R be  the  total  resistance  of  the 
circuit  and  e the  counter-electromotive  force  set  up  by  the  rotation  of 
the  armature  of  the  motor,  then 

This  back  electromotive  force  e is  a variable  which,  for  a constant 
driving  current,  increases  regularly  with  the  speed  of  the  motor.  The 
power  absorbed  per  second  by  the  motor  and  converted  into  mechanical 
energy  of  rotation  is  C e. 

This  may  be  written 

e(E-e) 

R ■ 


* Proc.  Inst.  Mechanical  Engineers,  April,  1879, 
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For  a maximum  we  must  equate  to  zero  the  differential  coefficient  of  this 
expression  taken  with  respect  to  the  variable  e. 

Therefore, 

E — 2 e = 0 

Whenee 


And 


e = 1 E 

L=  1 
E 2 


i.e.,  the  rate  of  utilizing  work  in  the  motor  is  greatest  when  the  battery 
current  is  reduced  by  the  back  electromotive  force  to  one-half  its  original 
value.  This,  which  is  Jacobi’s  law,  is  the  condition  for  rapidity  of  work. 

For  economy,  the  ratio  ^ should  be  nearly  equal  to  unity ; and  to  attain 


a 

K 


J) 


Fig.  64. 


inverse  E.M.F.  be  almost  equal  to  that  of  the  driving 
current. 

These  results  may  be  graphically  represented  by 
a simple  method  due  to  Professor  S.  P.  Thompson.* 

Take  A C,  Fig.  64,  to  represent  E the  constant 
external  electromotive  force  ; describe  the  square  A F, 
mark  off  D G equal  to  e,  and  complete  the  figure. 

The  electric  energy  C E expended  per  second  is  and  that 

-LX 

g / J]  

absorbed  by  the  motor ^ . Omitting  the  constant  R,  these  quantities 

H F 

are  obviously  represented  by  A K and  H F respectively.  The  ratio 

would  denote  the  efficiency  if  the'  motor  were  a perfect  electric  engine ; 

and  as  F H = H A,  the  square  B K represents  the  energy  which  is 

wasted.  This  waste  (B  K)  plainly  diminishes  as  e rises.  Now  it  may  be 

readily  shown  that  H F is  a maximum  when  H is  the  middle  ])oint  of  the 
. . T 1 k 

diagonal  D C,  in  which  case 

If  a dynamo  be  used  to  generate  tlie  current  which  feeds  the  motor, 
the  electromotive  force  will  vary 

(1)  as  the  speed  of  the  dynamo  n, 

(2)  as  a constant  a dej)ending  upon  the  form  and  arrangement  of  the 

field-magnets,  and 

(.“t)  as  some  function  of  the  current  </>  (C). 

Therefore  for  the  generator,  we  may  write 

Pj  = Oj  </>  (C) 

* Phil.  Mag.,  February,  188:i, 
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And  for  the  motor, 

e = n.y  a.,  </>  (C). 

The  efficiency  of  the  system  ^ is  consequently 

«2  a.2 

ttj 

If  the  motor  be  similar  in  construction  to  the  generator,  aj  will  be 

')l 

equal  to  a., ; and  the  efficiency  will  be  denoted  by  ^ . Consequently,  for 
economical  working,  the  two  machines  must  rotate  at  nearly  the  same  speed. 

It  is  also  obvious  that  the  greater  the  speed  of  the  motor,  the  greater 
also  will  be  the  efficiency  ; for  then  the  more  will  the  ratio  -2  tend  to  unity. 

If  E — c have  a constant  value,  the  efficiency  will  increase  with  the 
electromotive  force  E ; for  the  energy  which  is  wasted  as  heat  is  R,  and 
its  ratio  to  the  whole  electrical  energy  is 

C"R  C R R E — e E— e constant 
CAi  ^ ^ E"  ^ ""  E“'  ""  E 

This  waste  manifestly  diminishes  as  E increases,  whence  it  follows 
that  the  efficiency  is  greater  with  high  than  it  is  with  low  potentials. 

This  may  also  be  seen  from  Fig.  64-  Let  the  driving  electromotive 
force  be  100  volts,  and  the  constant  potential  difference  E — c be  30  volts. 
Then  the  area  A K=  100  x 30  = 3000  ; also  H F = 30  x 70  = 2100. 

2100  7 42 

. • . the  theoretic  efficiency  = = — = — 

3000  10  60 

Let  the  driving  electromotive  force  be  now  raised  to  200  volts.  Then 
A K = 200  x 30  = 6000;  and  H F = 30  x 170  = 5100.  ^ 

^ . 5100  51 

the  emciency  = — . 

6000  60 

Therefore  by  increasing  the  E.M.F.,  the  theoretic  efficiency  of  the 
motor  has  also  been  increased. 


Note. — Some  doubt  having  arisen  as  to  tiie  constancy  of  Latimer  Clark’s  standard  cells,  Lord  Rayleigh 
recently  subjected  those  which  are  in  the  Cavendish  Laboratory  to  careful  tests,  and  he  obtained,  as  he  stated 
before  the  London  Physical  Society,  March  8,  1884,  very  satisfactory  results.  The  cells  were  always  worked 
through  a resistance  comparable  with  a megohm.  The  value  of  the  E.M.P.  given  by  Latimer  Clark  is  1.457 
volts,  that  found  by  Lord  Rayleigh  is  1.453  volts.  This  supposes  the  B.  A.  unit  to  be  absolutely  correct. 
According  to  Lord  Rayleigh,  however,  it  is  only  .9867  of  the  theoretic  ohm.  Assuming  this  determination  to 
be  accurate,  the  E.M.F.  of  a Clark’s  cell  is  1.453  x .9867  = 1.434  volts. 


WORKS  ON  ELECTRICITY  AND  ELECTRICAL  MEASUREMENT. 


A GOOD  elementary  knowledge  of  the  general  phenomena  and  funda- 
mental  laws  of  electricity  and  magnetism,  may  be  obtained  by  a 
careful  study  of  any  one  of  the  three  following  books  : Professor  S.  P. 

Thompson’s  “ Elementary  Lessons  in  Electricity  and  Magnetism  Dr. 
Ferguson’s  “Electricity,”  revised  and  enlarged  by  Professor  J.  Blyth  f and 
Part  III.  of  Deschanel’s  “ Natural  Philosophy,”  translated  and  edited  by 
Professor  J.  D.  Everett.^  Professor  Fleeming  Jenkin’s  “ Electricity  and 
Magnetism”^  will  be  found  useful,  as  also  Professor  Tyndall’s  “Notes  on 
Electrical  Phenomena  and  Theories.”® 

A comprehensive  account  of  what  has  been  done  in  the  several  parts  of 
the  vast  domain  of  electrical  science  is  given  in  J.  E.  H.  Gordon’s  “ Physical 
Treatise  on  Electricity  and  Magnetism.”  ® This  extensive  work  reviews, 
and  generally  at  no  inconsiderable  length,  the  more  important  recent 
researches,  explaining  the  methods  followed  and  stating  the  results 
obtained.  It  is  specially  remarkable  for  the  excellence  of  the  views  and 
explanatory  diagrams  of  standard  electrical  and  magnetic  instruments. 

The  student  who  seeks  to  acquire  a sound  knowledge  of  theory, 
mathematical  and  physical,  will  do  well  to  familiarise  himself  with  L. 
Cumming’s  “Introduction  to  the  Theory  of  Electricity  after  this  he  may 
read,  with  advantage.  Professor  G,  Chrystal’s  two  admirable  articles  on 
Electricity  and  Magnetism  in  the  new  edition  of  the  “ Eiicyclo})jedia 
Britannica.”  The  parts  of  the  encyclopedia  in  which  those  articles  occur, 
may  be  had  separately  from  the  publishers.® 

This  course  of  reading  will  prepare  for  the  severe  pages  of  Clerk- 
Maxwell’s  “Treatise  on  Electricity  and  Magnetism.”®  Some  sections  of 
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this  great  work  require  an  acquaintance  with  only  elementary  mathematics  ; 
but  no  one  can  master  the  advanced  ])arts  who  is  not  well  skilled  in  the 
highest  forms  of  analysis. 

As  an  auxiliary  to  Clerk-Maxwell,  one  might  use  Mascart  and 
Joubert’s  Treatise  on  Electricity  and  Magnetism,”  recently  translated  by 
Dr.  E.  Atkinson.  This  work  is  announced  to  be  in  two  volumes  ; the  first  is 
the  only  one  yet  (March,  1884)  published.  It  is  devoted  exclusively  to 
theory,  and  follows  closely  the  methods  and  views  of  its  English  prototype. 

Aware  of  the  difficulties  with  which  his  treatise  bristles.  Professor 
Maxwell,  in  the  interest  of  students  generally,  began  to  prepare  his 
“ Elementary  Treatise  on  Electricity  but  was  prevented  by  premature 
death  from  finishing  it.  The  manuscript,  in  its  fragmentary  form,  was 
entrusted  to  Professor  W.  Garnett,  who  has  comjDleted  it  by  the  addition  of 
a number  of  articles  selected  from  the  first  volume  of  the  larger  work. 

For  practical  purposes  we  have,  as  yet,  no  one  book  to  guide  a student 
through  the  various  departments  of  electrical  and  magnetic  measurements. 
It  is  hoped  that  the  forthcoming  volume  by  Professors  Mascart  and  Joubert 
will  go  far  towards  supplying  this  want.  Meanwhile  Kohlrausch’s  “ Intro- 
duction to  Physical  Measurements”^^  wiU  be  found  serviceable. 

Andrew  Gray,  chief  assistant  to  the  Professor  of  Natural  Philosophy 
in  the  University  of  Glasgow,  has  recently  published  an  excellent  little 
manual  entitled  “ Absolute  Measurements  in  Electricity  and  Magnetism.” 

It  is  not,  however,  a complete  treatise,  being  designed  to  give,  by  means  of 
some  typical  determinations,  a clear  account  of  the  absolute  system  of  units. 
It  contains  much  valuable  information  on  such  subjects  as  the  theory  of 
continuous  and  alternating-current  machines,  including  the  effects  of  self- 
induction,  the  efficiency  of  electric  motors,  and  the  measurement  of  intense 
magnetic  fields. 

The  specific  requirements  of  telegraphy  are  fully  treated  in  H.  R 
Kempe’s  “ Handbook  of  Electrical  Testing.” 

This  book  not  only  describes  the  principal  methods  in  use,  but  also 
gives  the  theory  and  thence  deduces  the  best  conditions  for  making  the 
various  tests. 

Nothing  is  better  adapted  to  give  a clear  perception  and  firm  grasp  of 
the  laws  of  any  branch  of  science  than  to  work  out  a series  of  numerical 
exercises  on  them.  In  this  connection,  two  little  books  by  R.  E.  Day  will 
be  found  very  helpful  and  suggestive,  viz.,  “ Examples  in  Electrical  and 
Magnetic  Measurement”^^  and  Electric  Lighting  Arithmetic.”^® 

H 
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Another  useful  book,  one  almost  indispensable,  is  Professor  J.  D. 
Everett’s  “ Units  and  Physical  Constants.”^®  It  gives  clear  and  ample 
information  about  the  fundamental  and  derived  units  whether  mechanical, 
electrical,  or  magnetic,  and  contains  tables  of  the  most  important  constants 
in  the  several  branches  of  physical  science. 
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PHOTOMETRY. 


PHOTOMETRY. 


S its  name,  derived  from  the  Greek  [<t>c>u  <t>urb^,  light,  and  iJ-irpov,  mea- 
sure), indicates,  photometry  is  that  branch  of  optics  which  treats 
of  the  various  methods  used  for  comparing  the  intensities  of  different  sources 
of  light.  Amongst  the  numerous  problems  connected  with  the  measure- 
ments of  energy,  there  is  not  one  that  presents  greater  material  diffi- 
culties. Although  based  on  a geometrical  law,  no  practical  method  has 
been  found,  up  to  the  present  time,  by  which  mathematical  accuracy  can  be 
attained.  In  addition  to  this,  of  all  the  units  of  measurement  employed  in 
various  countries,  or  proposed  by  physicists,  there  is  not  one  that  possesses 
the  qualities  of  absolute  identity,  permanence,  convenience,  and  simplicity, 
which  are  indispensable  in  industrial  investigations  which  have  to  do  with 
money  expenditure.  Thus  in  spite  of  the  dissertations  which  occupied  several 
seances  of  the  Electrical  Congress  that  met  in  Paris  in  1881,  no  agreement 
could  be  arrived  at  as  to  the  choice  of  a photometer,  and  of  an  international 
standard.  The  problem  remains  therefore  unsolved,  and  should  be  studied 
afresh  by  a committee  of  electricians  representing  all  countries  interested ; 
it  was  proposed  by  the  Congress  that  the  French  Government  should  invite 
such  a committee,  but  no  steps  have  yet  (March,  1884)  been  taken  in  the 
matter. 

We  propose  to  give  a general  expose  of  the  problems  to  be  solved,  a 
rapid  description  of  various  methods  in  use  or  proposed,  and  to  notice 
their  advantages  and  inconveniences.  The  subject  is  one  of  especial  interest 
and  importance  in  connection  with  the  measurement  of  the  electric  light ; 
but  it  will  be  necessary  to  consider  it  in  its  general  aspect,  which  is  the 
evaluation  of  all  luminous  intensities,  paying  at  the  same  time  particular 
attention  to  its  special  development  in  relation  to  electric  lighting.  This  is 
all  the  more  necessary,  since,  in  consequence  of  recent  invention,  electric 
lighting  comprises  at  the  present  time  a large  series,  ranging  from  the 
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powerful  lights  devised  for  lighthouses,  down  to  the  small  incandescence 
lamps  of  Swan  or  Edison. 

In  dealing  as  far  as  possible  with  the  whole  subject,  within  its  widest 
limits,  we  find  the  following  natural  divisions  : 

1.  An  examination  of  the  various  photometric  methods, 

2.  The  study  of  luminous  standards,  those  in  use,  as  well  as  those  which 

are  proposed, 

3.  A discussion  of  the  results  obtained  with  various  electric  lamps,  and 
their  application  to  the  more  general  problem  of  electric  lighting. 

Apart  from  various  special  methods,  wdiich  have  but  little  practical 
value,  the  processes  actually  employed  by  all  engaged  in  artificial  illumi- 
nation, consist  in  replacing  a direct  estimation  of  the  luminous  source, 
by  an  indirect  comparison  with  a given  unit.  Two  contiguous  surfaces 
are  illuminated  to  the  same  degree — one  by  light  from  the  luminous 
source,  the  other  by  light  from  the  unit  source ; the  two  sources  being 
placed  at  unequal  distances  from  the  surfaces  illuminated,  when  the  illumi- 
nation by  one  does  not  exactly  equal  that  by  the  other  ; this  method  is 
easier  than  that  of  direct  comparison,  but  is  still  liable  to  error.  The 
difference  in  the  value  of  the  two  sources  of  light,  thus  becomes  a simple 
function  of  the  ratio  of  the  distances  which  gives  the  proportion  of  the 
intensities.  Speaking  generally,  this  function  will  be  the  same  when  the 
luminous  sources  produce  an  identical  physical  effect  by  neutralising  their 
lighting  properties,  on  a screen  placed  at  a fixed  distance  from  each  of  them. 
This  will  become  clearer  as  we  proceed.  Confining  ourselves  to  our  first 
proposition  it  will  be  seen  that  the  process  consists  in  substituting  for  a 
difference  of  luminous  emission  at  the  same  distances,  an  equality  of  lighting 
at  different  distances.  The  eye  can  perceive  with  sufficient  accuracy  for 
general  purposes  whether  two  similar  surfaces  reflect  equal  quantities  of 
light,  and  the  point  where  this  approximate  equality  of  illumination  is 
produced,  is  easy  of  detection.  The  eye,  however,  is  not  an  absolute 
organ,  its  sensitiveness  varies  with  each  observer,  and  changes  with  different 
conditions  of  health  or  fatigue,  in  the  same  observer.  It  results  from  this 
that  the  most  careful  experiments  are  liable  to  involuntary  errors  of  no 
inconsiderable  range. 

The  differences  in  colour  which  are  generally  observed  in  lights  that  are 
being  compared,  introduces  another  difficulty.  In  the  particular  case  of  the 
electric  light,  the  difference  in  luminous  value — often  very  large — between 
the  unit  and  the  intensity  to  be  measured,  still  further  complicates  the]expcri- 
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merits,  and  increases  the  uncertainty  of  the  results.  Nevertheless,  it  is  this 
method,  imperfect,  complicated,  and  full  of  chances  of  error,  which  is  gene- 
rally employed,  for  want  of  a better,  in  a great  variety  of  ways.  W e will 
proceed  to  explain  this  system  with  the  various  improvements  that  have 
been  introduced. 

Law  of  the  Squares  of  Distances. — The  principle  of  the  method  was  first 
enunciated  by  Kepler  the  astronomer,  and  is  known  as  the  law  of  the 
squares  of  the  distances.  It  may  be  stated  conveniently  as  follows  ; When 
a luminous  source  is  qilaced  successively  at  various  distances  from  a screen 
which  it  illuminates,  the  quantities  of  light  received  on  this  surface  vary  in  an 
inverse  ratio  with  the  squares  of  the  successive  distances  of  the  luminous  source 
from  the  screen.  Thus  if  the  distance  is  doubled,  the  intensity  of  the  light 
will  be  four  times  less.  It  will  be  nine  times  feebler  if  the  distance  is 
trebled,  &c.  In  a word,  if  Q represents  the  quantity  of  light  received  by 
the  screen  at  unit  distance,  the  quantity  received  at  the  distance  D will 
be  given  by  the  formula 


This  law  may  be  demonstrated  as  follows  : Suppose  that  L,  Fig.  65,  is 
a luminous  point  emitting  light  in  all  directions  in  the  interior  of  two 
spheres,  having  radii  R and  Rb  It  is  clear  that  the  total 
quantity  of  light  received  by  the  interior  surfaces  of  the 
two  spheres  will  be  the  same,  since  each  intercepts  the  same 
number  of  luminous  rays.  If  we  take  on  each  sphere 
segment  of  surface  S,  the  quantity  of  light  intercepted  by 
this  surface  on  each  sphere  will  be  in  the  ratio  of  S to  the 
total  surfaces  of  the  sphere.  We  shall  thus  have 

Light  received  by  S on  the  sphere  R _ S 
Light  received  by  the  sphere  R 4 tt  R* 

In  the  same  way 

The  light  received  by  S on  the  sphere  R,  S 
Light  received  on  the  sphere  R,  4 ir  R,^ 

Whence 


The  light  received  by  S on  the  sphere  R 
Light  received  by  S on  the  sphere  R* 


Another  geometrical  law  allows  the  evaluation  of  the  quantities  of  light 
to  be  made,  which  emanate  from  a luminous  point,  and  are  received  on  a 
screen  at  various  angles.  The  quantity  of  light  received  hy  an  element  of 
surface,  varies  as  the  cosine  of  the  angle  between  the  normal  to  this  element  of 
surface  and  the  ray  of  light. 
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This  law  can  be  demonstrated  as  easily  as  the  preceding.  Let  L, 
Fig.  66,  be  a luminous  point,  A B Aj  the  section 
of  an  element  of  surface  lighted  normally  by  L. 

Let  us  suppose  a second  position  C B Ci  of 
the  same  element  making  an  angle  o,  with  the 
first.  Fig.  66. 

The  element,  in  this  new  position,  will  not  receive  more  than  the  rays 
comprised  in  the  figure  a L Oi  represented  by  the  ratio 

a a, 

A A, 

or, 

a B 
XB 

if  the  element  A A^  is  sufficiently  small  in  proportion  to  the  distance  L B. 
Under  these  conditions  it  may  be  admitted  that  the  angle  C « B is  a right 
angle,  and  consequently  in  the  right-angled  triangle  C « B we  have 

a B a B a a, 

C B = cos  u,  = ^ 

which  proves  the  theorem.* 

These  laws  serve  as  a basis  to  the  problem  of  photometry.  They  may 
be  all  written  in  one  formula.  Calling  S an  element  of  surface,  I the 
intensity  of  the  rays  emitted  normally,  w the  angle  with  which  the  pencil 
of  rays  is  emitted  in  the  plane,  w,  the  angle  of  incidence  of  the  rays  on  the 
plane,  D the  distance  between  the  luminous  point  and  the  illuminated 
surface ; then  the  illumination  E of  this  surface  will  be  expressed  by  the 
formula 

„ S.I.  cos  10  cos 


* Tliis  law  may  also  be  expressed  thus  : 7 he  intensity  of  illumination  of  a surface  liyhted  obliquely  is 
jwoijortional  to  the  section  of  the  rays  falling  upon  it,  taken  at  a plane  perpendicular  to  their  direction  . Let  A be 
tlie  area  of  an  oblique  surfaee,  the  whole  of  which  is  lit  by  rays,  the  area  of  a section  of  which,  taken  in  a plane 

perpendicular  to  their  direction,  is  B;  then  I the  intensity  of  illumination  of  the  oblique  surface  equals 

For  if  tlie  oblique  surface  a i be  illuminated  by  rays  falling  upon  it  in  the  direction  of  the  lines  1, 
2 ...  6,  to  wliich  h c is  perpendicular,  then  only  the  same  area  of  light  that  would  be  intercepted  at  h c is 
intercepted  at  a h.  lienee  the  intensity  of  illumination  per  unit  of  area  of  the  surface  a h is  less  tluan  that 

li  c 

which  would  obtain  per  unit  of  surface  b c ; the  ratio  being  . Now  J 
a c b being  a right  angle,  b c equals  cosine  of  angle  a be.  Again,  bd  is  ’ 
the  normal  or  perpendicular  to  the  obliijue  surface  a b • and  it  may  be  < 
proved  geometrically  that  the  angle  cc(iuals  the  angle  a Let  " 
the  angle  dbc  be  called  w:  then  the  intensity  of  illumination  of  tlie  surfaee  ab  per  unit  of  area  is  propor- 
tional to  the  section  of  the  rays  at  tlie  plane  b c ; or  what  is  the  same  thing,  is  proportional  to  the  cosine 
of  angle  w which  the  direction  of  the  rays  makes  with  the  normal  to  the  inclined  surface, 
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This  will  perhaps  be  more  readily  understood  by  a simple  example  : 
Let  a h,  Fig.  67,  represent  the  ground- 
glass  side  of  a box  in  which  a light  is  c ^ 
enclosed,  and  let  c d represent  a ground- 

glass  screen.  Rays  of  light  would  pass  Fig.  67. 

from  ah  to  c d in  the  direction  ef\eg  and  f h being  the  respective  normals 
to  the  surfaces,  and  w u,  the  respective  angles  with  those  normals.  Suppose 
that  both  w and  «»i  are  angles  of  30°,  of  which  the  cosine  is  ^ ; that  the 
intensity  of  illumination  of  a h per  unit  surface  is  20 ; and  also  that  the 

distance  between  a h and  c cHs  5 : then  f ^ ^ a ^ 2 _ 1.  _ relative  inten- 


sity of  illumination  of  surface  c d. 

We  have  already  said  that  the  eye  appreciates  with  difficulty  the 
relative  values  in  the  intensities  of  two  different  luminous  sources ; but  it 
can,  on  the  other  hand,  appreciate  with  more  accuracy  when  the  two  surfaces, 
brought  near  to  each  other,  are  lighted  equally  by  two  sources  placed  at 
different  distances,  and  emitting  their  rays  through  the  same  angles.  In 
this  case,  if  we  call  E the  illumination  of  the  two  equal  screens  by  two 
sources  I and  Ij,  placed  at  distances  D and  D,,  we  shall  have 


Whence 


A 

l>r 


This  formula  contains  the  fundamental  principle  of  the  photometric 
method  very  generally  adopted  on  account  of  its  simplicity.  It  consists  in 
illuminating  two  adjacent  screens  C B and  Cj  Bj,  Fig.  68,  ^ 

by  two  lights  I and  L directed  against  the  screens,  the  lines  | 

m I,  nil  L making  with  the  plane  x y,  normal  to  the  two  screens,  \ ^ I 

equal  and  sufficiently  small  angles.  The  plane  x y separates  \ i 

the  two  sources  of  light  in  such  a way  that  each  screen  is 
illuminated  only  by  one  of  them.  The  standard  light  I is  J 

displaced  progressively  along  the  line  m I until  the  observer 
placed  at  y sees  that  the  two  screens  are  equally  illuminated.  Then  the 


distances  ml  and  m^  L are  measured,  and  the  proportion  repre- 


sents the  ratio  of  the  luminous  intensity  of  L to  the  unit  1. 

This  method  which  we  have  briefly  explained  is  due  to  Bouguer,  a 
French  physicist  who  lived  at  the  commencement  of  the  eighteenth  century, 
and  who  has  fairly  a claim  to  be  considered  as  the  inventor  of  the  photometer. 
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It  was  described  by  him  for  the  first  time  in  a pamphlet  published  in  1729, 
under  the  title  of  “ Essai  Optique  sur  la  Gradation  de  la  Lumiere.” 

Bouguers  Photometer. — The  photometer  devised  by  Bouguer  is  an  appli- 
cation of  the  simplest  conditions  of  the  law  of  the  square  of  the  distance.  It 
consists  of  a wooden  frame  containing  two  equal  apertures  covered  with 
semi-transparent  paper,  and  an  opaque 
partition  separating  the  lights  and  at 
right  angles  to  the  screen.  Fig.  B9 
shows  the  general  arrangement  of  the 
apparatus.  The  light  I is  shifted  until 
the  observer  on  the  remote  side  of  the 
screen  sees  the  two  apertures  equally 
lighted,  the  distances  d,  D of  the  lamps 


from  the  screen  are  then  measured,  and  the  ratio 


ofives  that  of  the 


intensities. 


Ritchies  Photometer. — This  is  a simple  modification  of  the  preceding 
apparatus.  The  two  lights  to  be  compared,  are  placed  on  opposite  sides  of 
a rectangular  tube  A B blackened  on  the 
inside,  and  a part  of  one  surface  of  this 
tube  is  replaced  by  a sheet  of  oiled  paper 
or  a screen  of  ground  glass  a h,  Fig.  70,  on 
which  two  plane  mirrors  M M^,  inclined  at 
an  angle  of  45°,  reflect  the  rays  from  the 
two  lights.  The  observer  examines  the  screen  through  a second  tube  also 
blackened  on  the  inside,  which  limits  the  field  of  view  and  cuts  ofl  all 
extraneous  light.  The  mirrors  may  be  replaced  by  sheets  of  white  paper, 
Foucault. — Foucault’s  photometer  which  is  largely  in  use,  is  based  on 
the  same  principles  as  the  preceding.  It  consists  of  a vertical  frame  of 
blackened  wood,  in  which  is  formed 
a small  opening  at  the  height  of  the 
eye  ; Fig.  71  shows  a front  and  a 
side  elevation  of  the  important  parts 
of  the  apparatus.  Tliis  frame 

A B C D is  generally  furnished  with  Fig.  7i. 

inclined  wings  Aj  Bj  Cj  Di,  and  receives  between  two  lateral  grooves  a 
plate  of  translucent  glass,  one  part  of  which  appears  behind  the  o})cning 
abed.  A screen  E F is  placed  perpendicularly  to  the  glass,  dividing  it  into 
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two  equal  parts.  It  is  furnished  with  a graduated  scale,  which  slides  in  a 
horizontal  guide,  and  traverses  its  front  face,  in  such  a manner  that,  in 
moving  it,  the  operator  can  move  the  screen,  and  adjust  its  distance  from 
the  glass  plate,  so  as  to  reduce  to  a single  line  the  shadow  separating  the 
two  luminous  surfaces.  To  make  the  tints  uniform,  the  glass  plate  is  often 
covered  with  a second  piece  of  transparent  coloured  glass.  It  is  not  alto- 
gether an  easy  matter  to  select  suitable  glass  for  the  comparison  of  the 
luminous  surfaces.  It  should  be  sufficiently  translucent  to  allow  the  rays  to 
pass,  without  the  lights  themselves  becoming  visible,  and  it  should  appear 
uniformly  illuminated  over  its  whole  surface.  In  this  respect  ground  glass 
is  scarcely  suitable,  because  the  grain  on  the  surface  is  too  large.  Opal 
glass  po.ssesses  another  objection  pointed  out  by  M.  Crova  in  a recent 
work.  The  relative  opacity  of  glass  of  this  nature  is  obtained  by  pulverulent 
matters  held  in  suspension,  more  or  less  equally  distributed,  which  diffuse  in 
all  directions  blue  and  violet  rays,  and  is  freely  traversed  by  the  red  rays,  in 
such  a manner  that  by  diffusion,  such  glass  appears  of  a blue  tint,  while  by 
transmission,  it  is  red.  What  is  far  more  satisfactory  is  a clear  glass  made 
opalescent  by  a very  uniform  deposit  of  finely  powdered  starch  reduced  by 
levigation. 

A condition  essential  for  accuracy  in  results,  consists  in  removing  the 
photometer  and  the  eye  from  all  other  lights  but  those  which  are  to  be  com- 
pared, and  in  eliminating  diffused  and  reflected  light.  This  is  done,  first,  by 
examining  the  luminous  surfaces  through  a cone  or  cylinder  of  blackened 
cardboard  which  has  the  incidental  advantage  of  keeping  the  eye  at  a fixed 
distance  from  the  plate ; next,  in  fixing  the  apparatus,  and  in  placing  the 
operator  in  the  greatest  obscurity  possible.  For  this  purpose  the  simplest 
mode  is  to  fix  the  photometer  at  the  end  of  a dark  room,  entirely  closed  on 
one  side  behind  the  lamp,  and  on  the  other  behind  the  operator.  Such  a 
room  can  be  very  easily  made  with  a light  wood  framing,  over  which  a black 
opaque  fabric  is  stretched,  so  as  not  to  admit  any  external  light.  In  this  way 
the  photometer  is  illuminated  only  by  the  lights  that  are  to  be  compared. 
This  process  requires  usually  two  operators,  one  observing  the  intensities, 
and  the  other  the  displacement  of  the  standard  lamp,  according  to  the  indi- 
cations of  the  former.  The  light,  of  which  the  value  is  to  be  ascertained,  is 
fixed  at  a determined  distance,  measured  accurately  on  the  line,  passing 
through  its  centre,  and  that  of  the  photometer.  The  standard  lamp  is 
movable  on  a graduated  scale,  and  a line  drawn  from  its  centre  to  that  of 
the  photometer,  makes  the  same  angle  as  the  light  to  be  measured.  It  is 
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advisable  to  decide  upon  the  equality  in  tint  of  the  glass  only  after  two 
operations ; first,  in  placing  the  standard  lamp  at  too  great  a distance,  and 
then  moving  it  up  gradually  to  the  right  point ; the  other,  in  placing  it  at 
too  small  a distance,  and  removing  it  gradually. 

The  Degrand  Photometer. — By  some  special  modifications  of  the  Fou- 
cault photometer  the  services  of  an  assistant  may  be  dispensed  with,  as  well 
as  all  the  preliminary  adjustments,  by  fixing,  correctly  and  finally,  the  posi- 
tion of  the  standard.  Other  modifications  permit  measurements  to  be  taken 
under  different  angles.  We  can  best  indicate  how  these  special  conditions 


Fig.  72. 


Fig.  73. 

are  supplied  in  the  Degrand  photometer,  by  referring  to  a notice  published 
by  MM.  Sautter,  Lemonnier,  and  Co.,  relative  to  photo-electric  apparatus 
employed  by  the  French  Navy.  The  details  are  shown  in  Figs.  72,  73,  74, 
and  75.  The  standard  lamp  M is  placed  on  a small  carriage  L,  fitted  with 
an  index  N,  corresponding  to  the  axis  of  the  lamp,  which  is  displaced  along 
the  graduated  scale  O O,  whilst  the  carriage  is  shifted  between  the  grooves 
of  the  frame  B B,  O O.  Tliis  movement  is  produced  by  means  of  the  long 
screw  J,  which  the  operator  moves  by  means  of  the  small  handwheel  I,  and 
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a nut  fixed  under  the  carriage.  The  frame  B B,  O O is  free  to  move  laterally 
on  the  curved  guides  D E F,  in  such  a way  as  will  vary  the  angle  of  inci- 
dence of  the  rays  on  the  plate  of  the  photometer.  This  latter  G is  only  a 
Foucault  photometer  mounted  on  a foot  H,  about  which  it  can  be  revolved. 
The  source  to  be  measured  is  placed  on  a special  bracket,  Figs.  74  s^od  75, 
allowing  rays  from  it  at  all  angles  comprised  between  70°  above  the  hori- 
zontal and  70°  below,  to  be  directed  towards  the  photometer.  The  rays,  how- 


ever, especially  those  from  the  light  at  but  a small  angle  from  the  horizontal, 
fall  upon  the  photometer  screen  almost  perpendicularly.  The  mirror  simply 
deflects  a ray  of  any  required  angle,  from  the  source  of  light  to  the  photo- 
meter ; the  chief  use  of  this  photometer  being  the  comparison  of  the  illumi- 
nating power  of  rays  at  various  angles  from  the  horizontal  line.  The  bracket  is 
placed  upon  a line  traced  on  the  ground  at  an  angle  corresponding  to  the  angle 
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of  the  frame  B O.  Figs.  74  and  75  show  the  different  portions  of  this  support. 
It  consists  of  a foot  A carrying  two  guides  B C,  between  which  can  be 
shifted  the  carriage  E,  on  which  the  electric  lamp  is  placed,  and  it  is  fixed  in 
position  by  means  of  the  locking  screw  F ; a small  index  H determines 
the  height  of  the  luminous  point.  This  slides  in  front  of  the  graduated  scale 
D,  the  divisions  of  which  correspond  to  one  millimetre,  the  distance 
apart  of  the  carbons.  The  experiment  is  controlled  as  follows  ; The 
electric  lamp  is  raised  above  the  screen  I to  make  a first  observation 
on  a horizontal  plane ; afterwards  the  position  of  the  mirror  frame  is 
altered,  so  as  to  bring  it  successively  to  divisions  marked  in  advance 
on  the  graduated  scale,  and  corresponding  to  angles  of  emission  rising  by 
increments  of  10°.  For  each  measurement,  the  observer  displaces  the  stan- 
dard lamp  by  means  of  the  handwheel  I,  until  the  luminous  bands  produced 
on  the  screen  appear  to  him  to  have  the  same  intensity.  He  then  reads  on 
the  scale  O the  distance  d ; D being  the  distance  between  the  electric  lamp 

/D  V 

and  the  photometer ; the  intensity  will  be  given  by  the  ratio  \ ^ • It  is 

necessary  to  correct  the  results  obtained  by  multiplying  them  by  a coefficient 
which  depends  upon  a the  angle  of  incidence.  Taking  a=l  for  a direct 
observation  on  a horizontal  plane,  then  with  a silvered  mirror  the  co- 
efficients for  the  undermentioned  angles  will  be  : 


For  10° 

a = 

1.470 

}) 

20 

a = 

1.350 

30 

a = 

1.240 

40 

a = 

1.176 

50 

a = 

1.173 

60 

a ~ 

1.167 

70 

a = 

1.162* 

Wolff's  Photometer. — Mr.  C.  Wolff  described  in  the  Journal  de 
Physique”  (Vol.  I.,  1872,  p.  81)  a photometric  apparatus  derived  from  those 
which  we  have  described,  and  which  was  especially  arranged  for  astronomical 
observations.  The  following  is  a brief  description  : On  a table  two  collimators 
a and  6,  Fig.  76,  are  fixed  horizontally,  and  a telescope  c,  the  object-glasses 
having  each  a focal  length  of  about  forty  centimetres.  In  the  direction 

* It  will  be  noticed  from  the  illustration  that  the  angles  of  incidence  and  reflection  at  the  mirror  are 
much  larger  when  nearly  horizontal  rays  are  taken,  than  when  those  are  taken  which  more  nearly  approach 
a vertical  direction.  It  should,  however,  be  remembered  that  the  reflecting  power  of  a mirror  depends  not 
only  upon  the  degree  of  polish,  and  nature  of  its  surface,  but  increases  with  the  obliqueness  of  the  rays 
incident  upon  it ; for  the  loss  of  intensity  of  illumination  due  to  obliqueness  of  incidcnco  is  accompanied  by 
increased  intensity  of  reflection. 
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Fig.  76. 


of  the  axis  of  the  collimator  h is  placed  on  a second  table,  a small  moderator 
lamp  h,  mounted  on  a carriage  that 
slides  on  two  rails,  and  which  the 
operator  can  move  to  and  fro  by  means 
of  the  cords  i and  j.  A second  lamp 
g,  which  is  to  be  measured,  is  placed 
on  a movable  bracket.  These  two 
lamps  have  the  bases  of  their  glass 
chimneys  surrounded  with  a cardboard 
sleeve  containing  a circular  opening 
at  the  height  of  the  centre  of  the 
flame.  The  rays  passing  from  the 
lamp  g traverse  the  collimator  a,  and 
fall  on  a small  silvered  mirror  e,  movable  around  a graduated  circle,  and 
which  can  be  shifted  in  such  a way  as  to  reflect  the  luminous  ray  on  a totally 
reflecting  prism  d,  which  covers  one-half  the  object-glass  of  the  telescope  c. 
The  rays  proceeding  from  the  lamp  h are  received  direct.  The  plates  closing 
the  tubes  of  the  collimators  contain  two  semicircular  openings  arranged  in 
such  a way  that  the  observer  can  see  by  means  of  the  telescope  two  openings, 
which  appear  to  the  observer  side  by  side,  with  their  vertical  diameters 
adjacent.  The  comparison  of  intensities  is  thus  made  without  difficulty. 

Cornu’s  Photometer. — Another  French  physicist,  M.  A.  Cornu,  has 
published  in  Xa  Lumih'eElectriquei^  on  ember,  1881),  a series  of  photometric 
researches  which  should  be  referred  to  here,  because  the  apparatus  that  he 
employed  is  based  upon  observations  made  with  two  adjacent  luminous 
surfaces,  as  in  the  photometers  of  Bouguer,  Foucault,  and  those  derived 
from  them.  Nevertheless  it  differs  notably  from  these,  in  the  fundamental 
principle,  of  the  method,  which  utilises  the  discovery  made  by  Bouguer, 
referring  to  a property  of  lenses,  which  may  be  thus  deflned.  The  focal 
image  of  an  illuminating  body  produced  by  a lens  is,  as  to  form,  independent 
of  the  size  and  shape  of  the  aperture  ; and,  as  to  intensity,  is  proportional 
to  the  area  of  this  aperture.  The  photometer  constructed  by  M.  Cornu  to 
carry  out  this  principle,  is  formed  of  two  identical  achromatic  object-glasses, 
the  optical  axes  of  which  intersect  at  about  double  the  common  focal  distance. 
Each  of  these  objectives  throws  upon  a white  screen  the  image  of  two 
diaphragms,  and  behind  these  are  the  luminous  sources  to  be  compared.  On 
each  object-glass  is  a double  metal  plate  carrying  a small,  peculiarly  con- 
structed diaphragm.  This  is  composed  of  two  plates  superposed,  each 
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having  a square  opening.  These  plates  can  be  displaced  relatively  to  each 
other  by  means  of  a small  pinion,  arranged  as  shown  in  Fig.  77,  which 
causes  the  two  square  openings  to  move  in  opposite  directions. 

When  the  two  plates  cover  each  other  exactly,  the  two  openings 
coincide,  and  give  passage  to  the  maximum  number  of  luminous 
rays.  By  turning  the  pinion  the  openings  are  displaced,  and 
the  size  of  the  resultant  opening  is  reduced,  the  square  form  and 
the  same  central  point  being  always  maintained  until  one  of  the 
holes  is  completely  covered.  A small  graduated  scale  indicates 
at  each  moment  the  length  of  side  of  the  corresponding  square. 

The  lights  to  be  compared  being  placed  near  the  diaphragms, 
the  apparatus  is  adjusted  so  as  to  have  very  distinct  images,  the  edges  of 
which  must  coincide.  Equal  intensity  is  then  sought  by  opening  the  dia- 
phragm full  in  front  of  the  feeblest  light,  and  by  adjusting  the  pinion  of  the 
other  diaphragm.  In  this  way  the  ratio  of  the  intensities  is  obtained  by 
taking  the  inverse  ratio  of  the  surfaces  of  the  corresponding  squares.  The 
experiment  can  be  repeated  by  testing  it  on  a smaller  opening  of  the  first 
diaphragm.  In  this  way  several  results  can  be  obtained,  the  mean  of  which 
may  be  taken.  Any  differences  that  proceed  from  any  variation  in  the  two 
object-glasses  can  also  be  corrected,  by  exchanging  them  and  taking  the 
averasfe  of  reversed  observations.  If  the  luminous  sources  are  of  different 
colours,  they  can  be  equalised  with  tinted  glass,  and  the  divergence  of  hue  may 
be  reduced  by  weakening  the  intensities  of  the  images  on  the  screen,  since, 
as  M.  Cornu  says,  ‘‘the  eye,  in  experiencing  a gradual  reduction  in  its  impres- 
sions, appears  to  lose  the  perception  of  colour  before  losing  that  of  intensity.” 
Either  by  the  use  of  a coloured  glass,  or  by  reducing  the  intensities,  two 
ratios  are  obtained,  the  mean  of  which  may  be  taken.  This  method  may  be 
modified  so  as  to  apply,  not  to  images  thrown  on  a screen,  but  to  aerial 
images  themselves,  which  are  brighter  and  better  defined.  In  order  that 
the  eye  may  observe  them  simultaneously  by  one  observation,  it  is  necessary 
that  the  optical  axes  of  the  two  object-glasses  should  be  made  to  coincide. 
M.  Cornu  effects  this  by  means  of  a glass  placed  at  an  angle  of  45°,  which 
transmits  the  rays  of  one  of  the  two  object-glasses,  and  diverts  the  others 
by  reflection,  so  as  to  obtain  two  contiguous  images.  The  equality  in  the 
intensity  of  these  two  images  does  not  give  direct,  the  ratio  of  the  illumi- 
nating power  of  the  sources  being  compared,  because  the  reflection  and  the 
refraction  of  the  glass  do  not  reduce  the  luminous  rays  in  the  same  propor- 
tion. It  is  necessary  in  this  case  to  use  an  auxiliary  source,  and  to  employ 
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the  following  indirect  method.  Let  K be  the  ratio  of  intensities  transmitted 
by  reflection  and  refraction  ; Ij  the  intensities  of  the  two  lights.  In 
making  the  two  experiments  we  shall  have 


K ‘ = m.  And  K -p  = » 

lo  ii 

Whence 


<b 

k 


It  should  also  be  remarked  that  the  glass  polarises  the  rays,  and  if  the  two 
incident  rays  be  previously  polarised,  the  method  would  cease  to  present  the 
same  simplicity.  Moreover,  the  two  faces  of  the  plate  give  each  of  them  an 
independent  image,  but  one  of  these  may  be  suppressed  by  using  a plate  of 
sufficient  thickness.  Fig.  78  shows  the  arrangement  adopted  by  M.  Cornu. 
A B is  a piece  of  black  glass  placed  at  an  angle  of  45°  c;^ 

to  the  direction  of  the  optical  axes  of  the  object-glasses  | 

L Lj  — placed  themselves  at  right  angles  to  each  other — j 

and  in  such  a way  that  the  edge  B is  at  the  intersection 
of  these  axes,  perpendicularly  to  their  plane.  The  two 
pencils  of  rays  from  L and  Lj  will  thus  produce  two 
images  on  one  side  and  the  other  of  the  axis  B C,  one  to 
the  right,  visible  by  transmission,  the  other  to  the  left, 
visible  by  reflection,  and  separated  by  the  image  of  the 
edge  B.  By  placing  a microscope  at  c,  provided  with  a 
circular  diaphragm  c^,  the  field  of  vision  will  be  two  semicircles  separated 
by  a vertical  diameter.  One-half  will  represent  the  fixed  intensity  of  the 
auxiliary  source,  the  other  will  vary  according  to  the  opening  of  the  photo- 
metric screen.  M.  Cornu  points  out  that  according  to  the  principle  of  the 
apparatus,  in  order  that  the  method  should  be  correctly  applicable,  it  is 
necessary  for  the  eye  to  receive  all  the  light  emanating  from  this  source,  or 
emanating  from  the  opening  of  the  diaphragm ; it  is  necessary,  therefore,  to 
be  sure  that  the  minimum  square  opening  of  the  photometer  L is  wholly 
visible  in  the  circular  ring  of  the  microscope,  and  that  the  opening  in  the 
objective  L,  or  the  image  of  the  source,  is  also  wholly  visible  and  concentric 
with  the  image  of  the  square  opening. 

In  a further  note  M.  Cornu  has  given  an  application  of  the  preceding 
method  for  investigating  the  intensity  of  the  electric  light,  by  replacing  the 
direct  observation  by  an  indirect  one,  that  suppresses,  or  at  least  reduces 
the  oscillations  inseparable  from  the  voltaic  arc.  It  consists  in  setting  the 
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luminous  source  in  the  middle  of  a spherical  chamber  painted  white  inside 
in  such  a way  as  to  make  it  more  uniform  by 
reducing  the  direct  lighting.  Let  A B,  Fig.  79,  be 
the  position  of  the  spherical  surface  placed  in  a dark 
chamber  X Y ; 0 its  centre,  and  E the  electric  lamp. 

Placed  symmetrically  with  E is  a tube,  blackened 
inside,  and  provided  with  an  opening  G Gi,  widened 
out  so  as  to  receive  the  rays  of  a part  of  the  sjihere 
on  a screen  H H of  ground  glass.  Behind  this  tube 
the  photometer  above  described,  is  placed  with  its 
glass  M N admitting  through  the  diaphragm  e e^, 
rays  from  the  standard  light  K.  By  placing  succes- 
sively at  E,  the  various  luminous  sources  to  be 
compared,  the  ratios  of  their  intensities  can  be 
obtained. 

Massons  Photometer. — The  following  is  the  description  of  a photometer 
of  a totally  different  character  devised  by  M.  Masson,  and  described  by  him 
in  a long  article  published  in  Vol.  XV.  of  the  ‘‘  Annales  de  Physique  et  de 
Chimie.”  This  photometer  is  based  on  the  following  principle  : If  we  take 
a disc  of  white  cardboard  on  which  alternate  black  and  white  sectors  are 
drawn,  as  shown  in  Fig.  80,  and  if  we  impart  to  this  disc  a rapid  movement 
of  rotation  by  any  convenient  mechanism,  it  will  appear 
to  be  of  a uniform  tint.  If  this  revolvino-  disc  be  illumi- 

O 

nated  suddenly  by  a light,  and  for  a sufficiently  short 
interval,  the  disc  will  have  the  appearance  of  being 
motionless,  and  the  sectors  will  be  seen  separate  and 
distinct.  If  the  effect  of  this  instantaneous  illumination 
be  gradually  reduced  by  removing  the  disc,  then  at  a certain  distance  the 
excess  of  illumination  which  the  light  throws  on  the  disc  will  become  too 
feeble  for  the  sectors  to  be  distinguished,  and  the  disc  will  again  become  of  a 
uniform  tint.  The  distance  at  which  the  sectors  cease  to  be  rendered  visible 
is  variable  with  each  observer,  but,  according  to  M.  Masson,  is  always 
sensibly  constant  for  the  same  eye,  if  the  conditions  of  vision  remain  the 
same.  The  special  object  with  which  this  photometer  was  designed  was  to 
measure  flashing,  and  especially  electric  lights.  It  will  be  found  that  by 
making  the  flashes  to  be  c6mj)arcd,  ])lay  successively  on  the  disc  at  the  fixed 
distances  when  the  sectors  cease  to  bo  visible,  the  ratio  of  the  squares  of 
these  distances  will  give  the  ratios  of  the  intensities.  The  measure  of  the 


\ 
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absolute  intensity  of  the  flashing  in  relation  to  the  permanent  light,  depends 
on  the  number  of  sectors  and  the  speed  of  rotation.  The  greater  or  less 
accuracy  of  the  measurements  will  depend  on  the  capacity  of  the  eye  to 
appreciate  the  precise  point  where  the  sectors  cease  to  be  visible.  Ex- 
periments prove  that  this  limit  is  very  clearly  marked,  and  that  the  point 
can  be  seized  without  difficulty. 

To  convert  the  apparatus  into  an  ordinary  photometer  capable  of  com- 
paring permanent  lights,  it  is  sufficient  to  direct  two  similar  flashes  on  the 
disc,  illuminated  by  the  two  continuous  lights,  and  in  each  case  to  adjust 
them  gradually  until  the  sectors  cease  to  be  visible  during  the  continuance 
of  the  flash.  The  experimenter  will  note  in  every  case  the  distance  of  the 
source  from  the  screen,  and  the  ratio  of  the  squares  of  the  distance  will  give 
the  ratio  of  intensities.  The  photometer  of  M.  Masson  consists  of  a disc, 
as  shown  in  Fig.  81,  about  8 centimetres  in  diameter,  on  which  are  drawn 
sixty  black  and  white  sectors.  This  disc  is  secured  to  a copper  support 
fixed  to  an  axis  connected  to  clockwork  in  the  box  a.  By  means  of  a detent 
the  disc  may  be  made  to  revolve  at  a speed  of  from  200  to  250  revolutions 
per  second.  AtB,  Fig.  81,  is  a box 
in  the  form  of  a lantern  opposite 
the  disc,  and  pierced  on  one  side 
with  an  opening  to  allow  the  rays 
from  a Carcel  lamp  placed  inside,  to 
pass.  This  box  can  be  moved  along 
a graduated  scale  c cl,  which  gives 
the  distance  of  the  flame  from  the 
centre  of  the  disc.  The  scale  is  set 
at  an  angle  of  45°  to  the  plane  of 
the  disc.  In  another  direction,  at 
an  angle  of  45°,  are  placed  on  the  table,  two  scales  ef,  e^f^,  in  the  form  of 
rails,  on  which  slides  a small  carriage  g,  carrying  two  cylindrical  glass  rods 
fitted  with  two  balls,  between  which  the  sparks  play,  and  which  can  be  set 
closer  together  or  farther  apart  by  a micrometer  screw.  One  of  these  is 
connected  by  the  copper  hook  i with  an  insulated  mercury  trough  li  /d  ; the 
other  is  in  electrical  connection  with  a second  raised  channel  h P,  in  which 
dips  a metal  strip  d connected  to  the  second  ball.  The  terminals  are 
connected  at  h and  h in  such  a manner  that  the  circuit  remains  constant,  no 
matter  what  may  be  the  position  of  the  carriage  g.  The  spark  is  derived 
from  a Leyden  jar  placed  in  an  adjoining  room  with  the  electrical  machine. 

i2 
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By  substituting  for  the  Carcel,  the  electric  or  other  lamp  which  it  is 
desired  to  compare,  all  the  elements  of  the  experiment  are  obtained. 
M.  Tchikoleff,  the  Russian  physicist,  who  is  a member  of  the  Electrical 
Congress,  has  drawn  attention  to  this  somewhat  forgotten  photometer,  the 
use  of  which  he  recommended. 

HammerVs  Photometer. — Dr.  Hammerl  makes  use  of  revolving  sectors 
in  photometry  in  quite  a different  way,  namely,  to  reduce  the  light  coming 
from  any  intense  source,  as  from  an  electric  arc,  before  it  is  allowed  to  fall 
on  the  screen.  For  this  purpose  he  uses  a revolving  disc  with  three  sector- 
like openings  cut  in  it.  This  disc  is  placed  in  the  path  of  the  beam,  and 
interrupts  a certain  proportion  of  the  rays,  corresponding  to  the  area  of  the 
solid  portion,  while  the  remainder  pass  onward  to  the  screen.  By  employ- 
ing two  discs,  placed  in  contact  and  adjustable  with  relation  to  one  another, 
the  size  of  the  openings  can  be  varied  at  will  by  causing  the  solid  parts  of 
one  disc  to  overlap  the  openings  of  the  other  to  a greater  or  less  extent,  and 
thus  the  brilliancy  of  the  light  under  examination  can  be  greatly  varied. 

Instead  of  employing  two  discs,  one  may  be  used  having  openings 
whose  angular  apertures  gradually  diminish  from  the  centre  to  the  circum- 
ference. By  this  arrangement  the  circle  of  light  on  the  screen  gradually 
diminishes  in  brilliancy  from  the  centre  outwards.  It  is  projected  on  to  a 
grease  line,  instead  of  on  to  a spot,  and  at  one  particular  point  on  that  line 
balances  the  standard  light,  consequently  from  a computation  of  the  area 
of  the  opening  in  the  disc  at  the  radius  corresponding  to  that  point,  the 
intensity  of  the  light  can  be  determined. 

RumforcVs  Photometer. — The  photometer  of  Count  Rumford  is  based  on 
the  indications  given  by  Lambert  in  a work  published  in  1760,  called 
“ Photometria  sive  de  Mensura  et  Gra- 
dibus  Luminis,  Colorum  et  Umbras.” 

It  is  prior  to  that  of  Foucault,  and  in 
a chronological  point  of  view  ought 
to  find  a place  by  the  side  of  that  of 
Bouguer.  Fig.  82  explains  the  ar- 
rangement and  principle  clearly.  A B 
is  a screen  before  which  is  placed  a 
vertical  rod  C.  On  two  straight  lines 
forming  equal  angles  with  the  plane  of 
the  rod  C,  perpendicular  to  the  screen, 
the  lights  L are  placed,  which  are  to  be  compared.  These  two  lights 
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project  on  the  screen  two  shadows  C'  C"  of  the  rod  ; one  of  the  lamps  is 
shifted  until  the  shadows  appear  of  equal  intensity.  Then  it  is  clear  that 
the  shadow  C"  cuts  off  from  L as  much  light  as  cuts  off  from  L\  The 
ratios  of  the  intensities  will  then  be  given  by  the  ratios  of  the  squares 
of  the  distances  of  each  light  from  its  shadow.  This  process  is  very  con- 
venient for  rapid  measurements,  which  do  not  require  any  great  degree  of 
accuracy.* 

Bunsens  Photometer. — This  photometer  is  one  of  those  most  in  use. 
It  is  based  on  the  fact  that  if  a paper  screen  on  which  is  a semi-transparent 
grease  spot,  is  placed  between  two  lights,  the  spot  will  disappear  when 
equally  illuminated  on  both  sides.  The  photometer  constructed  on  this 
principle  consists  essentially  (Figs.  83  and  84)  of  a graduated  scale  from 
3 metres  to  3.50  metres  long,  on  which  slides  a small  carriage  carrying 
a frame,  and  an  index  which  records  its  position.  The  frame  is  fitted  with  a 
paper  diaphragm  treated  with  a solution  of  spermaceti  in  benzine,  with  the 
exception  of  a circular  spot  in  the  centre.  Sometimes  the  opposite  arrange- 
ment is  employed,  a translucent  spot  being  made  in  the  middle  of  the 
opaque  diaphragm.  In  this  photometer  a candle  is  generally  employed  as  a 
standard.  In  one  of  the  arrangements  shown  in  Fig.  84,  the  candle  is  placed 
on  the  arm  of  a balance  which  regulates  the  hourly  consumption  of  spermaceti. 
In  this  case,  as  in  the  preceding,  the  screen  is  enclosed  in  a thin  metallic 
cylinder  open  at  both  ends,  and  having  two  longitudinal  slots,  by  which 
the  two  sides  of  the  paper  disc  can  be  observed.  It  is  more  convenient,  as 
shown  in  Fig.  85,  to  place  on  each  side  of  the  diaphragm,  two  mirrors  inclined 
at  an  angle  of  45°,  which  allow  the  experimenter  to  observe  the  reflections 
on  both  sides  of  the  screen  at  the  same  time.  Fig.  85  shows  how  the 
apparatus  is  adapted  for  using  the  Carcel  lamp  as  a standard.  The  lamp 
and  the  system  of  screen  and  mirrors  are  rigidly  connected  and  move 
together.  In  all  these  arrangements  the  frame  carrying  the  diaphragm  is 
shifted  on  the  scale  until  the  spot  ceases  to  be  visible,  and  the  division  on 
the  graduated  scale  as  marked  by  the  index,  is  then  noted.  The  distance  of 
the  screen  from  the  lights  is  thus  recorded,  and  the  ratio  of  the  squares  of 
those  distances  will  give  that  of  the  intensities.  The  three  illustrations 

* A full  description  of  Rumford’s  method  of  using  his  apparatus,  with  plates  showing  the  nature  of  the 
screen  employed,  will  be  found  in  “The  Complete  Works  of  Count  Rumford,”  published  by  the  American 
Academy  of  Arts  and  Sciences,  Boston,  1875,  Vol.  IV.  Count  Rumford  was  an  American  by  birth  and 
education,  his  real  name  being  Benjamin  Thompson.  He  was  created  Count  by  the  King  of  Bavaria,  to 
whom  he  rendered  many  important  services.  It  may  be  of  interest  to  add  that  he  was  the  founder  of  the 
Royal  Institution  of  Great  Britain. 
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of  Bunsen’s  photometer  show  instruments  adapted  for  measuring  the 
intensity  of  gas  jets,  hut  the  arrangement  would  be  identical  for  measur- 


ino-  that  of  an  electric  liLdit.  The  illustrations  are  borrowed  from  the 
])ortfolio  of  the  Continental  Company  for  the  Manufacture  ol  Gas  Counters 
and  other  apparatus. 
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The  German  physicist  Carstaedt  has  described  in  Poggendorff’s 
“Annalen”  (Vol.  CL.,  page  551)  an  experimental  verification  of  the  law  of 
the  squares  of  the  distances,  founded  on  the  use  of  the  Bunsen  photometer. 
If  Q and  Qj  be  the  quantities  of  incident  light  received  from  the  two 
sources  ; B,  Hi,  the  fractions  reflected  by  the  opaque  portion  of  the  dia- 
phragm ; and  V,  Vj,  the  fractions  transmitted  by  the  oiled  portions,  at 
the  moment  when  the  spot  disappears,  we  have  evidently 


R Q -f-  V Q = Ri  Qi  + Vj  Qj. 

That  is 

Q (R  + V)  = Q,  (R,  + Vp 

Whence 

Q _ Ri  -i-  5^1 
Q,  ""  RTV 


Fig.  85. 


The  coefficients  B,  Bi,  V and  Vj  depending  wholly  on  the  photometer, 

it  follows  that  the  ratio  ^ is  constant.  Now,  if  we  admit  as  correct  the  law 

of  the  squares  of  the  distances,  we  shall  have,  employing  the  ordinary 
notation, 

Q = ^ ; Qi  = -^2 

Whence 


9=1 

Q:  b 


X 


The  ratio  q-  remaining  the  same  during  a series  of  experiments,  it 
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follows  then  that  must  be  equally  constant.  It  is  this  that  M.  Car- 

staedt  has  verified  and  illustrated  by  numerous  tabulated  exjDeriments.* 

Wheatsto7ie’s  Photometer. — The  following  is  the  description  of  a very 
rarely  used  instrument,  founded  on  the  permanence  of  luminous  impressions 
on  the  retina,  for  periods  of  about  one-tenth  of  a second.  A bright  steel 
bead  A (Fig.  86)  is  fixed  on  a blackened  disc  B,  carried  on  a small  moving 
pinion  C,  which  can  travel  round  the  inner  circumference  of  a toothed  ring 
D,  If  the  pinion  set  in  movement 
by  the  handle  E makes  a complete  b* 
turn  in  less  than  one-tenth  of  a 
second,  and  if  the  bead  is  lighted  by 
any  luminous  source,  the  eye  will 
perceive  p»ermanently  the  luminous 
epicycloid  traced  out  by  the  revolving 
bead.  If  the  bead  is 


Fig.  86. 


illuminated  simultaneously  by  two  lights. 


two 


* The  foregoing  mathematical  explanation  supposes  the  diaphragm  of  the  Bunsen  photometer  to  be 
quite  opaque  in  one  portion,  and  perfectly  transparent  in  the  greased  part.  It  is,  however,  semi-opaque  and 
semi-transparent ; for  if  the  diaphragm  is  illuminated  on  one  side  only,  to  an  observer  on  the  same  side  as 
the  source  of  light  the  greased  portion  appears  darker  than  the  surrounding  paper,  because  more  light  is 
transmitted  through  the  semi-transparent  greased  part  than  through  the  remaining  semi-opaque  part.  To 
an  observer  on  the  other  side  of  the  diaphragm  the  greased  part  appears  the  brighter.  Hence  there  is 
both  reflected  and  transmitted  light,  on  all  parts  of  both  sides  of  a diaphragm  illuminated  by  a standard 
light,  and  one  to  be  compared  with  it.  When  the  grease  spot  disappears  to  an  observer,  it  is  evident  that 
the  reflected  and  transmitted  light  received  by  him  from  each  unit  of  surface  area  of  the  semi-opaque  part, 
are  together  equal  to  the  transmitted,  plus  the  reflected  light  received  by  him  from  the  semi-transparent 
part.  Suppose  a standard  source  of  light  S ; we  have  from  the  side  of  diaphragm  next  that  light, 

R ==  light  reflected  per  unit  of  surface  of  semi-opaque  part, 

}•  = ,,  ,,  ,,  semi-transparent  part; 

and  on  the  opposite  side  of  diaphragm, 

V = light  transmitted  ,,  semi-transparent  part, 

V — ,,  ,,  semi-opaque  part. 

R r V V 

And  if  Q = the  quantity  of  light  received  on  the  diaphragm  from  S,  -x,  -p:,  and  ,,  will  be  the  respec- 

tive  fractions  of  Q transmitted  or  reflected,  as  the  case  may  be,  per  unit  area.  Similarly  from  a source  S 

• 7*  V « 

to  be  compared  with  the  standard,  a similar  series  of  fractions  n"’’  TT*  " obtained. 

h!|  Cci  Vi  Vi 

It  will  be  obvious  that  when  the  greased  portion  appears  to  an  observer,  on  the  side  next  tlie  standard 


light,  to  be  similarly  illuminated  to  the  semi-opaque  portion,  it  is  because 


R-r 

■q 


Qi 


giving  % = 


R-r 


R 

Q ^ q: 


q! 


Q’ 


whence 


Qi  V.-t;, 

Ri)Vr  Q V -V 

Similarly,  to  an  observer  on  the  other  side,  .v  7T  ~ n r!  ’ ~ T> T 

When  the  spot,  as  observed  from  both  sides  of  the  diaphragm,  appears  of  the  same  character,  it  is 
evidently  because  Q=Q,.  If  then  the  quantity  of  light  received  is  the  same  on  both  sides  of  the  diaphragm, 
it  must  be  because  I,  the  intensity  of  illumination  of  the  standard  source,  is  in  the  same  ratio  to  I,,  the 
intensity  of  the  source  to  be  measured,  as  are  the  squares  of  the  distances  d of  the  standard  source  and  d, 
of  the  other  source  from  the  diaphragm.  For,  by  the  law  of  the  squares  of  distances  Q = ; and  Q,  = 

I I.  T /,/\2 

Whence  when  Q = Q|,  — = — l 


d- 


hC'J 
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brilliant  spots  will  be  seen,  and  two  epicycloids  of  different  luminosity  will 
be  formed,  the  brightness  of  which  will  be  equalised  by  j)lacing  the  appa- 
ratus at  a suitable  distance  from  both  lights.  When  this  is  effected,  the 
ratio  of  the  squares  of  the  distances  will  give  the  ratio  of  intensities  of  the 
two  sources. 

Aragos  Photometer. — The  celebrated  physicist  Arago  published  in 
Vol.  X.  of  his  scientific  memoirs,  several  notes  on  photometry,  which  have 
resulted  in  two  methods,  one  of  which  is  based  on  the  phenomenon  of 
Newton’s  rings,  and  the  other  on  polarisation.  In  describing  these  instru- 
ments, we  may  recall  the  experiments  on  which  they  rest,  and  give  a brief 
explanation  of  them. 

1.  Coloured  rings.  Let  us  suppose  that  on  a glass  plate  AB  (Fig.  87) 
we  place  a very  flat  lens  C D ; we  shall  then  have 
an  optical  system  that  will  produce  by  reflection  and 
refraction,  a series  of  concentric  coloured  rings.  Fig.  87. 

When  the  eye,  placed  above  m,  receives  the  rays  falling  on  the  apparatus, 
it  perceives  at  the  point  of  contact  of  the  lens  and  the  plate,  a dark  spot, 
surrounded  by  a series  of  regularly  recurring  iris-coloured  rings,  produced 
entirely  by  interference.  These  rings  become  oval  if  the  eye  deviates 
from  its  normal  position.  If,  on  the  other  hand,  the  eye  is  placed  so 
as  to  receive  the  rays  by  transmission  through  the  system  of  plate  and 
lens,  the  bright  rings  seen  will  appear  less  brilliant,  the  central  space  will 
be  bright,  and  the  rings  will  succeed  each  other  as  in  the  previous  experi- 
ment. If  monochromatic  light  be  employed,  the  rings  will  appear  alter- 
nately bright  and  dark,  the  former,  seen  by  reflection,  corresponding  in 
position  to  the  latter  when  seen  by  transmission,  and 
vice  versd.  If  we  arrange  the  lens  as  shown  in  Fig.  88, 
that  is  to  say  in  such  a manner  that  the  eye  placed 
at  0 observes,  on  a paper  screen  A B,  the  rings  seen 
by  transmitted  and  by  reflected  light  simultaneously, 
the  rings  disappear,  proving  that  the  same  rings  of 
the  two  systems  have  complementary  colours  of  equal 
intensities.  This  experiment  is  due  to  Young  and  to 
Arago.  If  we  intercept  the  rays  coming  from  one  of  the  sides,  only  one 
of  the  systems  of  rings  will  disappear. 

Arago  deduced  from  this  experiment  the  following  photometric 
method.  The  two  lights  to  be  compared  are  placed  one  on  each  side  of 
the  lens  and  plate,  and  the  brighter  light  is  moved  until  all  appearance 


Fig.  88. 
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of  the  rings  has  disappeared.  The  illumination  is  then  the  same  on  each 
side,  and  it  only  remains  to  apply  the  law  of  the  square  of  the  distances  to 
find  the  ratio  of  intensities. 

2.  It  is  also  to  Arago  that  we  owe  the  polarising  photometer,  the 
principles  of  which,  viz.,  those  of  double  refraction  and  polarisation,  it  may 
be  useful  to  explain.  Double  refraction  is  a phenomenon  discovered  by 
Bartholinus  in  1670.  It  is  exhibited  in  a high  degree  by  Iceland  spar, 
which  is  crystallised  calcic  carbonate.  These  crystals  possess  the  remark- 
able property  of  giving  two  refracted  rays  and  two  images.  The  laws 
of  this  phenomenon  were  investigated  by  Huyghens.  Crystals  of  Iceland 
spar,  suitably  cut,  take  the  form  of  an  oblique  parallelopipedon,  of  which 
the  limiting  sides  are  parallelograms  with  equal  angles,  arranged  so  that 
two  opposite  edges  of  the  parallelopipedon  are  the  vertices  of  regular  tri- 
hedral angles.  The  axis  of  these  trihedral  angles,  i.e.,  the  line  equally 
inclined  to  the  three  edges,  is  called  the  axis  of  the  crystal,  and  along  this 
axis  and  all  lines  parallel  to  it,  optical  phenomena  are  distributed  sym- 
metrically. Any  plane  containing  the  axis  or  parallel  to  it,  is  called  a 
]orincipal  plame.  When  a ray  falls  on  such  a crystal  it  is  split  up  into 
two  elementary  rays,  one  of  which  follows  the  law  of  sines,  and  is 
consequently  called  the  ordinary  ray,  whilst  the  other  which  does  not 
follow  that  law,  is  called  the  extraordinary  ray.  When  the  incident  ray  is 
perpendicular  to  the  face  of  the  crystal,  the  ordinary  ray  is  an  extension  of 
it,  and  the  extraordinary  ray  is  refracted  laterally.  The  two  correspond- 
ing images  appear  of  equal  intensity,  so  long  as  the  incident  ray  coincides 
with  the  normal. 

If  we  allow  the  two  emergent  rays  to  fall  on  a second  crystal,  they  will 
give  rise  to  four  images  of  different  intensities,  according  to  the  relative 
j)ositions  of  the  two  crystals.  It  should  be  remarked  that  two  of  these 
images  always  disappear  simultaneously. 

It  will  be  seen  that  the  ordinary  and  extraordinary  rays  possess  this  pro- 
perty, that  if  they  are  received  on  a second  crystal,  then  in  two  rectangular 
positions  of  the  })rincipal  plane  of  this  second  crystal,  the  emergent  rays 
are  successively  extinguished  two  by  two.  The  light  is  polarised,  and 
the  plane  of  polarisation  is  that  ])lane  to  which  the  princij)al  ])lane  of  the 
crystal  which  receives  the  })olarised  ray  is  parallel,  when  the  emergent 
extraordinary  ray  is  extinguished.  It  is  hardly  necessary  to  add  that 
Iceland  spar  is  not  the  only  substance  which  ])osscsses  this  property. 
Double  refraction  is  a phenomenon  common  in  a greater  or  less  degree  to 
all  crystals. 
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We  niay  now  proceed  to  examine  how  Arago  used  the  phenomena  of 
polarisation  for  plmtometric  measurements.  His  first  object  was  to  demon- 
strate the  accuracy  of  the  method  ; and  it  may  not  be  out  of  place  to 


Fig.  89. 

explain  how  he  arrived  at  this  result,  by  analysing  rapidly  one  of  his  papers 
on  photometry,  published  in  the  first  volume  of  his  scientific  memoirs. 
Figs.  89  and  90  illustrate  the  apparatus  he  constructed  : F is  a large  sheet 
of  white  paper  stretched  on  a frame  and  illumi- 
nated uniformly  from  behind.  A plate  of  glass 
is  shown  at  V,  and  T is  a tube  fitted  with  a 
diaphragm  and  a vertical  slit.  This  tube  is 
movable  in  a horizontal  plane  around  an  axis 
situated  about  the  middle  of  the  plate.  It  is 
carried  by  a light  frame,  and  can  be  displaced 
angularly  around  the  point  O,  its  angular  dis- 
placement being  read  on  the  graduated  circle  A ; 

Z is  a ring  movable  within  a second  ring,  very 
minute  motions  being  susceptible  of  accurate 
measurement.  It  can  also  be  displaced  longi- 
tudinally to  varying  distances  from  the  opening 
of  the  tube,  by  sliding  upon  the  frame.  At  E E\  on  each  side  of  the  plate, 
are  two  small  supports,  which  hold  between  their  clips  two  screens  N, 
formed  of  two  blackened  strips  and  slit  longitudinally  to  admit  the  light 
transmitted  by  the  large  screen  Fh  If  the  tube  T is  placed  somewhat 
obliquely  to  the  plate,  the  eye,  at  its  extremity,  will  see  on  the  glass  the 
reflected  image  of  the  slit  E\  and  the  transmitted  image  of  the  slit  E.  The 
tube  may  be  shifted  until  the  two  images  have  the  same  intensity.  Then 
the  transmitted,  will  be  equal  to  the  reflected,  light.  Instead  of  illuminated 
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slits,  Arago  also  used  blackened  wires,  which  intercept,  the  one  at  E a 
portion  of  the  light  received  by  reflection,  and  the  other  that  transnoitted  to 
it  by  the  reflected  light.  The  two  lights  will  be  of  equal  intensity  when  the 
two  shadows  are  equally  dark. 

With  the  apparatus  this  equality  is  found  when  the  axis  of  the  telescope 
is  inclined  at  an  angle  of  11°  8'  to  the  glass  plate. 

To  find  the  obliquity  when  one  of  the  images  is  half  or  a quarter  of  the 
other,  a prism  of  rock-crystal  is  placed  at  P.  It  is  turned  round  until  the 
ordinary  and  extraordinary  images  are  of  equal  intensity.  The  tube  T is  then 
displaced  until  the  transmitted,  is  just  equal  to  either  of  the  reflected,  images, 
and  its  displacement  is  noted.  By  means  of  a second  prism,  the  intensity 
of  either  image  may  be  again  halved,  and  the  transmitted  image  may  be 
reduced  to  one-fourth  the  intensity  of  the  primitive  image.  A series  of 
angles  may  be  determined  in  this  way,  and  the  corresponding  intensities 
tabulated. 

The  preceding  theory  supposes  that  no  radiations  are  quenched  or 
absorbed  in  the  various  reflections  and  refractions,  i.e.,  that  the  incident  ray 
is  precisely  equal  in  intensity  to  the  sum  of  the  reflected  and  refracted  rays. 
Arago  verified  this  by  inclining  T at  an  angle  of  11°  8',  and  placing 
a second  plate  parallel  to  the  first,  but  at  some  distance,  in  order  to  send 
back  the  reflected  light.  The  fixed  plate  thus  receives  in  place  of  direct 
rays,  the  integral  of  the  rays  reflected  and  transmitted  by  the  second  plate, 
and  it  is  always  found  that  the  two  images  are  equal  when  the  inclination  of 
T is  exactly  11°  8'.  This  being  done,  in  order  to  eheck  the  accuracy 
of  the  law  of  polarisation  of  Malus,  Arago  placed  one  of  the  small  screens 
above  the  plate  V in  such  a way  as  to  throw  into  the  tube  only  the  rays 
coming  directly  from  the  illuminated  pa]:)er.  The  other  screen  placed  lower 
down  allowed  the  rays  to  pass,  which  are  transmitted  from  the  plate.  The 
rays  were  again  divided  into  two  groups  of  equal  intensity  by  a bi-refracting 
prism.  The  ordinary  ray  was  received  on  a second  prism  parallel  to 
the  first,  and  was  divided  into  two,  and  it  was  necessary  to  ascertain  if  the 
ordinary  ray  varies  as  the  square  of  the  cosine  of  the  angle  between  the 
principal  planes  of  the  two  prisms.  To  do  this,  the  tube  T was  displaced 
until  the  intensity  of  the  reflected  light  was  equal  to  that  of  the  light  coming 
from  the  illuminated  screen  across  the  two  prisms.  The  tables  give  the 
measure  of  the  first  intensity,  and  the  second  is  then  known.  The  principal 
planes  of  the  prisms  are  displaced  to  difterent  angles,  and  by  proceeding  in 
the  same  way  the  corresponding  intensities  are  obtained.  In  this  way  it 
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may  be  shown  that  they  agree  with  the  results  obtained  by  calculation,  and 
the  correctness  of  the  law  is  thereby  established. 

Duboses  Photometer. — The  formula  and  deductions  of  Malus  have 
served  as  the  basis  for  a series  of  instruments  devised  by  various  physicists 
for  different  photometric  observations.  We  need  not  attempt  to  describe 
all,  because  the  greater  number  have  for  their  object  the  measurement  of 
the  intensity  of  solar,  lunar,  or  stellar  light.  We  may,  however,  refer  to 
the  arrangement  devised  by  M.  Dubose,  and  based  on  the  same  principles. 
Let  us  consider  two  bi-refracting  prisms  B Fig.  91,  uj^on  which  impinge 
rays  from  two  sources  of  intensities  I and  Ib  The  ordinary  and  extraordi- 
nary images  given  by  these  prisms,  seen  through  an  analyser,  will  have  for 
their  intensities,  = i cos^  a V = I'  cos’  a 

= I siir  a Ij*  = I'  sin’  a 

If  the  two  prisms  are  turned  round,  B 45°  to  the  left,  and  B^  45°  to 
the  right,  the  intensities  will  become, 

lo  = I cos’  (4  5 - a)  lo*  = I’  cos’  (45  + a) 

I,  = I sin’  (45  - a)  = I sin’  (45  + a). 

If  we  suppose  that  by  any  means  we  can  arrive  at  suppressing  the  extra- 
ordinary image,  we  shall  see  in  the  analyser  only  two  images,  the  inten- 
sities of  which  will  be 


or, 

and 


Io  = I cos’  (45  — a)  V = cos’  (45  + a). 

By  turning  the  analyser  to  a suitable  angle  we  can  make  lo  = Ig,  from 
which  we  shall  have 

I cos’  (45  - a)  = I*  cos’  (45  + a), 

I sin’  (45  + a)  = I*  cos’  (45  + a), 

I'  sin’  (45  -f-  a)  , , ,,  K \ 

I cos’  (45  + a) 

The  ratio  of  intensities  is  thus  reduced  to  a simple  reading  of  angles. 

The  photometer  itself  consists  of  a copper  tube  50  millimetres  in  diameter 
and  35  centimetres  long.  Fig.  92.  It  carries  at  the  end,  which  is  turned 
towards  the  light  to  be  compared,  the  two  prisms 
B and  Bb  At  the  other  end  is  an  eye-piece  con- 
taining the  analyser.  This  latter  is  enclosed  in 
a tube  which  turns  around  its  axis  by  means  of  a 
rack  gearing  into  the  circumference  of  a large 
circular  plate  that  acts  as  a screen.  Within  the 
tube  everything  is  symmetrical  around  a central 
vertical  plane.  In  the  diagram  Fig.  n n is  a 
screen  that  divides  into  two  equal  parts  the  plate  Fig.  gi. 
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of  ground  glass  m m^ , and  separates  the  field  of  each  of  the  lights  to  be 
compared.  A A is  a double  prism  of  glass  intended  to  make  the  images 


Fig.  92. 


diverge,  and  to  correct  any  imperfect  achromatism  in  the  prisms  B ; the 
part  c c'  consists  of  two  jdates  of  glass.  The  extraordinary  ray  is  extin- 
guished by  the  glass  when  it  falls  within  a convenient  angle  given  to  the 
glass  plate,  and  this  curve  (Fig.  93)  rises  very 
rapidly  beyond  25°  or  30°  in  such  a way  that 
a slight  variation  of  only  the  ordinary  ray  is 
allowed  to  pass.  D is  a bi-convex  lens,  and  E the 
analysing  piism  ; F G is  the  eye-piece  forming 
with  the  lens  D,  a microscope  focussed  on  the 
screen  m m^.  If  we  make  tan^  (45-|-a)  = i’  and  Fig.  93. 

construct  the  curve  of  which  the  abscissa;  would  be  a,  and  the  ordinates  v,  we 


shall  see  a small  change  in  the  angle  a gives  a great  variation  in  the  ratio 


li- 


lt is  necessary,  therefore,  to  arrange  the  light  in  such  a way  as  to  produce 
almost  the  same  illumination  on  the  screen,  correcting,  however,  the  result 
obtained  by  the  ratio  of  the  squares  of  the  distances.  The  process  has  this 
advantage,  that  when  the  lights  are  once  arranged,  they  need  not  be  again 
displaced.  It  is  sufficient  to  turn  the  analyser  by  which  the  maximum, 
minimum,  and  mean  variations  of  the  light,  can  be  easily  measured. 

1 he  various  photometric  methods  that  we  have  described  are  those 
most  generally  employed.  In  addition  to  them  there  ai’e  many  others  based 
on  different  assunqitions  more  or  less  correct,  and  to  which  it  Avill  be 
interesting  to  refer  in  genei’al  terms. 

Leslie’s  Photometer. — Leslie  has  attempted  to  transform  his  differential 
thermometer  into  a photometer.  The  thermometer  is  conqiosed,  as  is  well 
known,  of  thin  glass  bulbs  connected  by  a small  tube  in  which  is  ])laced 
a suitable  quantity  of  a coloured  liquid  which  rises  or  falls  according  to  the 
difference  in  temperature  of  the  bulbs.  In  the  j)hotometcr  (Figs.  94  and  95) 
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one  of  these  is  gilt,  and  the  apparatus  is  placed  so  that  both  are  at 
the  same  distance  from  the  light  to  be  measured. 

The  calorific  effect  is  to  displace  the  level  of  the 
liquid,  and  this  would  also  represent  the  luminous 
value  if  the  two  phenomena  were  strictly  proportional. 

This,  however,  is  not  the  case,  and  the  instrument  can 
only  be  usefully  employed  to  measure  different  inten- 
sities of  the  same  light,  and  even  with  such  observa- 
tions, only  approximate  results  are  obtained. 

In  his  “ Inquiry  into  the  Nature  and  Propagation 
of  Heat,”  London,  1804,  Leslie  describes  this  instru- 
ment as  beinof  best  constructed  with  one  bulb  of  black 
enamel  glass,  the  other  of  plain  glass.  He  gives  two 
illustrations,  and  prefers  that  shown  in  Fig.  94  for  labo-  pig.  94. 
ratory  use.  The  other  is  a pocket  instrument. 

The  following  is  his  description  of  its  action.  “ The  incident  rays  freely 
traverse  the  clear  ball  without  exciting  any  effect.  They  are,  however, 
detained  and  absorbed  at  the  surface  of  the  black  ball : and  there,  assumiiiir 
a latent  form,  act  as  heat ; hence  the  temperature  of  the  black  ball  con- 
tinues to  rise  till  the  increasing  dispersion  of  heat  caused  by  refrigeration, 
becomes  equal  to  the  regular  supply  derived  from  the  incessant  influx  of 
light.” 


Fig.  95. 


Ritchies  Photometer.— K\icX\\e,  in  1825,  suggested  a modification  of 
Leslie’s  instrument.  He  supposes  that  as  heat-rays  when  they  acquire 
sufficient  periodic  frequency  are  able  to  give  the  sensation  of  light,  light- 
rays  are  converted  into  heat  when  a substance  arrests  them  which  can 
decrease  the  rapidity  of  their  vibration,  and  so  render  them  invisible.  His 
instrument  is  based  on  the  opinion  that  equal  volumes  of  air  would  be 
equally  expanded  by  an  equal  absorption  of  light  rays  by  black  surfaces, 
and  on  the  principle  that  the  intensity  of  light  varies  inversely  as  the 
square  of  the  distance  from  the  luminous  body. 

A B (Fig.  96)  are  two  shallow  cylinders  of  tin-plate,  from 
2 in.  to  12  in.  in  diameter,  and  from  ^ in.  to  1 in.  deep.  One 
end  of  each  is  closed  by  tin-plate  soldered  air-tight.  The  two 
outer  faces  are  closed  by  the  thickest  and  finest  plate-glass, 
also  fitted  air-tight.  More  effectually  to  cut  off’  heat-rays,  double 
plates  of  glass,  parallel  with  each  other  and  with  water  between 
them,  were  sometimes  used.  The  connecting  pieces  C are  glass 


Fig.  96. 
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rods.  Half  way  between  the  inner  surfaces  of  the  glass  and  the  metal 
ends  is  stretched  in  both  cylinders  a sheet  of  blackened  bibulous  paper. 
The  U tube  contains  sulphuric  acid  tinged  with  carmine.  The  scale  is 
divided  into  equal  parts.  Accuracy  depends  on  the  perfect  equality  of  the 
two  ends,  to  ascertain  which,  the  instrument  is  placed  between  two  steady 
flames,  and  moved  nearer  one  or  the  other  till  the  liquid  remains  at  zero. 
The  instrument  is  then  turned  half  round  upon  a suitable  turn-table,  so 
that  it  is  not  shifted  as  regards  the  lights.  If  the  liquid  remains  at  zero 
the  instrument  is  correct.  Ritchie  mentions  that  he  had  constructed 
instruments  which  were  affected  by  a single  candle  at  a distance  of 
30  ft.,  while  they  were  not  sensibly  affected  by  a mass  of  hot  iron  afford- 
ing considerably  more  heat.  An  instrument  found  to  be  correet  by  the 
above  method,  placed  between  two  groups  of  unequal  numbers  of  candles, 
each  giving  light  of  equal  intensity  to  each  of  the  rest,  was  found  to  stand 
at  zero  when  distant  from  the  groups  as  the  square  roots  of  the  number  of 
lights  in  those  groups.  Thus  nine  lights  at  3 ft.  distance  balanced  four 
lights  at  2 ft.  distance.  Leslie’s  instrument  depended  for  its  action  upon  a 
difference  of  temperature  being  maintained  in  the  two  bulbs,  by  one  of  the 
sources  of  lights  to  be  measured — separate  measurements  being  taken  to 
compare  one  source  with  another.  In  Ritchie’s  instrument  the  two  sources 
are  directly  balanced  one  against  the  other  by  inequality  of  distance.  There 
is  no  reason  why  means  should  not  be  adopted  to  eliminate  the  heat  rays 
and  the  chemical  rays  by  suitable  screens  or  prisms.  The  results  of  ex- 
periments with  the  instrument  so  arranged  would  give  the  requisite  data 
for  ascertaining  whether  the  instrument  could  be  depended  upon  for 
ascertaining  the  values  of  the  luminous  rays.  Ritchie  says  he  was  able 
with  this  instrument  to  compare  the  light  of  the  sun  directly  with  a single 
candle.  Certainly,  if  this  be  the  case,  and  the  results  are  such  as  can  be 
depended  upon,  this  almost  forgotten  instrument  is  worthy  of  some  further 
trials. 

Professor  Balfour  Stewart,  of  Owen’s  College,  Manchester,  recently 
invented  a modification  of  Leslie’s  photometer.  He  blackened  a hemi- 
sphere of  the  globe  at  one  extremity  of  a [J  tube,  and  whitened  a hemi- 
sphere of  the  globe  at  the  other.  The  U tube  contained  oil.  The  dif- 
ference in  the  reaction  upon  the  contents  of  the  globes,  caused  respectively 
by  light  being  absorbed  at  the  black  hemisphere,  but  reflected  at  the  white, 
was  shown  by  a difference  in  the  densities  of  the  contents  of  the  globes, 
which  was  in  turn  shown  by  a disturbance  of  the  level  of  the  oil  in  the  (J 
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tube.  This  apparatus  is  described  in  the  Proceedings  of  the  Royal  Society, 
London,  for  March  23,  1876.  It  may  be  mentioned  that  Leslie  had  tried 
oil  and  various  other  liquids,  and  with  various  gases  in  the  bulbs  instead  of 
air.  He  however  preferred  strong  sulphuric  acid  tinged  with  carmine,  the 
bulbs  being  filled  with  air. 

Chemical  Photometers. — A system  of  phobometrical  measurement  is 
based  on  the  chemical  properties  of  luminous  rays.  This  method,  simple  as 
it  is,  contains  fundamental  errors  and  objections  that  render  it  useless  for 
accurate  measurements.  Chemical  and  optical  phenomena  are  not  com- 
parable, and  two  pencils  of  rays  may  have  such  characteristics  that  the  one 
possessing  the  highest  chemical  energy,  develops  the  lowest  lighting  power, 
and  vice  versa.  This  consideration  is  sufficient  to  show  the  inaccuracy  of 
such  a method.  The  first  physicists  who  employed  it,  MM.  Fizeau  and 
Foucault,  were  well  aware  of  the  defect,  and  freely  admitted  its  gravity  and 
extent.  Nevertheless,  it  can  be  made  to  give  useful  results  for  comparing 
different  intensities  of  the  same  kind  of  light.  It  has  also  a particular  interest 
which  justifies  a somewhat  detailed  description.  The  chemical  method  was 
the  first  employed  to  measure  the  intensity  of  carbon  rendered  incandescent 
by  a battery  current,  or  in  other  words,  of  the  voltaic  arc.  The  “Annales  de 
Chimie  et  de  Physique,”  1844,  Vol.  XI.,  page  370,  contain  a detailed  descrip- 
tion of  the  manner  in  which  the  distinguished  physicists  above  named, 
reduced  their  method  to  practice.  If  the  focal  image  of  a luminous  surface, 
obtained  by  means  of  a lens,  is  received  on  a sensitive  plate,  the  latter  will 
undergo  changes  varying  with  the  intensity  of  the  image  and  the  time  of 
exposure.  From  the  data  thus  obtained,  comparisons  can  be  made  between 
two  lights,  by  equalising  these  changes,  provided  the  relations  connecting 
the  intensity  of  the  focal  image  with  that  of  the  luminous  surface  are  known. 
Now,  if  we  call  the  latter  I,  i denoting  the  focal  intensity,  r the  radius  of 
the  aperture,  d the  focal  distance  of  the  lens,  and  2a  the  angle  under  which 
the  aperture  of  the  lens  is  seen  from  the  luminous  suiface,  these  various 
elements  are  connected  by  the  relation 

I 

I — — TTT  = I tan^  a. 
d‘ 

If  two  lights  of  intensities  I and  I^  give  at  the  lens  the  angles  2a  and  2a\ 
the  focal  images  producing  at  the  same  time  the  same  degree  of  chemical 
change  on  two  identical  resistent  films,  we  shall  have 

i = i',  whence  I tan’  a = I*  tan"  a’ 

Whence  I _ tan- 

1*  tail”  a 
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But  it  is  very  difficult  to  select  lenses,  the  elements  of  which  are  such  as  to 
bring  the  intensities  I and  to  exactly  equal  values  at  the  focal  image,  whilst 
it  is  more  convenient  to  extend  the  time  of  exposure  until  the  changes  are 
equal.  It  would  be  sufficient  then  to  assume  that  the  periods  of  exposure 
should  be  inversely  in  proportion  to  the  intensities.  MM.  Fizeau  and 
Foucault  endeavoured  to  ascertain  up  to  what  point  this  law,  which  appears 
plausible  at  first  sight,  has  a practical  application.  They  assumed  that  it 
would  hold  for  the  times  t and  d,  when  t is  less  than  ten  times  d.  In  this 

I f} 

case  it  may  be  admitted  that  -i  = j.  If  then  we  obtain  an  equal  degree  of 
change  during  the  periods  t and  d,  we  shall  have 

i I tan^  a 

I'  taii'^  a'  t 


I*  t tail-  a 

It  now  only  remains  to  explain  how  MM.  Fizeau  and  Foucault  esti- 
mated the  equality  of  change  in  the  sensitive  plate  at  points  affected  by  the 
two  images.  This  is  j^i’ecisely  the  delicate  part  of  the  operation.  The 
sensitive  solution  employed  was  the  silver  iodide  used  by  Daguerre,  and  the 
degree  of  alteration,  that  at  which  the  mercury  vapours  begin  to  condense 
and  develop  the  photographic  image.  The  sensitised  j)late  was  placed  in 
the  focus  of  the  lens  in  a dark  chamber,  and  the  image  of  the  light  was 
projected  upon  it.  By  producing  an  image  sufficiently  small,  it  was  possible 
to  shift  the  axis  of  the  instrument  without  throwinaf  it  out  of  the  focal 
plane,  and  by  raising  the  screen  during  a time  measured  by  a chronometer, 
it  was  ])ossible  to  obtain  on  the  plate  five  or  six  successive  images,  cor- 
responding to  diffei'ent  }>eriods  of  exposure.  Afterwards,  by  treating  the 
plate  with  vapour  of  mercury,  several  images  of  different  intensity  were 
produced,  and  it  was  easy  to  choose  from  among  them  the  image  corre- 
sponding to  the  time  of  a certain  exposure.  The  same  process  was  carried 
out  for  the  luminous  source  taken  as  tlie  standard,  and  in  this  way  all  the 
necessary  elements  were  obtained  for  comparing  the  intensities. 

Bunsen  and  Boscoe  have  also  carried  out  a numl)cr  of  photomctrical 
experiments  based  on  the  chemical  action  of  the  luminous  rays  on  the 
mixture  of  chlorine  and  hydrogen.  These  gentleman,  in  the  account  of 
their  experiment  pul)lished  in  Phil.  '^Ih'ans.,  1857,  mention  that  the  only 
previous  attempt  to  refer  the  chemical  action  of  light  to  a standard 
measure,  was  by  Dr.  Dmper.  He  collected  hydrogen  evolved  by  electi'olysis 
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over  hydrochloric  acid  saturated  with  chlorine.  This,  by  diffusion  of  the 
dissolved  chlorine  and  hy  added  chlorine,  gave  approximately  equal  quan- 
tities of  hydrogen  and  chlorine  mixed,  which  gases  almost  entirely 
disappeared  under  the  action  of  light.  The  alteration  of  volume  of  the 
gases  was  read  off‘  on  a scale,  and  being  proportional  to  the  time  of  the 
exposure,  within  certain  limits,  served  as  a measure  of  the  chemical  rays. 

But  the  gases  thus  pi-epared  were  not  of  constant  composition,  and 
there  were  no  means  of  ascertaining  the  relative  proportions  of  the  gases 
employed.  From  these  causes  an  exact  agreement  between  the  various 
indications  taken  with  Draper’s  instrument  was  imjDOSsible.  Another  source 
of  error  was  due  to  variations  in  the  density  of  the  gases. 

Draper  had  asserted  that  it  was  impossible  to  obtain  hydrogen  and 
chlorine  in  equal  volumes  by  electrolysis.  This  Messrs.  Bunsen  and  Eoscoe 
disproved.  A current  of  three  or  four  zinc  carbon  elements  was  passed 
through  hydrochloric  acid  of  1.148  sp.  gr.,  carbon  poles  being  used.  After  a 
time  evolution  of  chlorine  was  visible,  and  the  amount  gradually  increased. 
The  colour  of  the  liquid  became  deeper,  and  at  length  a point  was  obtained, 
more  or  less  quickly  according  to  the  strength  of  the  current  and  the 
quantity  of  hydrochloric  acid,  when  the  free  gases  were  in  a condition  of 
statical  equilibrium  with  those  absorbed  by  the  liquid.  From  that  point  the 
composition  of  the  free  and  absorbed  gases  remained  constant,  provided 
temperature  and  pressure  were  not  varied,  and  also  provided  the  hydro- 
chloric acid  in  the  liquid  electrolyte  did  not  diminish  below  a certain 
amount. 

The  composition  of  the  gas  absorbed  by  the  electrolyte  was  found  to 
vary  with  every  change  of  temperature  ; but  that  of  the  free  gas  remained 
the  same,  provided  the  equilibrium  alluded  to  was  not  disturbed.  When 
once  equilibrium  was  established,  the  gas  was  invariably  a mixture  of  one 
volume  of  hydrogen  with  one  volume  of  chlorine.  Numerous  experiments 
and  analyses  were  made  to  determine  that  fact,  and  also  to  ascertain  that  the 
water  holding  the  hydrochloric  acid  in  solution  did  not  undergo  decompo- 
sition, and  that  no  other  chlorine  compounds  were  formed. 

The  apparatus  they  used,  both  for  preparing  the  mixture  of  gases  and 
ascertaining  the  effect  of  light  upon  that  mixture,  is  illustrated  in  Fig.  97, 
and  was  adopted  as  being  the  best  method  of  excluding  all  disturbing 
causes,  and  of  referring  the  chemical  action  of  light  not  merely  to  compara- 
tive, but  even  to  an  absolute  measurement. 

The  glass  tube  a contained  two  carbon  electrodes  with  terminal 
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platinums  fused  into  the  glass.  This  electrolytic  cell  was  connected  by 
wires  h h with  the  four-cell  zinc-carbon  battery  C.  Another  electrolytic 
cell  d of  considerable  resistance  could  be  introduced  into  the  circuit  by 
interrupting  the  shorter  circuit  D ; and  by  this  means  the  evolution 
of  gases  in  a could  be  readily  reduced  from  a maximum  to  a minimum. 
The  tube  f which  conveyed  the  gases  from  a was  ground  into  the  neck  of  a, 
which  was  formed  so  as  to  make  a water  lute  at  g.  The  mouth  of  the  vessel 
a was  kept  forced  down  upon  mercury  in  the  jar  A,  by  means  of  its  own 
weight  and  that  of  the  apparatus  to  which  it  was  connected.  From  f the 
gases  could  pass  two  ways  : Through  a safety  manometer  m,  and  by  the 
pipe  2^  iiito  F,  which  contained  water  which  served  as  a pressure  regulator, 
by  shifting  the  position  of  in  the  sliding  collar  t ; the  waste  gases  passing 
into  G,  where  they  were  condensed  by  alternate  layers  of  slaked  lime  and 


charcoal.  Or,  through  the  washing  bulbs  W ; past  the  glass  stop-cock  h ; 
into  ^,  where  they  were  subject  to  the  action  of  light  when  required ; 
through  K and  / into  E,  which  was  a similar  condenser  to  G.  The  vessel 
i contained  2 or  3 cu.  cm.  of  water,  and  was  attached  to  the  tubes  by  ground- 
glass  joints,  perfectly  air-tight.  When  tlie  stop-cock  h was  open,  the  gas 
passed  by  W K into  E,  the  pressure  at  F being  regulated  to  cause  this. 
After  passing  for  a time  the  hydrochloric  acid  of  1.148  sj).  gr.  in  a and  the 
liquids  in  W,  i and  I became  saturated.  During  this  time  the  composition 
of  the  free  gas  was  undergoing  a continual  change,  vdiich  diminished  as  the 
liquid  approached  the  saturation  point.  When  this  j)oint  was  reached  an 
equilibrium  of  absorj)tion  was  established,  and  then  the  conq)osition  of 
the  free  gas  remained  perfectly  constant,  l)eing  a mixture  of  one  volume 
of  hydrogen  with  one  volume  of  chlorine. 

It  will  be  seen  that  the  gas  in  different  parts  of  the  apparatus  is  subject 
to  different  pressures.  At  the  electrodes,  it  is  under  the  pressure  of  the 
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liquids  in  a,  W,  i,  and  I ; in  the  tube / it  is  under  the  pressure  of  the  liquids 
in  W,  i,  and  1.  As  any  alteration  of  pressure  alters  the  composition  of  the 
free  gas  and  necessitates  a fresh  saturation,  it  was  necessary  to  stop  the 
passage  of  the  gases  through  ^ without  altering  the  pressure  there.  This  is 
effected  by  closing  the  stop-cock  h,  which  cuts  off  the  current  of  gas  without 
alteration  of  pressure  on  the  side  towards  The  gas  being  evolved  then 
passes  through  m into  F and  G ; but  the  evolution  at  the  electrodes  is 
immediately  checked  by  diverting  the  current  at  D as  before  explained. 
A sufficient  evolution,  however,  continues  to  keep  the  liquids  in  a and 
W ready  saturated  for  a fresh  experiment.  The  light  which  was  to  act 
upon  the  gas  in  i was  placed  upon  a support  at  o,  and  several  arrangements 
of  screens  were  adopted  to  shade  i from  the  heat  of  the  light,  and  from  that 
of  the  body  of  the  experimentalist.  One  of  the  arrangements  for  shading 
i from  the  light  is  shown.  There  is  a screen  L,  with  a tube  through  which 
the  rays  pass  to  the  convex  lens  M,  and  thence  through  the  cylinder  N 
which  contained  water,  the  ends  being  closed  by  glass  plates.  Of  course 
corrections  had  to  be  made  for  the  absorption  of  light  by  the  various  media 
through  which  it  was  passed. 

It  was  found  necessary  to  evolve  10  or  12  litres  of  gas  to  saturate  the 
10  or  12  grammes  of  water  in  the  apparatus. 

As  the  platinum  wires  were  destroyed  by  the  chlorine  in  a few  days, 
carbon  plates  were  cut  off  the  carbon  of  a zinc-carbon  cell,  which  had  been 
long  in  use,  and  these  were  boiled  in  aqua  regia,  and  then  made  white-hot 
in  a current  of  dry  chlorine  till  all  sublimation  of  volatile  chlorides  had 
ceased.  Platinum  wires  were  then  fixed  in  holes  bored  in  the  carbon  with 
a needle ; a glass  capillary  tube  was  passed  over  the  wire,  and  its  melted 
end  pressed  round  the  wire  into  the  carbon  ; the  rest  of  the  tube  was  fused 
on  to  the  wire.  The  upper  ends  of  the  carbons  were  then  saturated  with 
white  wax.  The  platinum  wire,  thus  protected  with  a glass  enamel,  was 
then  fused  into  the  upper  part  of  a.  By  these  means  the  platinum  was 
protected  from  contact  with  the  chlorine. 

Another  important  point  to  be  observed  was  that  the  electrodes  should 
never  be  allowed  to  come  into  contact  with  the  gases  above  the  liquid  in  a ; 
for,  acting  in  a similar  manner  to  spongy  platinum,  they  would  bring  about 
an  explosion. 

The  combination  of  the  mixed  gases  brought  about  in  i by  the  action 
of  the  light,  of  course  diminished  the  quantity ; consequently  some  of  the 
liquid  in  I was  driven  by  atmospheric  pressure  into  K.  The  amount  of  gas 
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thus  acted  upon  was  ascertained  i)y  means  of  the  scale  S,  upon  whieh  K 
is  placed. 

Professors  Bunsen  and  Roscoe  remark  in  the  paper  from  which  these 
particulars  are  taken,  that  this  apparatus  fulfils  the  following  conditions 
necessary  to  secure  exact  photo-chemical  measurement  : 

(1)  The  gas  which  is  exposed  to  the  action  of  the  light  is  composed 

of  equal  volumes  of  hydrogen  and  chlorine. 

(2)  It  contains  no  foreign  impurities. 

(3)  It  nowhere  conies  in  contact  with  caoutchouc  or  other  organic 

matter  that  would  alter  its  composition. 

(4)  The  change  of  pressure  during  a series  of  observations  is  imper- 

ceptible, owing  to  the  volume  of  water  in  I being  much  larger 
than  would  fill  the  tube  K. 

(5)  Statical  equilibrium  between  the  free  and  absorbed  gases  can  be 

perfectly  established. 

(6)  The  surface  of  water  in  i does  not  alter  its  position  during  the 

experiment,  so  that  the  hydrochloric  acid  produced  is  always 
absorbed  under  precisely  the  same  conditions. 

(7)  The  vessel  i is  covered  with  black  varnish  outside  to  the  level  of 

the  contained  water,  so  that  no  alteration  of  free  gas  dissolved 
in  water  occurs. 

(8)  The  volume  of  gas  entering  i from  the  tube  K is  very  small  com- 

pared with  the  total  volume  of  the  gas  ex])osed  to  light.  In 
most  of  the  experiments  it  was  tjoVo  every  division  of  the 
scale. 

(9)  The  disturbing  action  of  radiant  heat  is  fully  eliminated. 

Professors  Bunsen  and  Roscoe  found  that  the  first  action  of  light  upon 

the  mixture  of  chloride  and  hydrogen,  is  accompanied  by  a phenomenon 
which  they  term  ])hoto-chemical  induction.  Chemical  action  does  not  at 
once  commence  at  a maximum  rate.  It  is  at  first  very  sliglit,  almost,  if  not 
quite,  im])erceptible  ; but  it  gradually  increases  till  a jiermanent  maximum 
effect  is  reached.  This  maximum  is  reached  in  about  seven  to  ten  minutes 
after  tlie  vessel  v has  been  exposed  to  the  action  of  the  light. 

An  enlargement  in  the  condnning  power  is  also  seen  when  the  light  is 
suddenly  increased. 

When  the  vessel  i is  exjioscd  to  the  action  of  the  light,  the  absorption 
should  be  observed  by  noting  the  readings  on  the  scale  S at  regular  intervals 
of  one  minute.  When  the  maximum  rate  of  cond)ination  is  I’eached,  the 
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mean  of  every  three  or  four  readings  is  taken,  and  the  mean  of  three  or  four 
such  means  gives  the  result  witli  great  accuracy,  eliminating  the  small 
irregularities  due  to  the  capillary  resistance  of  the  tube. 

The  apparatus  is  easily  tilled,  and  is  operated  as  follows  : 

In  the  morning,  about  55  cu.  cm.  of  hydrochloric  acid  of  1.148  sp.  gr. 
are  placed  in  the  electrolytic  cell  a,  and  gas  is  made  to  evolve  at  such  a 
rate  as  to  cause  about  two  hubbies  per  second  to  pass  through  the  washing 
bulbs  and  the  bulb  i.  In  the  afternoon  the  acid  is  replaced  by  a fresh 
supply,  and  the  operation  is  repeated  with  this  important  exception : the  gas 
evolved  during  the  first  hour  is  not  passed  through  the  bulb  W,  but  the 
stop-cock  h is  kept  closed,  and  the  gas  passes  through  the  manometer  into 
the  condenser  G.  All  this  time  the  apparatus  is  kept  protected  from  light. 
After  passing  the  gas  for  about  three  hours  more,  the  stop-cock  h is  closed, 
and  the  apparatus  is  left  for  the  night.  In  the  morning  the  operations  of 
the  previous  afternoon  are  repeated,  with  fresh  acid,  allowing  the  impure 
gas  which  passes  off  during  the  first  hour  to  pass  into  condenser  G.  Readings 
may  then  be  taken  with  a standard  lamp  as  the  source  of  light.  It  will  be 
from  three  to  six,  or  even  nine  days,  according  to  circumstances,  before  the 
maximum  effect  of  the  light  of  the  lamp  is  noted  ; but  this  once  attained, 
the  instrument  can  be  used  for  comparative  measures  for  several  months. 
All  that  is  necessary  is  to  put  a fresh  sup})ly  of  acid  into  a,  pass  the  gas 
evolved  during  the  first  hour  into  G,  and  then  take  the  readings  with  the 
standard  flame,  after  the  gas  lias  passed  for  fifteen  minutes  through  i.  The 
stop-cock  h is  of  course  shut  during  an  observation ; and  when  it  is  closed, 
the  operator  should  not  forget  to  at  once  diminish  the  current,  through  or 
by  means  of  the  resistance  introduced  at  D,  without  which  precaution,  the 
equilibrium  of  the  gases  dissolved  in  the  acid  is  soon  destroyed,  owing  to 
combination  of  H and  a at  the  surfaces  of  the  carbon  electrodes. 

Access  of  air  to  the  washing  liulbs  and  to  i must  be  always  carefully 
prevented  ; for  if  the  atmosphere  of  ^ lie  exposed  to  the  air  but  for  a few 
minutes,  from  two  to  six  days’  saturation  will  bo  necessary  to  regain  the 
maximum  effects.  The  amount  of  air  or  other  gases  which,  mixed  with 
the  hydrogen  and  chlorine,  would  render  the  readings  incorrect,  is  said 
to  be  less  than  a billionth  part  of  the  total  gaseous  contents  of  i. 

Care  must  be  taken  also  to  reduce  the  intensity  of  the  light  to  be 
compared  with  the  standard,  to  such  a degree  as  will  not  explode  the  mixed 
gases.  A thin  glass  bulb  about  the  size  of  a pigeon’s  egg,  filled  with  these 
gases,  exploded  instantly  on  exposure  to  the  diffused  daylight  of  an  over- 
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clouded  sky  at  an  open  window.  Parts  of  the  apparatus  have  also  exploded 
when  exposed  to  evening  light  after  the  sun  had  sunk  below  the  horizon. 

Numerous  experiments  were  undertaken  to  ascertain  the  loss  of  intensity 
of  light  due  to  absorption  and  reflection  at  the  various  screens  and  lenses 
employed,  with  a view  to  ascertaining  the  exact  photo-chemical  effect  of  the 
standard  lamp  employed. 

Coal  gas  was  used  as  the  source  of  standard  light.  It  was  at  first  burnt 
in  a Scott’s  zinc  burner,  but  afterwards  a platinum  burner  p (Fig.  98)  in  the 
top  of  a small-pressure  box  r was  used.  Gas  was  taken  to  this  box  through 
the  tube  S,  wdiich  had  a metre  scale  upon  it.  A platinum  wore  was  arranged 
to  project  from  the  holder  on  a graduated  rod  t,  to 
measure  the  height  of  the  flame,  and  a small  water 
manometer  was  attached  to  the  box  r,  a pressure  of 
but  1 mm.  of  ffas  beingf  maintained  in  that  box.  The 
lamp  was  enclosed  in  a larger  box  u,  which  was 
fitted  with  a cover  that  could  be  adjusted  so  as  to 
leave  an  opening  above  the  flame,  whatever  the 
position  of  the  burner.  Air  was  admitted  through 
the  bottom  of  the  box.  The  box  was  blackened 
inside,  and  at  one  end  was  a water  cylinder,  the  ends  of  which  were  closed 
by  parallel  plates  of  glass.  The  flame  was  thus  somewhat  like  that  of  the 
well-known  Bunsen  burner  when  deprived  of  air ; indeed,  the  Bunsen 
burner  was  designed  during  the  progress  of  these  experiments,  and  was  used 
to  heat  small  carbon  cylinders  which  had  been  immersed  in  solutions  of 
various  salts,  so  that  the  effect  of  various  coloured  flames  might  be  ascer- 
tained. It  may  here  be  mentioned  that  the  red,  violet,  yellow,  and  green 
flames  produced  by  the  chlorides  of  lithium,  strontium,  potassium,  sodium, 
and  barium  gave  no  more  photo-chemical  action  than  the  colourless  flame  of 
the  Bunsen  burner ; whereas  the  green  flanie  of  chloride  of  co})per  and  the 
])ale  flame  of  chloride  of  antimony  gave  considerably  more  effect  than  the 
standard  luminous  coal  gas  flame— -in  some  cases  nearly  double  as  much — 
the  dames  of  course  being  the  same  size. 

With  respect  to  the  ed’ects  of  variations  in  the  composition  of  the  coal 
gas,  it  was  found  that  experiments  made  at  intervals  of  three  or  four  months 
with  the  standard  lain]),  varied  but  slightly  more  than  one  per  cent. 

The  bulb  i was  carefully  ])rotected  by  screens,  and  enclosed  in  a small 
cylindrical  box  attached  to  one  of  the  screens,  having  at  one  end,  glass 
through  which  the  light  rays  entered,  while  the  cover  had  but  a very  small 
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hole,  to  enable  the  operator  to  see  the  flame  through  the  bulb  i,  so  as  to 
note  any  variations  in  its  height.  Hence  when  an  air  thermometer  with  a 
bulb  of  the  same  substance  and  capacity  as  i was  put  in  its  ])lace,  no  expan- 
sion was  noted  when  light  was  suffered  to  fall  upon  its  bulb  ; and  it  was 
ascertained  that  variations  of  temperature  in  the  dark  room  from  64°  to  80° 
Fahr.  made  no  sensible  difference  in  the  readings  of  the  apparatus,  neither 
were  they  affected  by  variations  of  upwards  of  half  an  inch  in  the  baro- 
meter. 

M.  Eden  has  recently  published  in  the  ‘‘Comptes  Rendus”  of  the  Aca- 
demy of  Sciences  of  Vienna,  a photometric  process  for  measuring  the  intensity 
of  the  ultra  violet  rays  of  sunlight.  It  consists  in  exposing  to  light  a liquid 
composed  of  40  grammes  of  oxalate  of  ammonia  dissolved  in  1 litre  of  water, 
and  50  grammes  of  corrosive  sublimate  dissolved  in  the  same  quantity  of 
water.  Two  volumes  of  the  former  are  mixed  with  one  volume  of  the  latter, 
and  under  the  action  of  light,  a black  precipitate  is  obtained,  the  weight  of 
which  depends  on  the  intensity  of  the  light. 

Selenium  Photometers. — The  curious  property  of  selenium,  by  which  its 
electrical  resistance  changes  under  the  action  of  light,  has  led  to  a new 
method  of  photometric  measurement.  As  it  is  independent  of  the  eye,  it  is 
free  from  the  “ personal  error”  of  the  experimenter. 

It  was  on  February  12,  1873,  that  Mr.  Willoughby  Smith  announced, 
at  a meeting  of  the  Society  of  Telegraph  Engineei*s,  the  observation  made 
by  Mr.  May,  a telegraph  clerk  at  Valentia,  that  exposure  to  light  diminishes 
the  resistance  of  a plate  of  selenium.  This  observation  was  corroborated  by 
the  Earl  of  Rosse  and  others.  Professor  W.  G.  Adams  made  an  exhaustive 
investigation  of  the  electrical  pro[)erties  of  selenium,  and  embodied  his 
remarks  in  a paper  communicated  to  the  Royal  Society  in  1877.  He  then 
showed  that  the  most  effective  rays  are  the  greenish  yellow,  and  also  that 
the  change  of  resistance  is  proportional  to  the  square  root  of  the  illumination. 

Mr.  Shellford  Bidwell  discussed  before  the  Physical  Society,  in  Novem- 
ber, 1882,  a series  of  experiments  made  by  him  to  ascertain  whether  the 
phenomenon  was  due  to  the  heat  rays  or  the  light  rays,  or  to  both.  His 
experiments  have  Anally  disposed  of  the  theory  held  by  some  that  the  fall  of 
resistance  in  a selenium  cell  is  due  to  a microphonic  action  at  the  junctions 
between  the  selenium  and  the  metals  forming  the  electrodes.  According  to 
this  theory  the  heat  rays  increase  the  volume  of  the  substance,  thus  causing 
it  to  make  better  contact  and  at  the  same  time  diminishing  proportionally 
the  resistance  of  the  circuit.  Mr.  Shellford  Bidwell  has  shown  that  the  heat 
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rays  actually  increase,  while  the  light  rays  decrease,  the  resistance.  Hence, 
when  a ray  of  white  light  falls  upon  a selenium  cell,  the  change  observed  is 
the  resultant  of  the  luminous  and  thermal  effects. 

This  curious  substance,  selenium,  was  discovered  by  Berzelius  in  1817 
as  a by-product  in  the  distillation  of  iron  pyrites.  It  is  fusible  and  com- 
bustible ; it  belongs  to  the  sulphur  group,  enjoying  properties  similar  to 
those  of  sulphur,  phosphorus,  and  tellurium.  When  melted  and  rapidly 
cooled,  it  becomes  an  amorphous  mass  with  conchoidal  fracture,  and  is  prac- 
tically a non-conductor  of  electricity.  If,  however,  it  is  heated  to  100°  Cent, 
(it  melts  at  217°  Cent.),  and  is  kept  at  that  temperature  for  a certain  time  it 
becomes  crystalline,  and  in  that  condition  it  slightly  conducts  electricity,  its 
conductivity  increasing,  as  Professor  Adams  has  shown,  with  the  battery 
power. 

It  is  in  this  crystalline  condition  that  selenium  is  sensitive  to  light. 

In  February,  1876,  a series  of  interesting  experiments  was  made  in 
the  late  Sir  William  Siemens’s  laboratory  at  Woolwich  by  Dr.  Obach  with 
the  following  results  : 


Selenium  in 

Relative  Conductivities. 

Resistance  in 
Ohms. 

Deflections. 

Ratio. 

1 . Dark 

32 

1 

10,070,000 

2.  Diffused  davlight  . 

110 

3.4 

2,930,000 

3.  Lamplight 

180 

.5.0 

1,790,000 

4.  Sunlight  .... 

470 

14.7 

080,000 

In  testing  the  selenium  plate  in  diflerent  parts  of  the  spectrum,  it  was 
shown  that  the  actinic  rays  exercised  no  aj)preciable  effect,  and  that  the 
effect  gradually  increased  towards  the  red,  or  least  I’efrangible  rays. 

It  should  be  here  remarked  that  the  resistance  of  a bar  of  selenium  is 
not  constcint,  but  varies  by  the  action  of  the  currents  sent  through  it,  and 
also  with  the  structural  changes  brought  about  by  time.  Thus  a plate  of 
selenium  whose  resistance  was  one  day  613,000  ohms  was  670,000  the  next 
day.  The  resistance  of  a cei'tain  s})ecimen  was  14,900  ohms  one  year  and 
19,000  the  next,  whilst  that  of  another  specimen  fell  from  7,600,000  to 
74.5  in  the  same  ])eriod  of  time. 

Sir  William  Siemens  exhibited  the  ])hoto-electrical  ])ro])oi'ties  of  selenium 
in  a lecture  given  at  the  Royal  Institution  in  March,  187(),  by  means  of  an 
artificial  “eye.”  This  interestiug  apparatus  (Fig.  99)  consists  of  a hollow  ball 
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with  two  circular  apertures  opposite  each  other,  the  one  being  furnished 
with  a lens  and  the  other  with  an  adjustable  stopper  carrying  the  sensitive 
plate  which  is  connected  in  circuit  with  a Daniell’s  cell  and  galvanometer. 
Tlie  lens  is  covered  by  two  slides,  representing  the  eyelids,  the  ball  itself 
being  the  body  of  the  eye,  and  the  sensitive  plate  corresponding  to  the  retina. 
Having  placed  a white  illuminated  screen  in  front  of 
the  “ eye,”  a strong  deflection  was  observed  as  soon 
as  the  eyelid  was  opened.  A black  screen  gave  an 
exceedingly  small  deflection,  a blue  screen  a greater, 
and  a red  a still  greater  one.  All  of  these,  how- 

ever,  fell  short  of  that  produced  by  the  reflected  light  of  the  illuminated 
sereen. 

Dr.  Werner  Siemens,  of  Berlin,  has  successfully  applied  the  properties 
of  selenium  to  photometry. 

His  photometer  is  formed  of  a copper  tube  A B (Fig.  100)  3 centi- 
metres in  diameter  and  15  long,  the  inner  surface  of  which  is  blackened. 

One  of  the  ends  is  furnished  with  a diaphragm,  the  other  carries  a plate 
of  selenium  which  may  be  exposed  to,  or  withdrawn  from  the  action  of  light 
by  means  of  a screen,  movable  from  outside.  This  tube,  fixed  on  a vertical 
spindle,  is  attached  to  a circular  support  hy  three  locking  points,  one  of 
which  is  furnished  with  a screw,  by  which  it  can  be  shifted  at  will.  To 
this  support  is  connected  a graduated  scale  L M,  on  which  can  be  moved  a 
shifting  candle-holder  N carrying  the  standard  light,  the  flame  of  which 
ought  to  be  in  the  axis  of  tube  A B.  The  selenium  plate  is  connected  to  two 
terminals  H,  insulated  from  the  tube, 
to  which  are  connected  the  conduct- 
ing wires  G,  which  are  coupled  by 
means  of  the  ebonite  plate  F and  a 
movable  piece  situated  in  the  axis 
to  the  terminals  D E,  which  are  in 
the  circuit  of  the  battery  and  of  the 
galvanometer.  This  arraiigement, 
which  the  sketch  Fig.  100  explains, 
insures  contact  whatever  may  be  the 
position  of  the  tube  A B.  The  galvanometer  employed  is  a Thomson  re- 
flecting instrument  mounted  on  a small  wooden  stand,  which  also  carries  a 
little  petroleum  lamp  enclosed  in  a lantern.  This  lantern  contains  a lens, 
which  concentrates  the  luminous  rays,  and  directs  them  on  a totally  reflect- 
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ing  prism  carried  by  the  galvanometer.  Tliis  prism  can  be  moved  in  such 
a way  as  to  cause  t]ie  mirror  to  reflect  the  spot  of  light  on  a graduated 
scale. 

The  manipulation  of  the  selenium  photometer  just  described,  involves 
two  operations.  First,  the  installation  of  the  reflecting  galvanometer. 
For  this,  the  scale  should  be  placed  away  from  the  influence  of  the  light,  and 
in  such  a position  as  to  be  at  least  half  its  length  from  the  centre,  and  per- 
pendicular to  the  axis  of  the  galvanometer,  the  centre  of  the  scale,  which  is 
the  zero  point,  being  on  the  prolongation  of  the  axis.  The  copper  tube  con- 
taininof  the  mirror  is  introduced  within  the  coil  of  the  galvanometer  in  such 
away  that  the  small  wires  fixed  to  the  mirror  and  serving  as  an  axis  of  rota- 
tion, may  be  almost  vertical.  The  plane  of  the  flame  of  the  petroleum 
lamp  is  placed  in  a line  joining  the  wire  to  the  centre  of  the  lens.  To  obtain 
this  result  the  prism  fixed  to  the  galvanometer  coil  is  raised  in  such  a way 
that  the  light  falls  on  a piece  of  white  paper  placed  at  a distance  of  from  1 
to  2 metres ; by  shifting  the  lens  an  image  can  be  obtained  of  the  wire  on 
the  paper.  The  lamp  is  then  moved  until  the  image  of  the  wire  is  clearly 
defined  and  without  coloured  fringes.  The  prism  is  then  put  back  in  its 
place,  and  is  turned  until  the  I'eflected  ray  falls  on  the  mirror ; this  can 
be  adjusted  by  looking  into  the  mirror 
directly  opposite  it.  The  direction  of  the 
ray  reflected  by  the  mirror  is  then  fol- 
lowed by  means  of  a slip  of  paper,  on 
which  the  ray  is  allowed  to  fall,  and  the 
prism  is  fixed  in  such  a way  that  the  light 
reflected  by  it  falls  on  the  centre  of  the 
mirror,  and  that  reflected  by  the  mirror 

returns  directly  above  the  ])rism  (sec  Fig.  loi. 

Fig.  101).  By  turning  the  screw  fixed  to  the  scale,  the  ray  is  bronght  to  the 
height  of  the  scale,  and  by  turning  the  directing  magnet  above  the  galva- 
nometer, it  is  brought  to  the  division  of  the  scale  exactly  desired.  Finally, 
the  lens  is  moved  until  the  image  of  the  wire  reflected  on  the  scale  is  shai'ply 
defined,  and  the  cop|)er  tube  containing  the  mag- 
netic mirror  is  turned  until  tlic  image  moves 
horizontally  along  the  scale.  By  raising  or 
lowering  the  directing  magnet,  the  sensitiveness 
of  the  galvanometer  is  increased  or  diminished.  Fig-  102. 

This  latter  can  be  placed  in  any  convenient  ])lanc.  In  place  of  the  stretched 
wire  in  the  lantern,  a diaphragm  in  which  a slit  is  formed  can  be  ein})loyed. 
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Sometimes  the  lantern  is  })laced  behind  the  scale,  the  image  of  the  wire 
being  directly  projected  upon  the  mirror  without  the  intervention  of  the 
reflecting  prism,  the  centre  of  the  lamp  being  slightly  below  the  horizontal 
plane  of  the  centre  of  the  galvanometer  mirror, 
and  the  scale  being  slightly  above  it.  By  this 
means,  if  the  mirror  be  vertical,  the  angles  of 
incidence  and  reflection  and  a being  equal, 
the  image  of  the  wire  is  reflected  upon  the 
scale  (see  Fig.  103)- 

The  second  operation  is  the  use  of  the  instrument.  The  selenium 
photometer  is  disposed  in  such  a manner  that  the  movable  tube  when  it  is 
perpendicular  to  the  scale  L M,  Fig.  100,  may  be  directed  towards  the 
luminous  source,  the  intensity  of  which  is  to  be  measured.  To  do  this 
accurately,  the  horn  obturator,  which  contains  the  slip  of  selenium,  is  re- 
moved and  replaced  by  a covei'  having  a cross  marked  on  a transparent 
ground.  The  front  face  is  furnished  with  a cover  which  contains  an  appro- 
priate opening.  The  photometer  is  then  turned  until  the  image  of  this 
opening  is  projected  on  the  middle  of  the  cross.  Then  the  two  covers  are 
removed,  and  the  rear  one  is  replaced  by  the  selenium.  A battery  of  from 
12  to  24  cells  filled  with  acidulated  water  is  included  in  the  circuit  with  the 
selenium  and  galvanometer,  but  the  circuit  is  not  closed  until  the  observation 
is  made.  As  soon  as  the  circuit  is  closed,  a deviation  of  the  galvanometer 
is  produced,  and  the  image  is  often  thrown  off  the  scale,  but  by  adjusting 
the  height  of  the  directing  magnet,  or  by  a shunt  or  a resistance  box 
included  in  the  battery  circuit,  it  is  brought  within  convenient  limits. 
Under  the  influence  of  the  light  the  resistance  of  the  selenium  diminishes, 
and  the  deviation  produced  by  the  current  on  the  galvanometer  increases. 
The  plate  of  selenium  is  exposed  to  the  light  by  opening  the  shutter  in  the 
selenium  box,  when  the  tube  is  turned  towards  the  luminous  source  to  be 
measured.  Note  is  taken  of  the  corresponding  deviation  of  the  magnetic 
mirror,  and  the  selenium  is  directed  towards  the  candle,  which  is  then 
moved  along  the  scale,  until  the  same  deviation  is  obtained.  The  luminous 
intensities  are  in  the  inverse  proportions  of  the  squares  of  the  distances. 
The  selenium  photometer  is  not  absolutely  correct,  and  it  only  gives  results 
comparable  for  lights  of  the  same  colour. 

Dr.  T.  Nacks  has  somewhat  improved  this  method  in  the  following 
manner.  He  placed  in  the  circuit  of  a battery  a galvanometer,  a selenium 
cell,  and  a variable  resistance  (see  Fig.  104).  The  whole  system  being  in  the 
dark,  he  regulated  the  resistance  in  such  a way  as  to  obtain  a very  slight 
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deviation  of  the  needle  of  the  galvanometer.  Then  the  selenium  being  illumi- 
nated by  rays  from  the  luminous  body  placed  at  unit  distance,  he  noted  the 
corresponding  deviation  (p.  He  then  noted  the  deviations  a^,  «3,  «4,  corre- 
sponding to  distances  2,  3,  and  4,  and  consequently  to  the  intensities  and 
From  these  data  he  deduced  a regular  graduation.  The  luminous 
unit  proposed  by  Dr.  Nacks  was  thus  defined.  It  is 
that  which  increases  by  one  electro-magnetic  unit,  the 
strenofth  of  a current  of  which  the  electromotive  force  is 

o 

equal  to  10,  and  the  resistance  of  which  is  equal  to  a 
Siemens’s  unit.  Let  I equal  this  quantity,  I the  strength 

of  the  current  when  the  a])paratus  is  in  darkness,  and 

j Fig.  104. 

when  it  is  lighted.  Then  will  be  the  luminous  intensity  of  the  source. 

If  E be  the  electromotive  force  of  the  battery,  and  R the  total  resistance, 
E 

we  shall  have  I = ^.  When  the  apparatus  has  been  exposed  to  the  light, 

the  resistance  of  the  sensitive  surface,  nssumed  to  be  equal  to  unity,  will 

E , I'-I 

give  r,  and  we  shall  have  I‘=K-  Hence  the  value  of  ~ may  be 

obtained  by  substituting  the  above  value  of  I^  and  I for  I^  — I 
E E E r I^  — I E r 

R^r  “ R " R (R-7-)  ’ / R (R-r)‘ 

The  values  E and  R are  known,  r is  determined  by  means  of  the 
resistance.  The  latter  is  used  to  bring  the  total  resistance  back  to  that 
of  the  apparatus  in  the  dark.  This  resistance  introduced,  converted  into 
Siemens’s  units,  gives  the  value  of  r. 

Photometer  of  Raimond  Coulon. — The  methods  just  described  are  of 
high  interest,  but  they  lack  as  yet  the  test  of  }>ractice  ; and  the  same  remark 
applies  to  the  photometer  of  M.  Raimond  Coulon,  which  was  described  by 
him  in  “La  LuniiHe  Electrique.”* 

This  photometer  is  based  on  the  use  of  Crookes’s  radiometer.  As  is 
well  known,  the  radiometer  starts  into  motion  as  soon  as  rays  of  light  are 
allowed  to  inq)inge  upon  its  vanes.  If  then  the  two  opposite  faces  of  a 
radiometer  are  lighted  by  two  sources  and  maintained  in  exactly  similar 
thermal  conditions,  the  apparatus  will  revolve  in  virtue  of  the  difierence  of 
the  illumination  on  its  two  faces.  If  it  remain  motionless,  it  may  be  con- 
cluded that  the  two  faces  receive  ecpial  (piantities  of  light,  and  the  law  of 
the  s(piares  of  distances  will  then  give  the  ratio  of  the  intensities.  The 
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apparatus  devised  by  M.  Coulon  consists  of  a glass  globe,  carefully  exhausted, 
mounted  on  a stand  and  containing  a disc  free  to  revolve  about  a vertical 
axis.  One  half  of  this  disc  is  }>ainted  white,  and  the  other  half  is  lamp- 
blacked.  This  radiometer  is  })laced  in  a cubical  metallic  chamber  filled  with 
water,  which  is  kept  at  a uniform  temperature  by  four  small  lamps  placed  at 
the  corners  of  the  chaml)er.  Small  screens  placed  between  the  lamps  and 
the  radiometer  protect  the  latter  from  extraneous  radiation,  and  serve  to 
equalise  the  temperature  of  the  water.  In  the  middle  of  each  face  of  the 
chaml)er,  is  an  opening  fitted  with  glasses,  two  of  which,  opposite  each  other, 
allow  the  radiometer  to  be  examined,  while  the  two  opposite  ones  permit 
the  rays  to  enter  and  fall  on  the  vane.  Under  the  difierential  action  of  the 
latter,  the  radiometer  will  revolve.  The  motion  is  gradually  stopped  by 
removing  the  stronger  light  to  a greater  distance.  When  this  is  done, 
the  radiometer  will  be  at  rest,  and  the  disc  will  be  seen  edgeways  by  the 
observer.  After  a first  experiment  it  is  advisable  to  change  the  relative 


Fig.  105.  Fig.  106. 

positions  of  the  two  sources,  to  correct  the  error  that  may  be  set  up  by  any 
inequality  in  the  two  faces  of  the  radiometer.  A mean  of  the  two  results 
may  then  be  taken  as  the  true  one.  Figs.  105  and  106  show  the  construction 
of  this  photometer  very  clearly.  M.  Coulon  does  not,  however,  confine  him- 
self to  this  particular  form  ; he  has  constructed  a second  instrument,  to 
avoid  the  difficulties  resulting  from  the  displacement  of  the  standard  lamp, 
and  the  source  to  be  measured.  He  divides  the  photometric  measurements 
into  two  series ; the  first  consisting  of  those  made,  once  for  all,  in  the 
laboratory,  whilst  the  others,  conducted  in  the  photometer  room,  have 
for  their  object  to  vary  the  action  of  the  luminous  source  of  unknown 
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intensity  until  the  results  obtained  are  equal  to  those  obtained  with  the 
standard  lain}). 

The  a}i|)aratus  consists  of  a very  light  ahnninium  needle,  carrying  at 
each  end  two  small  })lates  of  soft  iron  weighing  3 decigrammes.  This  needle 
is  su}5}3lied  with  two  disc  of  mica,  the  faces  of  which  are  }oainted  black  and 
white  alternately.  This  system  is  delicately  sus}iended  in  the  centre  of 
an  exhausted  glolie,  }ilaced,  as  in  the  former  case,  in  an  enclosure  of  con- 
stant tem}ierature ; this  globe  is  terminated  above  and  below  by  two 
tubes.  In  the  U}3per  one  is  }ilaced,  so  that  it  can  be  moved  from  the  out- 
side by  a magnet,  a small  soft  iron  ring  acting  as  a carrier ; within  this  ring 
there  is  a cork,  through  which  }msses  a glass  rod,  carrying  the  silk  fibre  from 
which  the  needle  is  sus})ended.  This  ring  is  held  by  four  light  springs.  By 
means  of  the  magnet,  the  ring  can  be  lowered  until  the  needle  reaches  a rest 
fitted  in  the  lower  tube,  which  thus  relieves  the  thread  from  the  weight  of 
the  needle.  Finally,  a magnetised  bar,  mounted  on  a cork-lined  ring,  and 
placed  within  the  u})})er  tube  near  the  to}i,  determines  the  normal  direction 
of  the  needle.  This  latter  becomes  dis}ilaced  under  the  action  of  the  light, 
and  will  assume  an  intermediate  })osition  de})ending  on  the  two  o}iposing 
forces.  Besides  being  used  as  a photometer,  this  a}q)aratus  can  be  enqdoyed 
both  as  a thermometer  and  an  electrometer.  The  arrangement  is  certainly 
original,  but  it  ajqiears  to  be  too  delicate  to  be  ca])able  of  giving  }iractical 
results,  and  it  would  seem  more  difficult  of  a})}ilication  than  the  form 
}:)reviously  described.  At  }>resent  it  must  be  considered  as  a })urely 
exjieriniental  a})}iaratus. 

In  concluding  his  descriiition,"^  M.  Coulon  intimates  that  the  system 
can  be  used  to  measure  not  merely  the  intensity  of  a light,  but  also  the 
general  lighting  of  an  apartment  illuminated  by  many  lani})s.  It  should  be 
observed  that  this  general  }iroblem  involves  the  use  of  a s})ecial  unit,  because 
it  is  ini})0ssil)le  to  com})are  a body  receiving  the  light  on  all  sides  with  one 
receiving  it  on  one  surface  only.  M.  Coulon  })ro}ioses  the  following  theore- 
tical unit : Every  })oint  in  space  receiving  the  light  [)roduced  from  four 
standards,  s}iaced  one  metre  a]>art,  and  }ilaced  at  the  extremities  of  two 
rectangular  axes,  will  be  considered  as  receiving  a unit  of  diffiised  light.  In 
this  case  the  })hotometer  contains  two  crossed  needles.  Such  a method  of 
coni})arative  measurement  is  certainly  ingenious,  and  deserves  to  be  })laced 
on  record. 

Stevenson,’ s Photometers. — The  action  of  the  }»hotonieters  devised  by 
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Fig.  108. 


Mr.  Thomas  Stevenson,  F.R.S.E.,  are  of  the  latter  kind,  and  depend  on  the 
interposition  between  the  light  and  the  eye  of  a liquid  absorbing  medium, 
the  thickness  of  which  can  be  increased  or  diminished.  The  simplest 
form  of  this  instrument  is  shown  by  Figs.  107  and  108  in  section  and  end 
elevation,  and  consists  of  one  tube 
sliding  telescopically  within  a second. 

The  inner  tube  is  closed  with  a disc 
of  plain  glass  at  the  further  end  G, 
and  carries  a screen  or  guard  for  the 
eye  at  the  end  H.  The  outer  tube  is  also  closed  with  glass  at  its  extremity 
A,  and  at  the  other  end  is  provided  with  a stuffing-box  E packed  with 
sponge,  through  which  the  smaller  tube  moves  water-tight.  The  liquid 
absorbing  medium  between  the  two  tubes,  is  a mixture  of  writing  ink  and 
water ; it  rises  and  falls  in  the  vacant  space  J as  the  inner  tube  is  pushed  in 
or  out.  To  use  the  instrument  it  is  turned  towards  the  source  of  light,  and 
the  inner  tube  is  drawn  backwards  until  the  la}^!’  of  interposing  fluid  is  so 
thick  that  the  image  just  fades  away.  The  distance  between  the  two  plain 
glasses  is  then  a measure  of  the  intensity  of  the  light  falling  upon  the 
outer  one. 

Mr.  Stevenson  has  worked  out  the  same  idea  in  another  way,  by  fitting 
the  two  plain  glasses  in  the  opposite  sides  of  a collapsible  india-rubber  bag. 
One  glass  is  secured  to  the  framework  of  the  instrument,  and  the  other  to 
a sliding  tube,  so  that  the  two  are  maintained  in  parallel  planes  and  are 
capable  of  being  made  to  approach  towards  or  recede  from  each  other.  The 
upper  part  of  the  bag  communicates  with  a reservoir  into  which  the  excess 
of  liquid  is  delivered  as  the  volume  of  the  bag  is  reduced  by  the  motion  of 
the  eye  tube. 

In  another  arrangement  one  of  the  plain  glasses,  the  object-glass,  is 
replaced  by  a non-transparent  cover,  and  the  light  is  admitted  to  the  tube 
through  two  prisms  by  which  it  is  twice  totally  reflected.  These  prisms 
are  mounted  in  a sliding  frame  which  travels  along  a slot  in  the  upper 
surface  of  a rectangular  tube.  The  prism  which  first  receives  the  light 
is  in  the  air  above  the  surface  of  the  tube,  and  the  other  is  plunged  in  the 
liquid.  The  adjustment  is  effected  by  sliding  the  prism  frame  along  its 
slot  until  the  image  on  the  eye-glass  fades  away.  By  a modification,  this 
instrument  may  be  made  to  indicate  by  means  of  simultaneous  comparison. 
Two  slots  are  made  in  the  upper  surface  of  the  tube,  both  converging  upon 
the  eye-piece.  A prism  frame  is  mounted  upon  each,  and  the  images  of  the 
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two  sources  of  light  arc  projected  side  by  side  upon  the  eye-glass.  By  moving 
the  prisms  along  the  grooves,  the  lengths  of  fluid  through  which  the  rays 
proceeding  from  the  two  objects  will  pass,  will  be  varied,  either  until  there 
is  an  equalisation  in  the  intensity  of  the  images,  or  until  extinction  has 
been  effected,  when  the  relative  lengths  of  fluid  are  noted.  In  order  to  adapt 
the  instrument  for  measuring  lights  in  different  azimuths  from  the  observer, 
and  at  different  elevations  from  each  other,  the  upper  prisms  are  made 
capable  of  rotation  round  their  vertical  and  horizontal  axes,  so  as  to  present 
their  first  refracting  surfaces  in  any  required  direction. 

Another  modification,  approaching  still  more  closely  to  the  usual 
methods  of  comparison,  comprises  two  independent  tubes,  each  throwing 
an  image  on  to  a screen.  These  screens  are  placed  at  an  angle  of  45°  to 
each  other,  and  the  prism  frames  are  moved  backwards  and  forwards  until 
they  are  equally  illuminated. 

Mr.  Stevenson  has  successfully  used  several  of  these  forms  of  instru- 
ment when  experimenting  on  the  powers  of  different  lighthouses,  but  he  has 
found  that,  like  other  instruments  of  the  same  kind,  a good  deal  of  practice 
is  necessary  before  the  eye  becomes  capable  of  estimating  correctly  the 
equality  of  any  two  lights.  He  has  also  devised  a photometer  entirely 
different  from  the  above,  and  designed  to  supply  a meteorological  rather 
than  an  optical  want,  though  it  also  admits  of  adaptation  to  other  photo- 
metric purposes.  It  was  made  for  the  purpose  of  measuring  varying 
amounts  of  da}dight,  with  a view  of  determining  whether  there  is  any 
connection  between  dark  gloomy  weather  and  heavy  gales. 

In  this  photometer  a minute  portion  of  daylight  is  allowed  to  pass 
through  a small  hole  pierced  in  a diai)]iragm,  behind  which  the  light, 
spreading  into  the  dark  chamber  in  concentric  spherical  shells,  diverges  over 
nearly  180°.  The  intensity  of  this  diverging  light  is  ascertained  by  moving 
a transparent  diaphragm  near  enough  the  aperture  to  allow  the  eye  to 
decipher  any  characters  that  may  be  inscribed  on  it ; the  distances  of  the 
diaphragm  from  the  aperture  necessary  for  producing  distinct  vision  repre- 
sent, in  the  inverse  duplicate  ratio,  the  intensties  of  the  rays.  By  arranging 
numbers  in  any  order,  unknown  to  the  observer,  the  possibility  of  mistake, 
arising  from  his  fancying  tliat  he  has  distinct  vision  wlien  he  has  not,  may 
be  prevented.  In  order  to  adapt  this  very  sinq)le  instrument  to  the 
moasuroment  of  artificial  liglit,  or  of  direct  suuliglit,  a small  piece  of  tube, 
having  a lens  of  short  focal  length  fixed  in  it,  is  })laced  before  the  fine 
orifice.  Kays  incident  upon  tlie  lens  will  convey  a focus  in  the  minute 
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orifice,  after  wliich  they  will  pass  in  a diverging  cone,  and  thus  be  made 
susceptible  of  having  their  intensities  measured. 

Spectro-Fhotometers. — An  examination  of  the  various  photometric  pro- 
cesses, shows  that  a most  important  element  in  the  problem,  and  one  that 
cannot  be  efficiently  dealt  with,  is  the  difference  of  colours  in  the  lights 
which  are  being  comjiared.  No  solution  of  this  difficulty  has  yet  been  found, 
and  the  best  that  has  been  done  is  to  diminish  the  difficulties,  as  far  as 
possible,  with  more  or  less  success  in  the  results  obtained.  Many  efforts 
have  been  made  to  replace  the  direct  measurement  of  the  ratio  of  two  lights 
of  different  tints,  by  that  of  the  ratio  of  two  simple  wave-lengths  : this 
method  is  known  by  the  name  of  spectro-photometry.  It  has  been  parti- 
cularly studied  and  advocated  by  the  French  physicist,  M.  Crova,  professor 
of  physics  at  Montpellier,  and  set  forth  by  him  in  several  papers,  especially 
those  communicated  to  the  Academy  of  Sciences  on  the  26th  of  September 
and  5th  of  December,  1881,  in  his  memoir  published  in  the  “Annales  de 
Chimie  et  de  Physique,”  Fifth  Series,  Vol.  XIX.,  1880,  and  in  various 
articles  in  the  “ Revue  Scientifique.” 

The  errors  to  which  the  experimenter  is  liable  when  endeavouring  to 
compare  two  lights  of  different  colours,  are  illustrated  by  the  following 
experiment.  If  we  illuminate  a Foucault  photometer  by  two  sources,  one 
of  which  gives  yellow  and  the  other  a blue  light,  and  as  a preliminary  trial 
adjust  the  two  to  approximate  equality,  then  moving  forward  each  light  to 
half  its  original  distance,  the  equality  ought  not  to  be  changed ; it  will, 
however,  be  seen  that  the  yellow  side  is  more  strongly  lighted  than  the  blue. 
This  shows  that  the  impression  on  the  retina  is  a function  of  the  luminous 
intensity,  which  varies  with  the  quality  of  the  light.  This  observation  is  due 
to  Purkinje.  In  completing  the  experiment  it  will  be  seen  that  the  further 
the  sources  are  removed  from  the  screen,  the  more  the  physiological  effects 
tend  to  be  proportional  to  the  luminous  intensities.  From  this  it  follows 
that  in  measuring  intensities  of  different  colours,  it  is  necessary  to  work 
under  conditions  of  low  illumination,  that  is  to  say,  with  the  two  sources 
placed  as  far  as  possible  from  the  screen.  Let  us  suppose  now  that  we  have 
to  compare  a white  light  with  a yellow  one,  for  instance,  that  of  an  electric 
arc  with  a Carcel  lamp.  We  decompose  the  two  lights  into  their  simple 
elements,  so  as  to  produce  two  contiguous  spectra,  and  regulate  the  distances 
of  the  two  lamps  so  that  the  lights  on  the  screen  may  be  of  equal  intensity. 
The  spectrum  of  the  electric  beam  will  be  very  intense  towards  the  violet, 
but  less  intense  towards  the  red  end,  while  the  reverse  effect  will  take 
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place  in  the  spectrum  of  the  Carcel  lamp.  If,  then,  we  lay  down  the 
total  intensity  of  each  of  the  lights  by  a curve,  the  abscissa3  represent- 
ing the  wave  lengths,  and  the  ordinates,  the  corres])onding  luminous 
intensities,  these  curves  ought  to  have  equal  areas,  since  the  total  lighting 
is  the  same.  The  known  ordinate  corresponds  to  a wave  length,  similar  in 
both  spectra,  and  the  ratio  of  intensities  of  these  rays  of  equal  wave  length 
in  the  two  spectra  gives  the  ratio  of  total  intensities.  In  practice,  it  is 
necessary  to  ascertain  first  the  simple  ratio  that  represents  proportionally 
the  intensity  of  the  source.  To  find  this,  M.  Crova  recommends  taking  as 
an  index  of  the  illuminating  power,  the  greater  or  less  distinctness  with 
which  fine  lines  drawn  on  a white  surface  can  be  distinguished,  reducing  the 
light  gradually  until  the  eye,  placed  at  a constant  distance,  fails  to  distin- 
guish them.  The  slit  of  a spectroscope  is  covered  with  a series  of  very  fine 
parallel  lines  that  cease  to  be  visible  when  the  light  is  reduced  by  varying 
the  angles  of  the  principal  planes  of  the  two  Nicol  prisms  placed  in  the 
spectroscope.  The  curve  of  elementary  intensities  for  each  of  the  lights  to 
be  compared,  may  then  be  constructed,  and  the  ratio  of  ordinates  corre- 
sponding to  the  same  abscissce,  which  is  equal  to  the  ratio  of  the  areas,  may 
be  found.  This  having  been  done,  the  simple  ratio  for  each  of  the  spectra 
must  be  deduced.  M.  Crova  proposes  two  methods  : “ It  is  possible,”  he 
says,  “ to  produce  by  means  of  a spectro-photometer  the  contiguous  spectra 
of  two  sources  to  be  compared,  their  rays  being  projected  on  the  halves  of 
the  opening,  by  two  reflecting  prisms,  and  separated  afterwards  by  means 
of  a slit  placed  before  the  eye-piece  of  the  spectroscope ; by  means  of  two 
Nicol  prisms,  the  brighter  light  can  be  reduced  in  such  a way  as  to  render 
it  equal  to  the  feebler  one.  This  method  is  very  exact,  but  rather  delicate 
in  application  ; and  a simpler  one  is  desirable  for  genei’al  use.  The  follow- 
ing is  a description  of  such  a method  : If  we  observe  a spectrum  projected 
on  a white  screen,  placing  before  the  eye  two  Nicol  prisms,  the  right 
sections  of  which  are  rectangular,  and  having  between  them  a plate  of 
quartz  9 millimetres  thick,  we  shall  see  two  wide  black  bands,  due  to  the 
crystalline  plate  darkening  the  extremities  of  the  spectrum  (the  red 
and  the  violet  being  extinguished) ; while  the  yellow,  orange,  and  blue 
are  very  considerably  weakened ; in  such  a way  that  there  remains  only 
a narrow  band,  in  which  the  green,  due  to  a certain  wave  length,  is 
}>reserved,  while  the  colours  situated  on  both  sides  are,  at  first  greatly 
reduced,  and  then  extinguished.  By  slightly  turning  one  of  the  pi'isms, 
these  bands  are  displaced  along  the  s])cctrum,  and  we  can  arrange  their 
position  in  such  a way  as  to  preserve  the  maximum  intensity  in  that 
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part  of  the  spectrum  where  the  ratio  of  intensities  is  equal  to  that  of 
the  lighting.  This  done,  we  observe  the  screen  of  the  Foucault  photometer, 
the  halves  of  which  are  illuminated  by  rays  of  very  different  tints,  and 
for  which  the  curve  referred  to  above  has  been  drawn  ; it  will  appear  to  us 
of  a greenish  tint,  identical  in  the  two  adjacent  fields,  if  the  two  Nicol 
prisms  have  been  arranged  as  we  have  just  described.  The  angle  varies 
with  the  nature  of  the  two  sources  of  light  to  be  compared,  but  if  one 
of  them  is  constant  (standard  Carcel),  it  will  be  sufficient  to  trace  on  the 
mounting  of  the  movable  prism,  a line  which  will  be  level  with  the  divi- 
sions on  the  fixed  tube,  and  each  of  which  corresponds  to  a light  of  a known 
character — the  sun,  different  electric  lamps,  &c.  Lastly,  if  the  two  lights 
are  of  the  same  tint,  their  spectral  composition  is  identical,  and  the  photo- 
metric composition  gives  the  same  results,  whatever  may  be  the  position  of 
the  Nicol  prism ; in  this  case  the  arrangement  is  still  useful,  because  it  will 
throw  on  the  photometric  screen,  the  colour  least  fatiguing  to  the  eye.  In 
the  apparatus  constructed  by  M,  Duboscq,  the  arrangement  of  prism,  and 
quartz  plate,  is  fixed  in  an  eye-piece  adjusted  to  the  end  of  the  conical  tube 
of  the  photometer,  and  through  which  the  operator  examines  the  screen.” 
It  will  be  seen  from  the  above  that  the  problem  of  photometry  can  be  solved 
even  in  the  most  general  cases,  in  which  comparisons  of  luminous  sources 
of  different  tints  have  to  be  made. 

Ayrton  and  Perry  s Photometer. — This  is  a dispersion  photometer,  in 
which  a concave  lens  (instead  of  increased  distance)  is  used  for  the  purpose 
of  weakening  the  light  from  an  electric  lamp,  and  thus  bringing  the  mea- 
surements within  suitable  distances.  A second  feature  of  the  instrument 
is  the  introduction  of  a plain  mirror  to  reflect  the  rays  of  the  electric  beam 
on  to  the  diverging  lens. 

The  instrument  is  shown  in  Figs.  109  and  110,  where  E is  a tripod  stand 
supporting  a small  table,  susceptible  of  exact  levelling.  F is  a pin,  directly 
under  the  centre  of  the  mirror  H,  around  which  the  photometer  may  be 
turned  without  altering  the  distance  between  the  mirror  and  the  electric 
lamp.  This  rotation  of  the  photometer  becomes  necessary  when  the  incli- 
nation of  the  incident  beam  is  changed,  a small  horizontal  displacement 
being  sufficient  for  this  adjustment. 

The  horizontal  axis  of  the  mirror  is  placed  at  45°  to  its  reflecting  sur- 
face, in  consequence  of  which  rays  coming  at  any  angle  from  the  lamp  can  be 
measured  without  introducing  errors  arising  from  var}dng  absorption  for 
different  angles  of  reflection.  The  mirror  carries  a pointer  which  indicates 
on  the  graduated  arc  G,  the  inclination  of  the  beam  to  the  horizontal. 
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A is  a black  rod,  which  is  used  as  in  early  photometers,  its  shadow 
being  received  on  a screen  of  blotting-paper  B. 

Lighting  the  standard  candle  in  Fig.  I09. 

the  holder  D,  two  shadows  of  the  rod 
will  be  cast  side  by  side  on  the  screen, 
one  by  the  candle  and  the  other  by 
the  electric  light.  The  latter  has  been 
reflected  from  the  mirror,  and  after- 
wards dispersed  by  the  lens  C.  The 
lens  is  then  displaced  until  the  shadows 
are  of  equal  intensity,  (l)  when  viewed 
through  a sheet  of  red  glass,  and,  (2) 
when  viewed  through  a sheet  of  green 
glass.  We  then  read  on  the  fixed 
graduated  scale,  the  distance  d of  the 
lens  from  the  screen,  and  also  the 
distance  c of  the  candle.  Then  let  f 
denote  the  focal  length  of  the  lens, 

D the  distance  of  the  electric  lamp 
from  the  screen,  i.e.,  the  distance  of 
the  lamp  from  the  mirror,  together 
with  the  distance  of  the  mirror  from 
the  screen,  and  let  L be  the  intensity  "O- 

of  the  light  in  standard  candles,  then 

Professors  Ayrton  and  Perry  state  that  from  30  to  40  per  cent,  of  the 
incident  light  at  45°  is  absorbed,  whether  the  light  is  of  ruby-red  or  signal- 
green  colour  and  practically  none  by  the  lens,  so  that  from  the  intensity 
found,  the  normal  intensity  may  be  readily  calculated. 

The  horizontal  beam  being  measured,  the  electric  lanq)  is  fixed  in  any 
new  position.  The  mirror  is  then  turned  until  its  centre  ray  passes  exactly 
through  the  centre  of  the  lens.  The  distance  a from  the  screen  to  the 
mirror  being  invariable,  then  if  A be  the  distance  from  the  centre  of  the 
mirror  to  the  vertical  from  the  lamp,  and  0 the  angle  of  elevation,  we  have 

D = rt  -t-  A s(!c  6. 

Putting  this  value  of  D in  the  above  formula  and  making  the  percentage 
correction  for  absorption,  the  true  intensity  of  the  light,  in  the  terms  of  the 
standard,  is  kmnvn. 
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We  shall  conclude  this  portion  of  our  subject  by  referring  to  the 
arrangement  adopted  by  the  committee  appointed  by  the  Franklin  Institttte 
(U.S.A.)  in  their  photometric  measurements  made  in  1 877-78.  To  make 
these  measurements  accui-ately,  it  was  found  necessary  to  cut  off  all  reflected 
or  diffused  light.  For  this  purpose  the  electric  lamp  was  enclosed  in  a box, 
open  at  the  back  for  convenience  of  access,  but  closed  with  an  opaque  screen 
during  experiments.  In  front  of  the  box  was  placed  a wooden  tube  with 
its  inner  surface  blackened  to  prevent  reflection  ; and  a similar  wooden  tube 
was  placed  at  a proper  distance  from  the  first  and  holding  in  its  further 
end  the  standard  candle.  This  last  tube  contained  the  photometer  paper 
(Bunsen’s)  mounted  on  a slide  so  as  to  be  easily  adjusted  between  the  two 
sources  of  light.  A small  slit  in  the  side  of  the  tube  allowed  the  observer 
to  see  the  paper  disc. 

The  difficulties  arising  from  the  difference  of  colour  were  at  first  thought 
to  be  considerable,  but  the  committee  found  that  practice  and  experience 
enabled  the  observer  to  overcome  these  to  such  an  extent  that  the  error 
arising  from  them  was  inconsiderable,  being  far  less  than  that  due  to 
the  fluctuations  and  unsteadiness  in  the  electric  arc  itself. 

Luminous  Standards. 

The  selection  of  a suitable  luminous  unit  has  for  many  years  occupied 
the  attention  of  those  physicists  and  engineers  occupied  with  jiroblems  of 
lighting.  On  account  of  its  importance,  this  question  was  naturally  brought 
before  the  Congress  of  Electricians  for  consideration  and  discussion ; 
unfortunately,  however,  no  satisfactory  solution  was  arrived  at,  and  for 
want  of  something  better  it  was  necessary  to  stop  at  the  least  objectionable 
of  the  standards  generally  used — the  Carcel  lamp — and  to  recommend  it 
provisionally,  with  the  object  of  obtaining  results  sufficiently  uniform  to 
render  them  comparable.  As  we  have  already  said,  an  International  Com- 
mission ought  to  be  formed  to  investigate  the  problem  and  determine  the 
rules  which  should  be  definitely  adopted  in  photometric  investigations. 
The  determination  of  a luminous  standard  will  certainly  be  one  of  the  most 
delicate  parts  of  its  programme,  because  the  qualities  that  should  be  com- 
bined in  such  a standard  are  so  numerous,  that  it  would  appear  very  difficult 
to  realise  them  simultaneously. 

First  of  all  let  us  consider  the  particular  case  of  electric  lighting,  from 
which  intensities  of  the  most  varied  character  are  obtained — from  incan- 
descence lamps,  each  of  a fraction  of  a candle,  to  the  great  Brush  arc  light 
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of  many  tliousand  candles,  sucli  as  was  exhibited  at  the  Crystal  Palace  in 
December,  1881.  Can  so  wide  a range  of  intensities  be  referred  for 
measurement  to  one  standard  unit,  or  will  it  be  possible  to  find  several 
units,  absolutely  multiples  of  eaclr  other,  and  applicable  to  the  various 
electric  lamps  ? Such  a standard  by  no  means  exists  at  present,  and  we  are 
now  obliged  to  resort  to  several  units  more  or  less  variable,  of  very  uncertain 
ratios,  and  the  permanent  nature  of  which  can  be  acquired  only  under 
numerous  conditions.  Moreover,  the  least  objectionable  of  them  all  is  too 
feeble  to  measure  high  intensities.  Practically,  if  an  error  8 is  made  in 

the  distance  d of  the  standard  lamp  of  the  photometer,  the  ratio  Cl  which 


P)2 

gives  the  measure  of  intensity  to  be  valued,  will  become  ^^^^1  the 

ratio  of  the  two  evaluations,  correct  and  erroneous,  will  be  : 


D 

g 

Avhich  will  more  nearly  approximate  to  the  unit,  as  the  ratio  - is  smaller. 


We  have  seen  that  Messrs.  Ayrton  and  Perry  have  attempted  a correc- 
tion of  this  error  by  placing  a diverging  lens  before  the  powerful  luminous 
source,  which  spreads  and  reduces  the  light  per  unit  surface,  in  a known 
ratio.  This  is  one  of  the  numerous  propositions  on  which  the  International 
Commission  will  have  to  decide.  The  inability  of  the  Congress  of  1881  to 
deal  with  this  subject  is  evidence  of  the  difficulties  that  the  problem  presents. 
They  will  be  made  more  evident  from  the  analysis  which  we  })ropose  to  make 
of  the  various  units  employed. 

The  chief  of  these  units  are  “ candles  ” of  various  types,  oil  lamps,  and 
gas  burners. 

Candles. — These  form  the  first  units  of  light  enqdoyed  in  photometry. 
In  France  they  have  been  superseded  by  the  Carcel  lain]),  and  are  only  used 
exceptionally  under  the  name  of  Bougies  de  rEtoile  for  measurements  of  very 
low  intensities.  In  England  and  Germany  the  candle  is,  on  the  other  hand, 
very  largely  used.  In  this  country  they  are  made  of  sjiermaceti,  while  in 
Germany,  paraffin  is  employed.  Tliis  difterence  in  ty])es  naturally  ])roduces 
great  confusion  in  making  conqiarisons,  because  the  three  candles  are  not 
of  equal  intensity.  Moreover,  in  each  type  the  candles  have  not  always 
the  same  ])ower,  and  during  combustion,  variations  occur  which  often 
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affect  the  luminous  values  to  a considerable  extent.  A French  engineer, 
M.  Girout,  who  recommended  as  a standard,  a gas  jet  with  a pressure 
regulator,  of  which  we  shall  speak  presently,  has  published  in  the  Paris 
Journal  of  Gas  Lighting,  a resume  of  very  careful  experiments,  which  he 
carried  out,  on  the  variations  in  intensity  of  photometric  candles.  These 
experiments  are  summarised  very  clearly  in  a series  of  graphic  tables,  some 
of  which  we  reproduce  in  Figs.  Ill  to  114  ; in  each  of  them  the  vertical  lines 
represent  the  successive  positions  occupied  by  the  movable  screen  of  a 
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Bunsen  photometer  placed  between  the  two  lights  to  be  compared,  at  the 
moment  when  the  spot  disappeared.  The  ordinates  give  the  series  of 
observations  made  from  minute  to  minute,  the  time  being  reckoned  by  a 
seconds’  registering  chronometer.  The  candles  were  weighed  to  within 
1.5  grains,  and  moulded  just  before  each  experiment,  in  such  a way  as  to 
leave  a length  of  one  centimetre  at  the  carbonised  part  of  the  A’dck.  Fig.  Ill 
gives  a comparison  between  two  spermaceti  candles,  weighing  73.35  grammes. 
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and  7.3.40  grammes,  and  absolutely  identical  in  appearance.  It  would  be 
supposed,  d 2^'>'iori,  that  they  would  yield  an  ec^ual  light,  but  from  the 
diagram  it  will  be  seen  that  candle  B burnt  with  more  intensity  than  candle 
A.  The  mean  ratio  of  the  intensities  was  B = 1.113  A,  with  variations 

Fig.  113. 


ranging  from  B = 0.973  A and  B=1.3  A.  In  the  course  of  the  experi- 
ment, the  candle  B lost  7.824  grammes  and  candle  A lost  7.534  grammes. 
The  experiments,  Phgs.  112  and  H3,  show  the  candles  A and  B compared 
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with  a standard  gas  jet,  burnt  from  a single  hole  burner  nominally  equal 
in  intensity  to  .1  of  the  normal  carcel,  and  having  a flame  2.65  in.  in 
height.  In  the  first  case,  the  mean  intensity  was  .0875  carcel,  with  a 
maximum  variation  of  55  per  cent,  from  the  lowest  intensity.  In  the 
second  it  was  .087  carcel,  with  a variation  of  34  per  cent,  from  the  minimum 
value.  The  experiment  corresponding  to  the  curve,  in  Fig.  H4,  results  from 
a comparison  of  the  Girout  standard,  with  a paraffin  candle  of  which  the 
successive  lengths  of  flame  were  measured.  The  intensities  are  practically 
subject  to  the  same  variations  as  the  lengths  of  the  flame,  ranging  to  62 
per  cent,  above  the  lowest  value,  with  an  average  corresponding  to  .1041, 
or  about  one-tenth  of  a carcel. 

The  variations  shown  by  these  experiments  are  easily  explained  if  we 
consider  the  numerous  conditions  which  an  invariable  intensity  requires — 
homogeneousness  of  the  fatty  body  forming  the  candle,  absolutely  equal 
distribution  around  the  wick,  uniformity  in  structure  of  wicks,  a constant 
rate  of  combustion,  the  absence  of  all  currents  of  air.  If  we  consider  the 
mode  of  making  each  type  of  candle,  it  will  be  seen  that  the  materials  of 
which  they  are  composed  are  never  absolutely  homogeneous,  either  on 
account  of  differences  in  chemical  composition,  or  because  of  irregular  me- 
chanical distribution.  Practically,  stearine  candles  contain  very  variable  pro- 
portions of  wax  and  paraffin.  Spermaceti  candles  are  mixed  with  about  3 per 
cent,  of  wax  and  paraffin,  and  the  latter  material  in  its  turn  has  a very  variable 
composition  ; its  melting  point  ranges  from  113°  C.  to  140°,  according  to  its 
mode  of  manufacture,  and  the  nature  of  the  raw  material  from  which  it  was 
extracted.  Stearine  and  wax  are  also  sometimes  mixed  with  the  paraffin. 
Each  of  the  bodies  composing  the  three  types  of  candles  is  thus  a compound 
of  very  variable  composition  ; besides  this,  the  process  of  moulding  presents 
great  difficulties.  In  cooling,  fatty  bodies,  especially  paraffin,  contract  and 
form  cavities  around  the  wick,  or  flake  and  develop  a tendency  to  crystalli- 
sation, which  renders  the  mass  quite  heterogeneous.  It  is  not  necessary  to 
insist  further  on  the  causes  of  variations  in  intensity  and  duration  arising 
from  differences  in  the  material  of  which  the  candles  are  composed.  The 
wicks  of  the  candles  are  generally  formed  of  from  60  to  80  woven  strands  of 
cotton,  and  treated  with  substances  to  facilitate  combustion,  such  as  nitrate 
of  potash,  and  with  materials  such  as  boric  acid,  borax,  phosphate  of  am- 
monia, &c.,  which  form  heavy  cinders  coming  away  from  the  end  of  the 
wick.  These  materials  are  dissolved  in  a great  excess  of  water,  which 
prevents  the  wick  from  burning  down  to  the  level  of  the  body  of  the  candle. 
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It  will  be  seen  at  once  that  the  structure  of  the  wick,  its  length,  the  form  it 
assumes  at  different  periods  of  combustion,  and  its  more  or  less  eccentric 
position,  exercise  a great  influence  on  the  intensity  of  the  light.  The 
slightest  current  of  air  that  causes  the  flame  to  flicker,  will  still  further 
affect  the  variations  due  to  unequal  combustion  and  to  changes  in  length  of 
the  wick. 

For  all  these  reasons,  then,  it  is  impossible  to  trust  absolutely  to  the 
results  obtained  by  the  comparison  of  luminous  sources  with  candles.  We 
have  seen  that  according  to  the  experiments  of  M.  Girout,  the  variations 
sometimes  exceed  50  per  cent,  of  the  minimum  value,  so  that  an  electric 
light  measured  by  means  of  a candle  standard,  might  vary  in  nominal  value 
between  1000  and  1500  candles.  Under  these  conditions  photometric 
measurement  offers  no  guarantee  of  accuracy. 

To  summarise  this  part  of  the  question,  the  mean  values  adopted  for  the 
intensities  of  various  types  of  candles  are  as  follows  : The  French  stearine 
candle  (called  IJEtoile)  weighs  one-fifth  of  a pound,  and  burns  at  the  rate 
of  7.60  grammes  per  hour.  According  to  Peclet  this  standard  has  a value 
of  about  one-seventh  of  a normal  carcel,  and  according  to  Becquerel  from 
one-eighth  to  one-ninth.  These  difterences  may  be  taken  as  due  to  vari- 
ations in  the  length  of  the  wick,  which  if  not  trimmed  may  lose  12  per  cent, 
of  its  lighting  power.  It  is  recommended  that  the  wicks  should  be  kept  at 
a constant  length  of  one  centimetre.  We  have  seen  above  that  the  luminous 
value  of  the  spermaceti  candle  is  .087  carcel,  and  that  of  the  paraffin  candle 
.1  carcel.  It  is  almost  unnecessary  to  point  out  that  these  values  are 
always  uncertain. 

The  Carcel  Lamp. — The  Carcel  lamp  has  this  advantage  over  candles, 
in  that  it  provides  a more  constant  unit  and  one  of  a higher  absolute 
value.  The  principle  of  its  construction  is  a modification  of  that  devised 
by  Ainie  Argand  in  1789;  previous  to  that  date  little  or  nothing  had 
been  done  in  improving  the  arrangement  of  lamps.  Aigand  substituted 
for  the  flat  wicks  then  in  use,  annular  wicks,  with  a central  current  of  air, 
burning  the  oil  more  completely  on  account  of  the  increase  in  surface  of  the 
wick  in  contact  with  the  air.  By  this  means  he  suppressed  the  smoke  and 
consequent  waste  ])roduced  from  other  wicks  and  arising  from  the  insufficiency 
of  air  in  the  centre  of  the  flame.  The  central  draught  that  Argand  at  first 
tried  to  produce  l)y  a small  metal  chimney  placed  at  a certain  height  above  tbe 
flame,  was  soon  re})laced  by  a cylindrical  glass  chimney,  by  means  of  which 
the  height  of  the  flame,  and  therefore  its  intensity,  could  be  increased,  while 
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absolute  steadiness  was  secured.  The  form  of  the  chimney  was  modified  a 
short  time  after  by  Lange,  who  conceived  the  idea  of  contracting  the  glass 
at  the  point  nearest  the  flame  in  such  a way  as  to  break  up  the  current  of 
air,  and  to  direct  it  on  to  the  flame  in  order  to  produce  more  complete  com- 
bustion. The  lamp  devised  by  Carcel  in  1800  added  to  the  arrangement  of 
Argand,  a regular  feeding  of  the  wick.  In  this  lamp  the  oil  reservoir  is 
placed  in  the  base,  and  the  oil  is  raised  up  to  the  wick  by  means  of  a small 
pump,  actuated  by  clockwork.  The  improvements  afterwards  made  by 
Perrot  brought  these  lamps  into  a practical  form,  excellent  in  principle,  but 
somewhat  complicated.  Perrot’s  modification  consisted  in  replacing  the 
pump  by  a simple  leather  membrane.  This  device  incorporated  in  the 
so-called  moderator  lamps,  effected  a large  economy  over  the  complicated 
mechanism  of  Carcel.  The  moderator  was  devised  by  Franchot,  who  sub- 
stituted for  the  clockwork,  a spring,  the  gradual  unwinding  of  which,  forced 
up  the  oil  by  means  of  a piston  placed  above  it ; the  fall  of  the  piston 
caused  the  oil  to  rise  by  a tube  up  to  the  level  of  the  wick.  The  piston  is 
formed  of  two  thin  discs  of  iron,  with  a leather  washer  fastened  between 
them,  that  allows  the  oil  poured  into  the  lamp  to  descend  into  the  lower 
reservoir,  and  afterwards  forces  it  up  a tube  that  the  piston  carries  with  it 
in  its  movement.  This  tube,  which  is  very  small,  fits  into  a larger  one 
attached  to  the  burner,  and  which  carries  at  its  centre  a rod  that  enters 
the  tube  bringing  up  the  oil,  the  penetration  of  the  rod  varying  with  the 
position  of  the  piston.  It  is  this  part  of  the  apparatus  that  gives  the 
name  of  moderator  to  the  lamp.  The  force  of  the  spring  is  so  adjusted  that 
the  amount  of  oil  supplied  to  the  burner  remains  almost  constant,  whatever 
the  position  of  the  piston. 

This  brief  description  is  necessary  as  an  introduction  to  a study  of  the 
value  of  oil  lamps  as  photometric  standards.  First  employed  for  this  pur- 
pose by  Arago  and  Fresnel,  they  were  afterwards  adapted  by  MM.  Dumas 
and  Regnault  for  the  photometric  experiments  carried  out  to  regulate  the 
illuminating  power  of  the  gas  supplied  to  the  city  of  Paris. 

The  intensity  of  the  Carcel  lamp  depends  on  various  elements,  the 
principal  of  which  are  the  composition  of  the  oil,  the  nature  and  the  length 
of  the  wick,  the  position  of  the  contraction  in  the  chimney  above  the  flame, 
&c.  These  elements  have  been  studied  by  MM.  Paul  Andouin  and  Paul 
Berard,  in  a paper  published  in  the  “ Annales  de  Physique  et  de  Chimie” 
(1862,  Vol.  LXV.,  Third  Series,  page  423).  Their  mode  of  experimenting 
consisted  in  successively  varying  one  of  the  elements,  keeping  the  others 
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constant,  in  order  to  ascertain  to  what  degree  these  variations  influenced 
the  intensity  and  expenditure  of  oil  in  the  Carcel  lamp.  The  latter  being 
placed  on  a balance  at  a distance  of  one  metre  from  the  photometer,  a ring 
gas  jet  with  twenty  holes  was  placed  at  an  equal  distance.  The  consump- 
tion of  gas  could  be  regulated  so  as  to  make  the  intensity  of  the  flame 
exactly  equal  to  that  of  the  lamp.  A gas  counter  recorded  the  gas  used. 
The  lighting  power  of  the  Carcel  was  reduced  by  a simple  iji-oportion  to  an 
expenditure  of  42  grammes  per  hour.  The  consumption  of  gas  increased 
with  an  increase  in  the  intensity  of  the  lam}).  When  this  had  reached  a 
maximum,  the  gas  jet,  regulated  in  such  a way  as  to  give  an  equal  light, 
consumed  a maximum  amount  of  gas.  A first  series  of  experiments  had  for 
their  object  to  investigate  how  the  consumption  varies  with  the  height  of 
the  wick,  the  height  of  the  bend  in  the  chimney  remaining  constant,  and  7 
millimetres  above  the  top  of  the  wick.  The  first  of  the  subjoined  Tables 
gives  the  results  obtained. 


Oil  Consumed  in  Carcel  Lamp,  with  Wick  Constant  and  Chimney  Variable. 


Length  of 
W'ick. 

Small  Wick. 

Medium  Wick. 

Large  Wick. 

Consumption 
of  Oil  per 
Hour. 

Consumption 
of  Gas  calcu- 
lated to  equal 
the  Carcel  of 
42  Grammes. 

Consumption 
of  Oil  per 
Hour. 

Consumption 
of  Gas  calcu- 
lated to  equal 
the  Carcel  of 
42  Grammes. 

Consumption 
of  Oil  per 
Hour. 

Consumption 
of  Gas  calcu- 
lated to  equal 
the  Carcel  of 
42  Grammes. 

■ 

mill. 

grammes. 

litres. 

grammes. 

litres. 

grammes. 

litres. 

4 

27 

96 

30 

155 

32 

99 

6 

33 

175 

36 

193 

36 

159 

8 

38 

196 

42 

185 

42 

192 

10 

40 

190 

42 

200 

45 

194 

12 

35 

170 

40 

193 

48 

212 

14 

38 

177 

40 

51 

216 

16 

36 

180 

45 

186 

48 

189 

18 

1 

i 

31 

153 

42 

192 

The  second  series  of  experiments  relates  to  variations  in  consumption 
according  to  the  position  of  the  bend  in  the  chimney,  the  wick  being  kept 
at  a fixed  height  of  7 millimetres. 

From  the  accompanying  Tables  the  following  deductions  may  be  made. 
1.  By  increasing  the  height  of  the  wick,  the  consumption  of  oil  and  the 
intensity  of  light  increases  uji  to  10  millimetres,  and  then  diminishes.  2. 
The  more  the  bend  in  the  chimney  is  raised,  the  more  the  consumption  of 
oil  is  increased,  but  at  a certain  moment  the  consumption  continuing  to 
increase,  the  intensity  diminishes.  There  is  therefore  a height  of  the  neck 
of  the  chimney  corresjionding  a maximum  intensity.  3.  The  average  wick 
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corresponds,  with  equal  consumption,  to  the  maximum  intensity  ; it  is  there- 
fore the  most  advantageous.  4.  Except  when  the  consumption  was  nearly  42 
grammes  of  oil,  where  the  numbers  representing  the  intensities  show  but  little 
differences,  there  is  no  constant  ratio  between  the  expenditure  of  oil  and  of 
gas.  This  ratio  increases  U])  to  a maximum  which  it  attains  towards  the 
consumption  of  42  grammes.  And  when  photometric  measurements  are 
taken  with  the  Carcel  as  a standard,  if  the  consumption  is  not  exactly  42 
grammes,  it  is  impossible  to  reduce  the  results  to  the  consumption  of 
42  grammes  by  any  simple  calculation,  until  the  actual  consumption  lies 


Consumption  of  Oil  in  Carcel  Lamp,  with  Wick  Fixed  and  Chimney  Variable. 


Height  of 
Bend  in 
Chimney 
above  Level 
of  Wick. 

Small  Wick. 

Medium  Wick. 

Large 

Wick. 

Consumption 
of  Oil  per 
Hour. 

Consumption 
of  Gas  calcu- 
lated to  equal 
the  Carcel  of 
42  Grammes. 

Consumption 
of  Oil  per 
Hour. 

Consumption 
of  Gas  calcu- 
lated to  equal 
the  Carcel  of 
42  Grammes. 

Consumption 
of  Oil  per 
Hour. 

Consumption 
of  Gas  calcu- 
lated to  equal 
the  Carcel  of 
42  Grammes. 

mill. 

grammes. 

litres. 

grammes. 

litres. 

grammes. 

litres. 

- 2 

18 

14 

18 

11 

15 

23 

+ 3 

25 

63 

21 

57 

27 

7 

36 

187 

39 

161 

48 

175 

12 

39 

199 

42 

200 

50 

186 

19 

42 

151 

45 

175 

51 

164 

24 

46 

315 

45 

161 

54 

140 

29 

51 

133 

between  the  limits  of  40  and  44  grammes.  Outside  of  those  limits  the 
results  given  are  inexact.  It  is  impossible  to  fix  absolutely  the  condition  in 
which  a Carcel  lamp  will  have  a constant  expenditure.  The  temperature, 
the  agitation  of  the  air,  the  duration  of  lighting,  the  quantity  of  oil  in  the 
reservoir,  all  of  these  causes  combine  to  vary  the  consumption,  and  therefore 
the  intensity.  Before  commencing  a series  of  photometric  measurements  it 
is  expedient,  if  great  precision  is  desired,  to  subject  the  lamp  to  preliminary 
tests,  to  ascertain  under  what  condition  it  gives  the  best  results. 

The  use  of  the  standard  Carcel  has  been  especially  studied  in  reference 
to  its  application  in  verifying  the  lighting  power  of  gas  made  by  the  Com- 
pagnie  Parisienne,  and  the  recommendations  of  MM.  Dumas  and  Regnault, 
in  connection  with  the  subject,  have  been  much  followed  in  conducting 
official  tests  in  F ranee  of  the  luminous  value  of  the  electric  light.  We  may 
therefore  recall  the  practical  instructions  prepared  by  these  two  celebrated 
physicists,  and  explain  at  the  same  time  the  ordinary  mode  of  measuring 
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the  values  of  gas  jets.  According  to  these  instructions  the  elements  of  the 
Carcel  lamp  should  be  as  follows  : 


Exterior  diameter  of  burner 

Millimetres. 

23.5 

Interior  „ inner  air  current 

17 

» » outer  „ 

45.5 

Total  height  of  chimney 

290 

Distance  from  elbow  to  base  of  glass 

61 

Exterior  diameter  at  level  of  bend 

47 

Interior  „ of  glass  at  top  of  chimney 

34 

Mean  thickness  of  glass 

2 

Wich. — A medium  wick  should  be  employed,  of  the  type  known  as 
lighthouse  wick.  It  should  be  woven  with  75  strands,  and  should  weigh 
3.6  grammes  per  decimetre  of  length.  The  wicks  should  be  kept  in  a dry 
place,  or  should  be  preserved  in  a box  with  a double  bottom  containing 
quick  lime  that  ought  to  be  renewed  from  time  to  time. 

Oil. — Purified  colza  should  be  used. 

The  photometer  of  MM.  Dumas  and  Regnault  is  illustrated  by 
Figs.  115  and  116  ; it  is  essentially  the  same  as  that  of  Foucault.  The 
parts  comprising  the  complete  apparatus  are  placed  by  a table  attached 
to  a frame  by  means  of  four  adjusting  screws.  The  Carcel  lamp  is  put 
on  one  scale  of  a balance,  and  the  photometric  screen  is  set  behind  the 
glass  0.  The  luminous  field  can  be  varied  by  means  of  the  small  screw 
placed  above  the  observing  glass  O,  which  displaces  the  transverse  parti- 
tion, and  allows  the  two  illuminated  fields  to  be  brought  in  contact.  In 
this  apparatus  the  gas  is  consumed  as  in  a Bengal  burner,  fitted  with  a 
gauge  to  indicate  the  pressure  at  which  it  fiows ; G is  a very  accurate 
counter  divided  into  twenty-eight  equal  parts,  each  one  of  which  cor- 
responds to  the  consumption  of  one  litre  of  gas.  Each  division  is  sub- 
divided into  ten  equal  parts,  and  one-fourth  of  each  sub-division  can  be 
estimated  by  the  eye,  Avhich  thus  gives  an  approximation  to  one-fortieth 
of  a litre.  The  counter  carries  two  indices,  one  of  which  is  set  in  motion 
as  soon  as  the  gas  begins  to  flow,  and  the  other,  loose  on  the  axis,  can  be 
made  fast  by  a lever  controlling  a seconds’  counter.  At  the  moment  of 
making  an  experiment,  the  loose  pointer  of  the  counter,  and  that  of  the 
seconds’  counter,  are  set  at  zero,  and  the  two  needles  are  started.  The 
.system  V R is  a clepsydra,  which  serves  to  control  the  indications  of  the 
counter  with  great  exactne.ss.  The  lighting  of  the  lanq)  comjn’iscs  the  two 
following  operations  : Putting  in  a new  wick  and  cutting  it  to  the  level  of 
the  holder;  filling  the  lanq)  with  oil,  exactly  to  the  level  of  the  gallery. 
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and  placing  the  lamp  in  position.  While  lighting,  the  wick  is  kept  at  a height 
of  5 or  6 millimetres,  and  the  chimney  is  then  put  on.  In  order  to  regulate 
the  consumption  of  oil  the  wick  is  raised  to  a height  of  10  millimetres,  and 


the  glass  is  so  fixed  that  the  bend  may  be  7 millimetres  above  the  level  ol 
the  wick.  To  secure  these  conditions  a little  gauge  adapted  to  the  wick- 
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holder,  is  employed,  the  lower  point  of  which  is  placed  on  the  wick  itself, 
and  the  upper  point  is  adjusted  to  a line  cut  on  the  neck  of  the  chimney. 
The  lamp  now  ought  to  consume  42  grammes  of  oil  an  hour,  and  it  is  neces- 
sary that  this  rate  of  consumption  should  be  maintained.  When  the  quantity 
burnt  falls  below  38,  or  rises  above  46  grammes,  the  experiment  is  stopped. 

The  scale  carrying  the  lamp  is  provided  with  a sector,  balanced  at  the 
centre.  At  the  moment  when  equilibrium  is  produced,  the  arrangement 
starts  a small  hammer  which  strikes  a bell,  and  notifies  the  operator  that 
the  lamp  has  consumed  the  quantity  of  42  grammes,  counterbalanced 
carefully  beforehand,  by  means  of  a weight.  The  lamp,  as  well  as  the 
gas  jet,  is  lighted  half  an  hour  before  the  operation.  As  regards  the  gas 
jet,  it  may  be  assumed  that  when  the  burner  has  not  been  warmed,  it  gives 
five  per  cent,  less  light  than  when  it  is  heated.  Then  the  lamp  is  carefully 
weighed  by  placing  it  in  the  cylinder  fixed  on  one  of  the  scale  pans  of  the 
balance,  the  equilibrium  being  adjusted  by  small  shot.  In  the  scale  carry- 
ing the  lamp  a small  supplementary  weight  of  ten  grammes  is  added. 
Communication  with  the  arm  of  the  balance  and  the  bell  is  then  established, 
and  a careful  observation  is  taken  as  to  the  exact  adjustment  of  the  lamp 
and  gas  flames  at  the  same  level,  and  at  the  same  distance  from  the  screen. 
The  movable  needle  on  the  axis  of  the  counter  is  then  turned  to  zero,  as 
well  as  that  of  the  seconds’  counter.  The  experiments  comprise  the  follow- 
ing details.  The  operator  first  places  himself  behind  the  observing  glass, 
and  to  obtain  equal  illumination  of  both  halves  of  the  screen,  the  gas 
consumption  is  varied  by  means  of  a screw  tap  placed  on  the  counter.  In 
oi’der  to  determine  more  accurately  the  relative  intensities  of  the  two  lights, 
it  is  advisable  to  use  two  small  plates  adjustable  by  means  of  a screw  ; 
these  serve  to  diminish  the  field  of  the  instrument.  When  the  hammer 
strikes  the  bell,  the  counter  needle  is  released  by  means  of  the  lever  which 
puts  both  needles  in  movement.  The  10  gramme  Aveight  is  then  })ut  in  the 
scale  pan,  and  the  bell  connection  is  re-established.  During  the  whole 
duration  of  the  trial,  it  is  necessary  to  observe  carefully  through  the  object- 
glass  if  the  equality  of  both  lights  is  maintained  ; if  necessary,  it  is  adjusted 
by  regulating  the  gas  supply  with  the  screw  cock  before  mentioned.  At 
the  moment  when  the  hammer  again  strikes  on  the  hell,  the  lever  is  pressed 
to  sto})  the  two  needles.  The  expenditure  of  gas  is  then  read  on  the  dial  of 
the  counter,  and  the  })rcssure  on  the  gauge  fitted  to  the  service  i)ipe,  and 
which  oimht  to  mark  2 or  3 millimetres  of  water. 

To  give  an  exanq)le,  let  it  be  assumed  that  the  countei’  indicates  a con- 
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sumption  of  24.5  litres.  The  supplementary  weight  being  10  grammes,  the 
consumption  of  gas  for  42  grammes  of  oil  will  be  2.45  x 42  = 102.9  litres. 
This  test  should  be  repeated  three  times  at  intervals  of  half  an  hour.  The 
lamp  and  gas  jet  lighted  at  the  commencement  of  the  experiment  will  serve 
under  the  same  conditions  during  the  other  tests.  The  average  of  the  three 
results  will  then  be  taken.  The  normal  consumption  of  the  lamp  being  42 
grammes  of  oil  an  hour,  10  grammes  will  be  burnt  in  14  minutes  17  seconds. 
Thus  the  seconds’  counter  allows  the  determination,  in  each  experiment  of 
the  consumption  of  oil  per  hour  in  the  lamp,  and  shows  whether  it  is 
within  the  limits  mentioned  above.  For  example,  let  the  seconds’  counter 
mark  15  minutes  30  seconds,  then 

10  X 

15~5  ~ ^ whence  a;  = 38.7  grammes  per  hour. 

Gas  Jets. — From  the  foregoing  it  will  be  seen  what  minute  precautions 
are  necessary  in  using  the  Carcel  lamp  as  a luminous  standard.  It  was,  there- 
fore, natural  to  propose,  as  a substitute,  a gas  jet  burning  under  a constant 
pressure.  We  have  already  spoken  of  the  gas  standard  devised  by  M.  Girout, 
in  referring  to  the  use  made  of  it  by  MM.  Sautter  and  Lemonnier  as  a unit  in 
measuring  electric  light  intensities,  and  we  may  now  analyse  the  observations 
made  by  these  gentlemen  in  their  paper  already  quoted,  upon  photo-electric 
apparatus.  The  “ candle  jet  ” has  an  ojiening  one  millimetre  in  diameter, 
and  the  flame  of  67.5  millimetres  in  height  corresponds  normally  to  one- 
tenth  of  a carcel.  Slight  variations  in  the  diameter  of  the  opening  make 
no  sensible  differences  in  the  height  of  the  flame,  and  only  exercise  an  effect 
on  its  intensity  in  the  proportion  of  1.5  per  cent,  for  each  increase  of  one- 
twentieth  of  a millimetre.  The  variations  in  the  quantity  of  carbon,  and  in 
the  purity  of  the  gas,  cause  the  height  of  the  flame  to  vary,  and  one  milli- 
metre of  increase  in  the  height  of  the  flame,  corresponds  to  .022  carcel 
increase  in  lighting  power.  It  appears,  however,  somewhat  unlikely  that 
these  figures  should  be  absolutely  correct,  and  the  formula  deduced  from 
them  can  scarcely  be  fully  accepted.  M.  Crova,  whose  work  in  photometry 
is  well  known,  maintains  that  gas  gives  out  very  uncertain  intensities,  and 
even  when  burnt  with  equal  and  constant  pressures  with  identical  burners, 
light  of  very  different  values  is  obtained.  Lighting  gas  is  not  a definite  and 
constant  mixture,  but  a combination  of  a number  of  elements  produced  in 
changing  proportions  at  different  stages  of  the  distillation  process,  from  the 
commencement,  when  the  hydro-carbons  are  produced,  up  to  the  end  when 
pure  hydrogen  without  luminous  energy  is  given  off*.  However,  if  pending 
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a complete  discussion  and  fuller  experiments  conducted  by  the  International 
Committee,  we  accept  the  data  given  above  as  being  accurate,  it  follows 
that  in  employing  a gas  burner  equal  to  seven  carcels  as  a standard  for  the 
electric  light,  we  may  correct  the  lighting  intensity  by  a simple  calculation 
of  proportion  to  the  mean  of  the  flame  of  the  “ candle  burner  ” fed  by  the 
same  gas.  Thus,  if  we  measure  the  differences  in  height  of  the  flame  of  the 
burner  to  about  one  millimetre,  the  error  for  the  burner  of  seven  carcels  will 
be  .022  c.  X 7 = .154  carcels.  The  standard  of  seven  carcels  may  thus  be 
used  for  measuring  electric  lights  of  high  power.  On  the  same  service  pipe 
as  the  standard  of  seven  carcels  the  “ candle  burner  ” is  fixed,  to  serve  as  a 
means  of  correction.  Figs.  117  and  118  show  sections  of  these  two  apparatus. 
The  gas  is  supplied  into  the  receiver  C,  and 
passes  thence  by  an  opening  to  the  burner. 

The  flow  is  sustained  under  the  influence  of 
a constant  pressure  fixed  by  the  weight  of 
the  bell  C and  of  the  tube  A.  The  chimney 
of  the  candle  burner  ” carries  a circular 
screen,  movable  along  a scale  graduated  in 
millimetres,  the  centre  of  which  corresponds 
to  the  end  of  the  burner.  In  raising  it  so 
that  its  lower  edge  corresponds  to  the 
extremity  of  the  flame,  an  exact  measure- 
ment of  its  height  is  obtained.  The  sub- 
joined Table  gives  the  value  in  carcels  of  the  normal  seven-carcel  burner  for 
heights  corresponding  to  that  of  the  “ candle  burner.” 


Fig.  117. 


Fig.  118. 


Table  showing  Luminous  Values  of  the  Seven-Cakcel  Gas  Standard. 


Heights  in  Millimetres  of 
the  “Candle  Burner.” 

Actual  Value  of  the 

Seven  Carcel  Burner. 
Carcels. 

72 

7.693 

71.5 

7.616 

71 

7.539 

70.5 

7.462 

70 

7.38 

69.5 

7.308 

69 

7.231 

68.5 

7.154 

68 

7.007 

67.5 

7 

67 

6.923 

66.5 

6.846 

66 

6.769 

65.5 

6.692 

65 

6.615 

64.5 

6.538 

Gas  Standards:  other  Luminous  Standards. 
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Heights  in  Millimetres  of 
the  “Candle  Burner.” 

64 

63.5 
63 

62.5 
62 

61.5 
61 

60.5 
60 


Actual  Value  of  the 
Seven  Carcel  Burner. 
Carcels. 

6.461 

6.384 

6.307 

6.230 

6.153 

6.076 

5.999 

5.922 

5.845 


The  preceding  information  will  be  completed  by  giving  the  equivalent 
in  carcels,  and  star  ” candles  of  the  principal  types  of  gas  burners  adopted 
by  the  Paris  Municipality,  The  comparison  will  be  found  useful  whenever, 
in  arranging  an  electric  light  installation,  a certain  number  of  gas  jets  have 
to  be  replaced  by  electric  lamps. 

The  Municipality  of  Paris  employs  three  principal  types,  to  which  has 
now  to  be  added  the  so-called  “ intense  ” burners. 


Carcels. 

The  1st  series  of  burners  consumes  100  litres  of  gas  per  hour 

and  gives  a light  of  ...  ...  ...  ...  ...  ...  .77 

The  2nd  series  of  burners  consumes  140  litres  of  gas  per  hour 

and  gives  a light  of  ...  ...  ...  ...  ...  ...  1.10 

The  3rd  series  of  burners  consumes  200  litres  of  gas  per  hour 

and  gives  a light  of  ...  ...  ...  ...  ...  ...  1.72 


“Star  ” Candles. 

or  5.39 
7.70 


In  reducing  the  lighting  power  to  100  litres  of  gas  it  will  be  seen  that 
the  first  series  gives 

^^^100  = 5.39  candles  per  100  litres  of  gas  burnt. 

The  second  series  gives 

^^‘^^  = 5.50  candles  per  100  litres  of  gas  burnt. 


The  third  series  gives 


=6.00  candles  per  100  litres  of  gas  burnt. 

This  shows  the  advantage  gained  in  employing  burners  consuming 
larger  quantities  of  gas,  since  the  utilisation  is  better,  which  is  also  proved 
by  the  fact  that  large  burners  of  the  latest  type  consume  1400  litres  of  gas 
per  hour,  and  give  13  carcels,  or  91  candles,  which  is  equivalent  to  a duty 
per  100  litres  of 

^^^^^  = 6.5  candles. 

1400 

Other  Luminous  Standards. — The  uncertainty  attending  the  employ- 
ment of  the  various  standards  in  use,  the  difficulty  of  placing  them  under 
permanently  identical  conditions,  and  of  establishing  for  them  constant 
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ratios,  long  since  attracted  the  attention  of  physicists,  and  determined 
them  to  seek  for  a new  and  more  perfect  unit.  The  development  in 
artificial  lighting,  through  recent  discoveries,  renders  the  research  more 
necessary  and  more  urgent  than  ever.  Solutions  to  the  problem  have  been 
attempted,  but  none  have  attained  any  high  degree  of  success,  as  we  shall 
see  in  reviewing  the  various  standards  proposed. 

First  we  may  refer  in  passing  to  petroleum  as  a light-giving  substance. 
Hydro-carbons  have  a composition  far  too  variable  to  be  used  for.  any 
purpose  where  constantly  uniform  light  is  concerned.  Petroleum  lamps 
combine  the  faults  of  gas  jets  and  those  of  colza  oil  lamps,  with  special 
drawbacks  of  their  own. 

Mr.  Draper  in  1844,  and  Mr.  Zollner  in  1859,  recommended  as  a unit 
of  light  the  energy  developed  by  a wire  or  strip  of  platinum  of  determined 
dimensions,  when  rendered  incandescent  by  the  passage  of  a constant 
current  of  known  intensity.  Mr.  Schwendler  more  recently  adopted  this, 
and  advised  the  comparison  of  luminous  intensities  with  a plate  of  platinum 
2 millimetres  wide  and  36.28  millimetres  long  curved  in  the  form  of  a [J^ 
and  traversed  by  a current  of  6 amperes,  maintained  constant  by  means  of 
a mercury  rheostat.  Such  a light  would  be  equal  to  nearly  two-thirds  of  a 
spermaceti  candle,  forming  a standard  of  very  low  value,  which  of  itself  is  a 
grave  objection  to  its  use.  M.  Crova  has  examined  this  standard  very 
carefully,  and  he  criticises  it  as  follows,  in  a paper  published  by  him  in  the 
Revue  Scientijique  : “It  is  necessary  to  maintain  the  current  absolutely 
constant,  which  requires  a constant  supervision  : bearing  in  mind  that  the 
quantity  of  heat  given  off  by  a conductor  increases  as  the  square  of  the 
intensity  of  the  current,  we  shall  see  that  a small  variation  in  the  current 
will  produce  a relatively  considerable  change  in  the  temperature  ; more- 
over, the  temperature  varying  within  very  narrow  limits,  the  light  emitted 
will  be  subjected  to  changes  in  intensity  as  much  greater,  as  the  tem- 
perature is  higher  (Draper  and  E.  Becquerel);  it  follows  from  this,  that 
almost  imperceptible  variations  in  the  current  will  jiroduce  relatively  great 
changes  in  the  intensity  of  the  light  emitted. 

“ The  surface  of  the  incandescent  })late  of  ])Iatinum  has  of  itself 
an  emissive  power,  feeble  at  first  when  it  is  new  and  j)olished ; but 
by  use,  this  surface  disintegrates  and  becomes  dull ; its  emissive  })ro})erties 
then  increase,  so  that  the  same  current  traversing  the  plate  will  give  a 
luminous  value  varying  with  time.  I have  tried  to  render  this  j)ower 
constant  by  depositing  electrically  on  the  strip,  a film  of  platinum  black. 
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So  trocitod,  the  emission  was  at  first  increased,  then  it  diminislied,  and  the 
strip  became  bright  on  the  surface  in  consequence  of  the  slow  volatilisation 
of  the  film.  It  is  probable  that  the  change  in  the  structure  of  the  platinum 
and  its  slow  volatilisation  at  a high  temperature,  especially  in  a vacuum, 
are  the  principal  reasons  which  have  led  to  the  disuse  of  incandescence 
lamps  with  platinum  or  iridium  wires  in  a vacuum,  as  suggested  by  Mr. 
Edison.  Lastly,  this  light  has  a much  redder  tinge  than  that  from  a 
moderator  lamp.  I have  shown  {“  Annales  de  Chimie  et  de  Physique,” 
Serie,  Vol.  XIX.,  p.  538)  practically,  that  the  temperature  of  these  lamps  is 
about  2000  deg.  Cent.  The  temperature  of  the  Schwendler  standard  being 
necessarily  lower  than  that  of  the  fusion  of  platinum  which,  according  to  M. 
Violle  is  1775  deg.  Cent.,  is  still  lower  than  that  of  the  fiame  of  the  Carcel 
standard,  and  gives  consequently  a redder  light.  It  will,  therefore,  be  seen 
that  this  standard  is  still  less  suitable  than  the  Carcel  burner,  to  compare 
with  the  relatively  white  electric  light,  such  as  that  from  electric  candles  or 
arc  lamps.” 

MM.  Violle  and  Cornu  have  proposed  as  standards  : first,  the  quantity 
of  light  emitted  by  a square  centimetre  of  surface  of  platinum  brought  to 
a state  of  fusion ; and  second,  that  emitted  by  the  same  surface  of  molten 
silver,  a metal  less  costly  and  more  fusible.  These  standards  are  more 
theoretical  than  practical,  and  were  rejected  d priori  by  the  Congress,  on 
account  of  the  difficulty  attending  their  application.  They  are  also  open  to 
the  objection  pointed  out  by  M.  Crova  in  the  extract  from  his  paper 
given  above,  that  they  give  a light  redder  than  that  from  the  flame  of 
an  oil  lamp,  a condition  especially  unfavourable  for  the  measure  of  electric 
arc  lamps. 

We  may  conclude  this  part  of  our  investigation  by  indicating  the  con- 
clusions arrived  at  on  the  general  question  of  photometry  by  the  Congress 
of  1881.  To  show  the  value  of  the  resolutions,  it  is  sufficient  to  mention 
the  names  of  those  who  took  part  in  the  discussions:  Messrs.  Warren  De  la 
Rue,  Helmholtz,  J.  D.  Dumas,  Becquerel,  William  and  Werner  Siemens, 
Gladstone,  Cornu,  Crova,  Allard,  Leblanc,  Violle,  Tchikoleff,  Ayrton,  &c. 
The  discussion  occupied  the  meetings  of  September  16th,  18th,  22nd,  and 
23rd  of  a Commission  specially  nominated  for  the  purpose  ; and  the  full 
seance  of  September  21st,  Mr.  Spottiswoode  acting  as  President. 

The  first  question  submitted  to  the  examination  of  the  Commission 
was  as  follows  : In  the  absence  of  an  absolute  unit  for  the  measurement  of 
luminous  intensities,  does  there  exist  any  system  that  can  be  recommended 
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as  an  international  standard  ? And  is  it  possible  to  establish  simple  rules 
for  photometric  measurements  ? 

Tliese  questions  resulted  in  three  resolutions  presented  to  the  full 
meeting  on  September  21st. 

1.  The  third  section  moved  the  resolution,  that  until  a photometric 
unit  of  absolute  value  could  be  determined  upon,  it  is  advisable  to  recom- 
mend the  use  of  the  Carcel  lani])s  of  the  so-called  lighthouse  type  in 
preference  to  candles. 

2.  The  Congress  decided  that  all  photometric  determinations  of 
electric  lamps  ought  to  comprise  as  an  essential  element,  the  formula  of  the 
lamp,  that  is  to  say,  the  relation  existing  between  the  luminous  intensity 
and  the  direction  of  the  rays.  This  resolution  was  presented  by  M. 
Rousseau. 

3.  An  International  Commission  should  be  nominated  to  test  the 
different  photometric  methods  and  to  propose  the  adoption  of  that  which 
appears  the  most  practical.  This  resolution  was  presented  by  M.  Crova, 
professor  of  physics  at  Montpellier. 

The  discussion  of  these  resolutions  having  resulted  in  some  observa- 
tions, the  Congress  referred  the  discussion  to  the  third  section  for  their 
more  careful  consideration. 

The  sittings  of  the  22nd  and  23rd  of  September  were  occupied  in  this 
investigation  under  the  presidency  of  Professor  Hughes.  It  resulted  in  a 
general  proposition  emanating  from  Dumas,  Warren  De  la  Rue,  and  Sir  W. 
Siemens,  and  was  as  follows  ; “ The  Congress  recommends  to  the  jury  the 
employment  of  the  Carcel  lamp,  in  photometric  comparisons  made  between 
the  various  electric  light  apparatus  exhibited.  The  Congress  begs  the  French 
Government  to  place  itself  in  relation  with  foreign  Governments  to  effect 
the  formation  of  an  International  Commission,  to  be  charged  with  the 
determination  of  the  definite  luminous  standard,  and  the  arrangements  to  be 
observed  in  the  execution  of  experiments  of  comparison.  These  resolu- 
tions were  definitely  adopted  on  the  24th  of  September,  1881. 

Photometric  Measureme'nts. — When  the  o])crator  has  decided  which  is 
the  most  efficient  photometer  at  his  disposal,  and  has  settled  on  the  standard 
of  light  best  ada])ted  for  the  comparison  of  the  intensity  to  be  measured,  he 
should  devote  himself  to  a series  of  ex})eriments  in  order  to  determii\e  the 
power  of  the  rays  emitted  in  all  directions,  and  to  deduce  foi'inuhe  for 
estimating  the  value  of  the  hmiirums  source.  It  is  also  necessary  that  he 
should  study  the  effect  produced  by  one  or  several  lights  upon  the  ground, 
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in  the  working  plane,  and  in  the  variable  directions  which  may  change 
in  each  particular  case.  In  a word,  not  only  the  light  emitted  must  be 
considered,  but  also  the  light  received,  the  absolute  intensity  of  the 
source  employed,  the  useful  distribution  of  the  rays,  the  suppression  of 


Fig.  119. 


Fig.  121. 


Fig.  120. 
Fig.  125. 


Fig.  127. 


Fig.  122.  Fig.  124. 


Fig.  128. 


Fig.  ISO. 


Fig.  126. 

shadows,  and  the  uniformity  of  the  light  on  all  points  illuminated.  The 
investigator  may  then  pass  from  a theoretical  study — that  of  light — to  a 
practical  question — that  of  lighting.  We  shall  not  consider  here  the 
question  of  the  cost  of  illumination  obtained  with  different  varieties  of 
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electric  burners,  but  shall  confine  ourselves  to  certain  brief  indications  on 
the  luminous  efficiency  of  some  of  these  sources  of  illumination.  In  doing 
this  we  shall  be  able  to  show  the  application  of  difierent  photometric 
methods,  and  the  results  to  which  they  have  led. 


Fig.  131.  Fig.  133. 


Electric  arc  lamps  may  be  divided  into  two  classes,  those  fed  by 
direct  and  those  by  alternating,  currents.  In  observing  the  i)rojection  of  a 
voltaic  arc  upon  a screen  it  will  be  seen  that  the  two  carbons  arc  not  equally 
efficient  in  illuminating  power.  Tlie  negative  carbon  becomes  pointed,  the 
positive  on  the  contrary  is  hollowed  out  into  a crater  (Eig.  140),  n-nd 
of  the  total  quantity  of  light  emitted,  about  5 ])cr  cent,  only  is  attri- 
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butablo  to  the  arc  itself,  10  per  cent,  to  the  negative  carbon,  and  85  per 
cent,  to  the  positive  carbon.  It  becomes  necessary  therefore,  if  it  be 
desired  to  place  such  a light  under  the  ordinary  condition  of  service 
— that  is  to  say  throw  the  light  downwards — to  make  use  of  regu- 
lating lamps  in  which  the  positive  carbon  is  above  the  negative,  so 
that  the  crater  may  act  as  a reflector  to  throw  the  rays  upon  the 
ground  in  every  direction,  except  vertically  under  the  negative 
carbon.  The  amount  of  light  distributed  in  any  given  direction  Fig.  i40 
will  be  increased,  as  the  extent  of  the  crater  that  can  be  seen  is 
greater.  If  the  axis  of  the  two  carbons  be  identical  and  the  points  be 
separated  by  a space  of  a few  millimetres,  it  is  evident  that  the  boundary 
of  maximum  intensity  will  be  a cone,  the  opening  of  which  is  greater 
or  smaller  according  to  the  conditions  of  the  the  experiment.  Outside  and 
within  this  cone  of  maximum  brilliancy,  the  intensity  will  decrease  gradually 
under  symmetrical  conditions,  in  such  a way  that  the  illuminated  zones  on  a 
plane  perpendicular  to  the  axis  of  the  lamp  and  placed  below  it,  will  be 
concentric  on  each  side  of  a circle  of  maximum  light. 


When  instead  of  uniform  distribution,  it  is  desired  to  obtain  a maximum 
beam  in  a given  direction,  such  as  is  necessary  for  lighthouses  and  other 
special  installations,  it  becomes  necessary  to  incline  the  lamp  in  such  a way 
that  the  direction  in  which  it  is  desired  to  obtain  the  greatest  intensity, 
corresponds  to  the  angle  of  the  greatest  emission  of  Fig.  I4i. 

light.  It  is  easy  to  obtain  a higher  efficiency  by  the 
simple  device  of  shifting  the  axes  of  the  carbons,  as 
shown  in  Figs.  141  and  142,  so  that  the  positive  carbon 
may  present  an  oblique  crater,  almost  wholly  visible  in 
the  desired  direction.  Again,  by  inclining  the  carbons 
in  such  a way  that  the  crater  may  be  vertical,  a maxi- 
mum intensity  in  a horizontal  plane  is  obtained,  the  opposite  side  presenting 
the  minimum  of  brightness.  MM.  Sautter,  Lemonnier,  and  Co.,  Paris,  the 
well-known  engineers,  have  constructed  several  regulating  lamps  on  this 
principle  for  lighthouses,  and  for  naval  and  military  purposes.  We  borrow 
from  the  publication  already  referred  to,*  a certain  number  of  practical 
results  obtained  by  means  of  the  Degrand  photometer,  and  a gas  jet  of 
seven  carcels,  regulated  by  the  Giroud  rheometer.  Figs.  119  to  139  show 
the  curves  of  distribution  of  intensities,  and  the  luminous  values  v/ith  the 


Fig.  142. 


carbons  arranged  vertically,  and  also  inclined  in  such  a way  as  to  throw  the 


* “ Appareils  Photo-Electriques  Employ (5s  par  les  Marines  Militaires,” 


RESULTS  OF  PHOTOMETRIC  EXPERIMENTS  BY  MM.  SAUTTER,  LEMONNIER,  AND  CO. 

(See  Figs.  119  to  139.) 
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maximum  beam  in  a horizontal  plane.  We  give  on  page  172  a Table  show- 
ing the  principal  particulars  of  the  Gramme  generators  used  in  the  French 
marine,  and  with  which  the  experiments  were  made. 

The  last  two  lines  of  the  Table  compared  with  the  second  and  third, 
and  Figs.  127  and  133  compared  with  Figs.  124  and  135,  show  a gain  in  light  by 
coupling  two  generators  in  quantity. 

In  the  foregoing  Table  the  mean  quantities  of  light  are  the  averages  of 
quantities  observed  following  the  different  angles.  The  maximum  quantities 
are  attained  in  the  projectors  by  employing  inclined  lamps,  and  placing 
the  face  of  the  positive  carbon  opposite  the  observer.  The  annexed  Table 
contains  further  information  upon  the  same  experiments,  and  completes  the 
information  given  in  the  diagrams  Figs.  119  to  139. 

An  examination  of  the  preceding  figures  will  show  that  the  system  of 
lighting  with  superposed  carbons  presents  this  inconvenience,  that  beneath 
the  apparatus  is  a dark  zone,  where  it  is  often  of  importance  to  have  light. 
Manufacturers  have  reduced  the  extent  of  this  zone  by  placing  above  the 
arc,  the  mechanism  feeding  the  carbons,  which  was  at  one  time  generally 
fixed  underneath,  but  the  negative  carbon  and  its  holder,  however  small 
they  may  be,  always  throw  a shadow.  To  avoid  this  arose  the  idea  of 
placing  the  carbons  horizontally,  which  also  allows  the  employment  of  rods 
of  greater  length,  and  a consequent  increased  duration  of  lighting. 


THE  EYE  AS  A PHOTOMETRIC  INSTRUMENT. 


rpHE  important  part  fulfilled  by  the  observer’s  eye  in  almost  every 
method  of  photometrical  measurement,  has  probably,  not  escaped 
the  notice  of  our  readers.  Even  when  photography  is  brought  into  use,  as 
in  MM.  Fizeau  and  Foucalt’s  method,  the  eye  has  ultimately  to  deter- 
mine the  value  of  the  different  effects  produced.  It  is  only  in  such  purely 
chemical  methods  as  that  of  Bunsen  and  Roscoe  that  the  eye  has  not  to 
measure  results.  It  may,  therefore,  well  be  asked : How  does  light 
effect  the  eye  ; and  within  what  limits  can  that  organ  judge  diflerences 
of  illumination  ? 

Light  is  given  off  from  every  visible  surface ; being  either  reflected 
therefrom,  transmitted  through  the  substance  of  which  it  is  a surface,  or 
actually  produced  by  molecular  vibrations  of  the  substance,  as  in  the  case  of 
luminous  points  on  the  surface  of  molten  iron.  A luminous  point  gives  off  rays 
of  light  in  every  direction,  and  those  rays  travel  in  straight  lines.  This  is 
obvious ; for  from  whatever  position  a luminous  point  is  viewed,  it  is  visible 
so  long  as  no  opaque  object  is  interposed ; but  the  rays  do  not  travel  by  a 
curved  line,  and  so  pass  round  an  obstacle. 

It  will  be  obvious  that  a luminous  point  at  the  centre  ot  a hollow 
sphere  will  illuminate  every  e(|ual  portion  of  the  internal  surface  of  the 

sphere  to  an  equal  extent.  Consequently  the  concave  

surface  of  the  segment  A B,  Fig.  143,  of  a sphere  A B C, 
will  receive  from  the  luminous  point  G the  same  quantity 
of  light  as  the  concave  surface  D E of  tlio  sphere  D E F ; 
and  that  quantity  will,  if  the  outer  s})here  be  twice  the 
size  of  the  inner,  be  s])read  over  an  area  four  times  as 
great ; for  the  surface  areas  of  spheres  vary  the  scpuii-es  Fig-  143. 
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of  the  radii,  the  formula  for  ascertaining  the  area  being  4 tt  ; so  if  r equals 
I,  and  equals  2,  the  surfaces  would  be  as  1 to  4.  Thus  it  is  proved  that 
the  intensity  of  illumination  of  a surface  is  inversely  as  its  distance  from  the 
source  of  light. 

Considering  this  law,  it  is,  at  first  thought,  strange,  that  objects  should 
appear  of  almost  exactly  similar  brightness  at  a considerable  distance  as 
when  near  at  hand  ; but  that  they  do 
appear  similar  is  due  to  the  fact  that 
the  areas  of  the  images  of  such  objects 
upon  the  retina,  likewise  vary  inversely 
as  the  squares  of  their  distances  from 
the  observer ; hence  the  physiological 
effect  upon  the  portion  of  retina  affected 
is  similar,  whatever  the  distance  at 
which  the  objects  may  be  from  the  ob- 
server. Any  difference  in  the  apparent 
brightness  to  an  observer  of  two  lights 
of  similar  size  and  intensity,  but  at  different  distances  from  him,  is  due 
to  the  absorption  of  light  by  the  medium  through  which  the  rays  of  light 
pass  from  their  sources  to  the  observer. 

In  order  the  better  to  explain  the  construction  of  the  human  eye,  a ver- 
tical section.  Fig.  144,  and  a horizontal  section.  Fig.  145,  are  given.  It  will  be 
seen  that  the  eye  is  a nearly  spherical  ball.  The  transverse  diameter  is  said  to 
be  slightly  greater  than  either  the  vertical  or  the  longitudinal  diameters,  which 
latter  are  approximately  equal.  The  eye  lies,  embedded  laterally  and  behind 
in  fat,  in  a bony  socket  called  the  orbit,  in  which  it  is  turned  by  means  of 
six  muscles.  The  attachments  of  four  of  these  muscles  to  the  ball  are  marked, 
respectively,  Ci,  Cg,  Cg,  c^,  and  they  direct  the  eye  upon  the  object  at  which 
it  is  desired  to  look.  Their  other  ends  are  attached  to  the  edges  of  the  hole 
in  the  back  of  the  orbit,  through  which  hole  the  optic  nerve  d passes ; its 
sheath  being  a continuation  of  the  outer  coat  of  the  eye.  The  other  two 
muscles  are  attached  rather  to  the  rear  of  the  point  C3,  above  and  below  it 
respectively.  One  passes  above,  and  the  other  below  the  eye,  and  they  pull 
it  forward  towards  the  inner  front  part  of  the  orbit. 

The  eye  consists  of  a thick  horny  outer  shell,  the  opaque  portion  of 
which,  e,  forms  what  is  known  as  the  white  of  the  eye ; it  is  called  the 
sclerotica.  The  transparent  portion,  f similar  in  form  to  a watch-glass,  is 
the  cornea.  It  forms  a segment  of  a smaller  sphere  than  the  eye,  and  is 
let  into,  and  continuous  with  the  sclerotica. 
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Immediately  inside  the  sclerotica  is  the  choroid  coat  g,  which  consists  of 
a close  network  of  capillaries,  joining  nu- 
merous arteries  and  veins  which  lie  out- 
side the  network,  the  whole  being  united 
by  connective  tissue  layers  of  stellate 
cells  containing  black  pigment.  The 
inner  surface  of  the  choroid  coat  is  a 
single  layer  g^  of  flattened  hexagonal 
pigment  cells,  and,  strictly  speaking, 
forms  part  of  the  retina.  The  choroid 
coat  is  principally  useful  to  absorb, 
by  means  of  the  black  pigment,  the 
rays  of  light  which  pass  through  the 
transparent  retina.  It  ends,  internally,  in  front,  in  a number  of  radial  folds 
or  ridges  called  cilliary  processes,  g.^.  Externally,  it  is  continuous  with  the 
iris  h,  which  is  an  annular  opaque  curtain,  the  inner  diameter  of  which  is 
variable,  thus  altering  the  size  of  the  pupil  Ai,  by  which  means  the  quantity 
of  rays  of  light  entering  the  eye  is  regulated. 

The  retina,  a very  delicate  membrane,  varying  from  the  xcij^h  to  the 
^’yth  part  of  an  inch  in  thickness,  lies  next  inside  the  choroid  coat.  It  is 
an  expansion  of  the  optic  nerve  d,  and  is  the  only  part  of  the  eye  which, 
under  the  influence  of  light,  conveys  the  sensation  of  vision  to  the  brain. 

The  outer  portion  of  the  retina,  next  the  pigment  cells  g^,  consists  of  a 
layer  i of  rods  and  cones,  which  are  arranged  radially,  and  by  means  of 
which  the  vibrations  called  light  stimulate  the  flbres  of  the  optic  nerve. 
Inside  the  layer  of  rods  and  cones,  which  is  barely  ,tth  of  the  whole  thick- 
ness of  the  retina,  is  the  membrane  q,  in  which  lie  the  nerve  fibres  from  the 
optic  nerve,  and  the  blood  vessels  of  the  retina.  The  nervous  elements  of 
the  retina  end  at  the  ora  serata,  q,  a sort  of  wavy  border  line,  beyond  which 
only  a delicate  membrane  of  connective  tissue,  q,  passes  on  to  the  crys- 
talline lens  k. 

From  the  choroid  coat  j)roceeds  the  elastic  suspensory  ligament  l\, 
which  supports  the  lens  k.  The  lens,  too,  is  very  elastic,  especially  in  youth, 
but  it  hardens  with  age  ; and  when  the  eye  is  at  rest,  it  is  kej)t  in  tension 
by  the  ligament  Aj.  The  front  surface  of  the  lens  is  then  less  convex  than 
when  the  eye  is  adjusted  for  viewing  near  objects.  The  lens  and  its  liga- 
ment divide  the  interior  of  the  eye  into  two  chambers,  the  larger  of  which, 

I,  is  filled  with  a delicate  jelly  called  the  vitreous  humour.  The  smaller 
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chamber  is  itself  sub-divided  by  the  iris  into  the  anterior  and  posterior 
aqueous  chambers  m and  rii  respectively  ; so  called  because  they  are  filled 
with  watery  fluid.  These  contents  keep  the  eye  in  proper  shape. 

If,  when  the  eye  is  fixed  upon  some  object  in  front  of  the  observer, 
a slight  motion  of  any  object  takes  place,  even  so  far  as  90°  or  95°  from  the 
line  of  direct  vision,  the  eye  notices  it,  and  an  impulse  is  given  to  turn 
the  eye  and  head  in  the  direction  of  the  moving  object,  to  view  it  more 
directly.  It  will  thus  be  seen  that  the  eyes  are  conscious  of  movements 
occurring  in  fully — if  not  more  than — a semicircle  about  the  observer. 
That  a ray  of  light  coming  from  the  moving  object  on  one  side  should  be 
bent  from  its  straight  course,  and  pass  through  the  pupil  on  to  the  retina, 
is  due  to  the  fact  that,  although  the  ray  moves  in  a straight  line,  so  long  as 
it  is  passing  through  the  same  medium,  part  of  the  light  is  reflected  from 
the  surface  at  which  the  rest  enters  another  medium,  while  that  which 
enters  the  second  medium,  moves  through  it  at  an  angle  to  its  original  course 
in  the  first  medium.  This  bending  of  the  course  of  the  ray  is  termed 
refraction.  Whatever  may  be  the  angle  at  which  a ray  strikes  a surface, 
the  sine  of  the  angle  which  it  makes  with  the  perpendicular  to  that 
surface,  and  the  sine  of  the  angle  which  it  makes  with  the  same  perpen- 
dicular while  passing  through  the  second  medium,  are  always  in  the 
same  ratio.  Taking  a vacuum  as  the  standard  of  comparison,  we  have 

Sine  of  angle  of  incidence  in  vacuum 
Sine  of  angle  of  refraction  in  a medium  ~ 

A constant  quantity,  termed  the  index  of  refraction,  for  that  medium. 

The  bending  that  takes  place  when  a ray  passes  from  a vacuum  into 
the  air  or  into  gases  is  slight ; on  entering  water,  or  the  media  of  the  eye. 


it  is  much  more,  and  on  entering  glass  still  more. 

The 

following  are 

some  of  the  indices  of  refraction  : 

Hydrogen 

1.000138 

Air 

1.000294 

Chlorine  ... 

1.000772 

Pure  water 

1.336 

Alcohol  ... 

1.372 

The  aqueous  humour  of  the  eye 

1 3366 

„ vitreous  „ ,, 

1.339 

„ cornea 

1.377 

,,  outer  coat  of  crystalline  lens 

1.337 

,,  inner  „ „ 

1.379 

„ central  portion  „ 

1.399 

Crown  glass  ; average  ,, 

1..547 

Flint  „ „ 

1.609 

The  same  law  of  sines  holds  good  between  any  two  media ; and  the 
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relative  index  of  refraction  for  those  media  is  the  ratio  of  their  indices 
with  respect  to  a vacuum.  Thus  from  air  to  water  the  relative  index 
= = 1.335G07.  Hence  the  bending  is  almost  as  great  from  air  as 


from  a vacuum. 

On  leaving  the  medium  in  which  refraction  has  occurred,  and  returning 
into  the  medium  through  which  it  was  previously  passing,  the  ray  resumes 
a course  parallel  to  its  original  course,  if  the  surfaces  at  which  it  enters  and 
leaves  the  intermediate  medium  are  parallel.  If  those  surfaces  are  not 
parallel  there  is  a permanent  bending  of  the  ray.  The  ditferences  of  the 
refractive  indices  of  the  various  media  of  the  eye  are  very  small ; conse- 
quently, the  bending,  after  the  ray  has  once  entered  the  cornea,  is  slight. 
A ray,  bending  from  its  path  through  the  air  on  entering  the  cornea,  would 
on  leaving  the  cornea  return  slightly  towards  its  original  course ; but  in 
passing  through  the  lens  it  would  be  bent  further  from  that  course,  again 
returning  slightly  to  it  on  entering  the  vitreous  humour.  Although  the 
refractive  index  of  glass  is  greater  than  those  of  the  media  through  which 


light  passes  in  the  eye,  a ray  being  bent  more  on  entering  glass  than  on 
entering  the  eye,  yet  much  may  be  learnt  concerning  the  eye  from  experi- 
ments with  glass  prisms  and  lenses,  for  it  is  to  refraction  that  the 
phenomena  produced  by  them  are  due. 

If  a Jj j I ig,  146;  be  a ray  falling  upon  the  suiface  H of  the  prism 
ABC,  and  in  the  plane  of  a principal  section  of  the 
prism,  and  if  i be  the  angle  of  incidence,  and  r the  ' •>,  f 
refracted  angle,  /x  being  the  relative  index  of  refi-action ; 
then  sin  i = ^ sin  r.  Similarly  on  leaving  the  surface  >0-- 
B C,  the  ray  takes  a course  e y,  and  here  sin  Fig.  I46. 

o'l.  The  deviation  produced  at  h is  i — r,  and  at  c it  is  — The  total 
deviation  is  the  angle  h ; consequently 


/i.  = q - r i — r 1 . . • < (1) 

A perpendicular  let  fall  from  B upon  the  point  of  intersection  of  the 
rays  at  h divides  the  angle  I into  two  parts,  of  which  A B /o  = r and  C B k 
= ; for  B h is  perpendicular  to  b d,  and  B k is  also  perpendicular  to  h c, 

and  the  angle  contained  by  the  perpendiculars  to  two  lines  is  eipial  to  the 
angle  contained  by  the  lines  themselves.  Consecpiently  the  angle  l = 
which  value  being  substituted  in  e({uation  (1)  gives 


h = i + iy  — {r  + — i + - I . . . (2) 


When  the  ray  be  through  the  prism  inakes  the  angles  at  the  two 
surfaces  b and  e eciiial,  the  angles  r and  with  the  ])er])eiidiculars  to  those 
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surfaces,  must  be  equal ; and  consequently  i — ; for  /x  is  of  the  same  value 
in  both  cases.  Thus  equation  (2)  becomes  h =■  i q — I — H — I, 

Whence 

. h + I 

....  (3) 

Moreover, 

. h + l 
sin  

sin  i 2 /<N 

/X  = — . — - j • • • (4) 


. h 

sin- 


Thus  the  index  of  refraction  is  obtainable  by  calculation  from  measure- 
ment of  the  angle  I of  the  prism,  and  the  angle  h of  total  deviation. 

Again,  if  a h c,  Fig.  147,  represent  the  section  of  a prism,  and  if  the 
perpendiculars  d e,f  g to  the  faces  a h,  a c he  continued  to  cut  a line  con- 
tinued from  the  base  h c aX  h and  i,  and  if  arcs  h e I,  m g Ihe  struck  from  h 
and  i,  then  the  path  of  a ray,  n e g o,  would  not  be 
altered.  Hence  it  will  be  obvious  that  with  curved’ 
surfaces  a tangent  must  be  drawn  at  the  point  of  inci- 
dence of  the  ray,  and  that  the  angles  of  incidence  and 
refraction  must  be  taken  from  perpendiculars  to  the 
tangents  drawn  from  the  points  of  incidence  and  exit  respectively.  Thus, 
if  the  ray  A B,  Fig.  148,  is  incident  at  B upon  the  curved  surface  C F),  and 
if  E F is  the  tangent  at  B,  and  G H the  perpendicular  thereto,  then 

= sin  g,  which  gives  the  direction  of  B I the  refracted  ray. 

These  remarks  will  make  plain  the  action  of  lenses  in  causing  refraction, 
for  a lens  may  be  regarded  as  the  revolution  of  a figure  similar  to  h e I g m, 
Fig.  147,  about  an  axis  k m.  Such  a lens  is  called  a double  convex  lens, 
and  the  crystalline  lens  of  the  eye  belongs  to  that  class.  But  in  the  eye 


Fig.  147. 


there  are  lenses  of  other  forms.  First,  the  cornea  A,  Fig.  149,  which  is  of 
the  class  called  a converging  meniscus  ; then  the  aqueous  liumoui-  B,  which 
is  also  a lens  of  similar  class  but  of  different  refractive  pov^er ; next 
there  is  the  crystalline  lens  C;  and  finally  the  vitreous  humour  D,  which  is 
practically  a very  thick  diverging  meniscus.  These  four  lenses,  when  built 
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up  into  one  compound  lens,  have  a similar  eftect  to  that  a globular  lens 
would  luive,  if  made  of  materials  of  sufficiently  high  refractive  index,  to 
focus  parallel  rays  at  twice  the  radius  of  curvature — viz.,  at  the  opposite 
surface  to  tliat  at  which  the  I'ays  enter.  The  mean  refractive  index  of  the 
various  media  of  the  eye  is,  however,  but  little  more  than  that  of  water,  and 
this  has  to  be  compensated  for,  in  order  that  the  rays  may  be  focussed  upon 
the  retina',  which  fits  closely  on  the  outer  surface  of  the  lens  D,  Fig.  149- 
This  compensation  is  etfected  by  the  projection  of  the  cornea  beyond  the 
surface  of  the  larger  sphere,  and  by  its  surface  having  a smaller  radius  of 
curvature.  , 

The  effect  of  such  a lens  as  the  eye  may  be  studied  by  means  of  a small 
globular  flask  filled  with  water.  The  flask  may  have  an  imitation  of  the 
cornea  secured  upon  its  surface  with  cement,  a small  air-hole  being  left  at 
the  point  of  junction,  by  means  of  which  the  space  a,  Fig.  150,  B,  can  be 
filled  by  exhausting  an  air-pump  receiver,  in  which 

the  flask  is  })laced,  submei'ged  in  water ; or  a spot  m 

about  the  size  of  a shilling  may  be  heated  near  the 
neck  of  a flask,  and  upon  blowing  into  the  flask,  the 
surface  of  the  spot  can  l)e  forced  outward  to  the  de- 
sired form.  The  opposite  heniis})here  of  the  flask  should  then  be  ground, 
and  the  rest  of  its  surface,  between  the  ground  part  and  the  artificial  cornea, 
painted  black.  The  flask  when  filled  with  water  will  be  found  to  form  ui)on 
the  gi'ound  surface  a picture  of  the  objects  towards  which  the  imitation 
cornea  is  directed,  provided  of  course  that  the  surface  rejiresenting  the 
cornea  has  the  proper  radius  struck  from  a centre  at  suitable  distance  from 
the  centre  of  the  flask.  A,  Fig.  150,  represents  such  a lens,  secured  to 
a stand. 

It  may  then  be  asked.  What  is  the  use  of  four  variously  sha})ed  lenses  ? 
The  answer  to  this  is  two-fold.  First,  to  correct  the  chromatic  aberration ; 
next,  to  provide  means  for  keej)ing  the  focal  length  constant,  whether  look- 
ing at  near  or  at  distant  oljects,  in  order  that  in  both  cases  tlie  rays  refracted 
at  tlie  surface  of  the  cornea  may  be  focussed  on  the  retina.  It  has  been 
calculated  by  Gibers  that  without  this  accommodation,  tlie  difference  in 
focal  lengtli  for  objects  as  near  as  4 in.  from  the  eye,  and  so  far  away  that 
the  rays  miglit  be  considered  parallel,  would  be  only  .f  43  of  an  incb,  and  as 
the  whole  retina  is  only  from  .00()'25  to  .0125  thick,  while  the  length  of  the 
rods  and  cones,  which  are  influenced  by  light,  is  only  one-sixth  of  that,  or 
at  most  .0021  of  an  inch,  it  will  be  seen  that  this  ability  to  accommodate 
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the  eye  to  both  near  and  distant  objects  is  very  important.  It  is  very 
wonderful  that  the  eye  itself  is  so  formed  that  the  limit  of  variation  in  focal 
length  should  be  so  small  as  .143  of  an  inch,  and  that  at  the  same  time  it 
should  contain  within  itself  this  power  of  accommodation. 

Means  of  correcting  the  chromatic  aberration  are  needed,  because  without 
them  the  rays  of  various  colours  would  not  be  coincident  upon  the  retina, 
and  the  images  of  objects  there  formed,  would  have  a blurred  outline. 
Light  rays  of  different  colours  are  bent  or  refracted  to  a different  extent. 
When  a ray  of  white  light,  which  is  a combination  of  the  various  coloured 
rays  of  the  spectrum,  passes  into  a medium  of  different  density  to  that 
through  which  it  has  been  passing,  the  rays  of  different  colours  being 
refracted  to  different  extents,  take  different  paths ; and  the  ray  of  white 
light  is  decomposed  into  its  variously  coloured  constituents,  which  become 
visible  at  different  parts  of  the  screen  on  which  the  ray  falls.  This 
phenomenon  is  termed  chromatic  aberration.  Now  the  material  of  the  eye 
itself  is  not  only  of  low  refractive  power  as  compared  with  glass  or  the 
diamond,  and  consequently  does  not  disperse  the  coloured  rays  to  so  great 
an  extent,  but  the  dispersion,  or  as  it  is  termed  deviation  that  does  occur,  is 
corrected  by  the  combination  of  lenses  formed  of  materials  having  different 
refractive  powers.  The  rays  do  not  deviate  far  through  one  medium  ; a 
different  medium  with  surfaces  of  different  curvatures  collects  them  again  ; 
and  thus  the  eye  is  rendered  practically  achromatic. 

The  angular  difference  of  deviation  between  the  brightest  red  ray  and  the 
brightest  violet  ray  transmitted  by  a prism,  is  called  the  dispersion  of 
the  prism.  If  represent  the  index  of  refraction  for  the  brightest  part  of  the 
spectrum,  when  a prism  is  in  the  position"  of  minimum  deviation — which 
is  the  position  in  which  the  rays  are  less  refracted  from  the  original  path 
than  any  other — and  if  i^,  and  h,  represent  the  indices  of  the  two  coloured 
rays  under  consideration  ; then  for  such  a prism  as  that  repi'esented  in 
Fig.  146  (see  page  178  ante),  the  deviations  would  be  (/^— 1)  I,  — I, 
and  1)  1.  The  difference  of  deviation  between  the  red  and  violet 
rays  would  be  — — 1;  and  the  ratio  between  that 

difference  and  the  deviation  for  the  brightest  part  of  spectrum  would  be 

/x-1 

This  is  called  the  dispersive  power  of  the  substance  of  which  the  prism  is 
made.  The  value  of  this  ratio  is  .033  for  crown  glass,  and  .052  for  flint 
glass. 
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Newton  supposed  this  ratio  the  same  for  all  substances,  and  that 
achromatism  was  impossible.  It  was,  however,  shown  by  Hall,  and  after- 
wards by  Holland,  that  this  opinion  was  erroneous ; and  advantage  is 
taken  of  this  ditference  of  dispersive  power,  to  construct  lenses  for  optical 
instruments.  Achromatic  lenses  usually  consist  of  a diverging  meniscus 
of  flint  glass,  and  a double  convex  lens  of  crown  glass,  fitted  one  into  the 
other.  The  so-called  achromatic  eye-pieces  of  microscopes  and  telescopes, 
however,  are  made  of  two  lenses  of  crown  glass,  having  different  curva- 
tures, and  so  arranged  that  the  one  corrects  the  spherical  and  achromatic 
aberration  of  the  other,  not  by  making  the  red  and  violet  images  coincide, 
but  by  causing  one  to  cover  the  other  at  the  point  where  the  eye  perceives 
the  image.  The  compound  lens  of  the  eye  has,  however,  already  been 
shown  to  be  of  more  complex  structure. 

To  provide  an  optical  instrument  with  means  for  accommodation  to 
different  distances,  the  optician  would  either  vary  the  distance  between  the 
surface  at  which  the  rays  were  refracted,  and  the  screen  on  which  they 
were  focussed,  or  he  Avould  provide  lenses  of  varying  convexity,  or  of 
materials  having  different  refractory  indexes.  Helmholtz,  who  studied  this 
subject  very  fully,  constructed  an  ophthahiieter  with  which  he  could  measure 
alterations  in  the  relative  positions  of  the  images  reflected  from  the  surfaces 
of  the  various  lenticular  media  of  the  eye.  These  measurements  gave  data 
for  calculations,  and  it  is  ascertained  that  there  is  a change  in  the  shape  of 
the  crystalline  lens.  During  accommodation  to  near  objects,  the  curvature 
of  the  cornea  and  of  the  posterior  surface  of  the  crystalline  lens,  remains 
unaltered,  but  the  anterior  suiface  of  the  lens  becomes  more  convex,  and 
approaches  the  cornea.  There  is  l)ut  little  doulff  that  the  power  by  which 
this  change  is  effected,  is  sup})lied  by  the  ciliary  muscle,  which  arises  at  the 
inner  surface  of  the  sclerotic,  close  outside  the  margin  of  the  cornea,  the 
muscular  fibres  passing  to  the  ciliary  processes  in  which  they  are  inserted. 
There  are  also  some  circular  fibres.  When  excited  the  ciliary  muscle  draws 
forward  the  choroid,  and  thus  the  tension  of  the  suspensory  ligament  is 
lessened,  and  the  anterior  surface  of  the  lens,  in  virtue  of  the  elasticity 
inherent  to  the  lens,  assumes  a more  convex  form,  it  being  kej)t  in  tension 
when  the  eye  is  at  rest.  The  ligament,  it  will  be  seen  in  Figs.  144  f^ml  145, 
is  attached  to  the  margin  of  the  anterior  surface,  and,  when  in  tension, 
pulls  it  to  a flatter  form  without  altering  tlie  posterior  sui-face. 

In  every  eye  there  is  a limit  to  the  ])ower  of  accommodation.  If  two 
])inholcs  1)0  made  in  a card,  |\jth  of  an  inch  apart,  and  a small  needle  be 
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viewed  through  tlie  holes,  one  eye  being  closed,  and  the  card  held  close  to 
the  other,  the  needle  can  be 
focussed  up  to  a mode- 
rate distance.  Nearer  than  6 in. 
or  8 in.  two  images  are  seen,  or 

the  image  is  ill  defined.  The  Fig.  isi. 

point  at  which  this  occurs  is  called  the  near  point.  Fig.  151  shows  the  alter- 
ation that  takes  place  in  the  form  and  position  of  the  front  face  of  the  crystal- 
line lens  on  adjustment  for  long  and  short  distances.  The  various  lenses 
are  lettered  as  in  Fig.  149-  Above  the  line  E F the  lens  is  shown  adjusted  for 
distant  objects,  and  the  ray  a h is  focussed  at  c.  A ray  d e from  the  centre  of 
an  object  at  about  4 in.  distance,  is  shown  below  line  E F,  and  is  also  focussed 
at  c.  Rays  coming  from  a point  lying  at  an  angle  with  the  line  of  vision, 
taking  that  line  to  be  a prolongation  of  the  line  E F,  are  focussed  on  the 
retina  at  a point  in  a plane  containing  also  the  line  E F,  and  the  point 
from  which  the  ray  comes.  The  rays  are  focussed  on  the  retina  on  the 
opposite  side  of  the  line  E F to  that  on  which  lies  the  point  from  which  the 
rays  proceed.  In  Fig.  152,  the  eye  is 
represented  looking  at  the  edge  of  a 
rule  held  horizontally  before  it  at  a 
distance  of  4 in.  ; two  rays  are  shown 
coming  from  A ; and,  passing  through 
the  pupil  at  its  opposite  sides,  they 
are  focussed  at  a.  Similarly  two  rays 
from  B are  focussed  at  h.  In  this 
way  an  image  of  the  edge  of  the  rule 
is  formed  along  the  retina.  Two  rays 
are  also  shown  coming  in  the  direction  C from  a point  on  a line  at  an  angle 
of  95°  with  the  axis  D E of  the  eye,  and  they  are  focussed  at  c near  the 
margin  of  the  retina. 

If  the  rule  were  at  a greater  distance  the  image  on  the  retina  would  be 
correspondingly  shorter.  When,  therefore,  it  is  remembered  that  a black  line 
^^th  of  an  inch  wide  can  be  distinctly  seen  upon  a white  ground  at  a 
distance  of  fully  three  feet,  it  will  be  obvious  that  the  width  of  the  image 
of  that  line  upon  the  retina  cannot  be  more  than  gg^oogth  of  an  inch  wide. 
It  is  said  that  brilliantly  illuminated  specks  of  gold  dust  of  half  that  dia- 
meter can  be  distinctly  seen.  How  delicate  then  must  be  the  minute  organs 
which  are  stimulated  to  send  intelligence  to  the  brain  of  the  presence 
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of  such  tiny  images.  The  eye  cannot,  however,  distinguish  between 
two  such  minute  objects,  if  their  images  on  the 
retina  lie  closer  than  w„th  of  an  inch,  and  that 
is  found,  by  microscopical  measurement,  to  be  the 
diameter  of  the  cones  in  the  central  part  of  the 
retina.  Hence,  although  there  is  a consciousness  of 
an  image  which  covers  but  7{\th  the  area  of  a cone, 
unless  two  such  images  lie  upon  different  cones,  the 
eye  does  not  distinguish  between  them.  The  rods 
and  cones  are  .shown  at  H,  Fig.  153,  which  is  a dia- 
grammatical representation  of  a section  of  the 
retina.  A is  a very  delicate  membrane  next  the 
vitreous  humour ; B a layer  of  nerve  fibres  radia- 
ting from  the  optic  nerve,  with  an  outer  layer  of 
ganglion  cells,  lying  in  the  spaces  of  a connective 
tissue  framework  ; C is  a layer  of  connective  tissue, 
traversed  by  very  fine  fibres  from  the  ganglion  cells  ; 

D a layer  of  small  round  nerve  cells  embedded 
in  connective  tissue ; E a layer  of  connective  tissue 
traversed  by  nerve  fibrils  ; F several  strata  of  small  nerve  cells  connected 
by  fibrils  with  the  rods  and  cones  ; G is  a membrane  which  defines  the 
internal  limit  of  the  rods  and  cones,  and  H the  rods  and  cones ; I the  pig- 
ment cells  of  the  choroid  coat  in  which  the  ends  of  the  rods  and  cones 
are  embedded. 

At  the  central  portion  of  the  retina,  all  the  layers  are  much  reduced  in 
thickness,  except  that  of  the  rods  and  cones  which  is  much  thicker  than  else- 
where. The  depression  thus  formed  is  of  a yellow  hue,  and  is  called  the 
yellow  spot.  The  cones  here  are  very  close  together  and  smaller  in  dia- 
meter as  well  as  much  longer,  than  in  other  parts  of  the  retina.  This,  too, 
is  the  most  sensitive  portion  of  the  retina.  Beyond  the  margin  of  the 
yellow  spot,  there  are  sj)aces  between  the  cones,  and  these  spaces  are  filled 
up  with  rods  surrounding  each  cone.  In  the  outer  part  of  the  retina  the 
cones  are  much  fewer  in  number  than  near  the  yellow  spot.  In  the  rod  and 
cone  layer  of  the  retinas  of  birds  there  are  usually  many  more  cones  than 
rods.  In  man,  the  reverse  is  the  case.  In  nocturnal  birds,  liowever,  as  tlie 
owl,  and  in  many  nocturnal  and  burrowing  animals,  as  the  mole,  mouse,  and 
bat,  oidy  rods  are  present.  Fibres  from  the  rods  and  cones  })ass  through 
the  connective  tis.sue  to  the  ganglion  cells,  and  these  iji  turn  are  connected 
with  the  optic  nerve. 
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It  is  not  however  at  the  rods  and  cones  that  the  individual  is  conscious 
of  light,  but  at  the  brain  ; for  where  the  eye  has  been  destroyed  by  acci- 
dent or  disease,  the  sensation  of  light  may  be  produced  by  pinching  or 
otherwise  exciting  the  optic  nerve.  Nevertheless,  that  it  is  the  rods  and 
cones  which  convert  the  light  vibrations  into  a stimulus  to  be  conveyed  to 
the  brain  by  the  nerves,  is  proved  by  the  fact  that  if  in  a dark  room  a candle 
be  moved  to  and  fro  at  the  side  of  and  close  to  the  eye,  while  the  eyes  look 
steadily  forward  into  darkness,  a branching  figure  of  dark  lines  on  a reddish 
ground  is  seen.  As  the  candle  is  moved,  the  figure  moves  in  an  opposite 
direction.  This  branching  figure  is  the  shadow  of  the  retinal  vessels,  which 
have  already  been  shown  to  be  inside  the  rods  and  cones,  cast  upon  the 
retina  by  the  candlelight ; and  it  is  obvious  that  the  elements  of  the  retina 
which  send  the  knowledge  of  the  presence  of  this  shadow  to  the  brain  must 
be  outside  the  vessels. 

Moreover,  just  at  the  point  where  the  optic  nerve  enters  the  eye  is  a . 
circular  space  where  there  are  no  rods  or  cones,  and  from  this  portion  of  the 
retina  there  is  no  sensation  of  light.  This  may  be  proved  by  marking  upon 
a card  a small  cross  3 in.  distant  from  a circular  spot  x^th  of  an  inch  in 
diameter.  Hold  the  card  about  15  in.  from  the  eye  and  look  steadily  at  the 
cross,  the  spot  being  towards  the  outer  side.  The  spot  will  be  plainly  seen, 
but  when  the  card  is  moved  to  1 1 in.  or  12  in.  from  the  eye  the  spot  is 
invisible,  but  is  again  seen  when  the  card  is  brought  to  7 in.  or  8 in.  from  the 
eye.  This  clearly  proves  that  while  the  image  of  the  spot  was  traversing 
the  point  of  entrance  of  the  optic  nerve,  the  brain  was  not  rendered  con- 
scious of  the  presence  of  that  image.  This  portion  of  the  retina  is  called  the 
blind  spot. 

The  eye,  therefore,  may  be  compared  to  a camera,  the  iris  acting  as  a 
diaphragm  to  prevent  spherical  aberration  by  obstructing  the  passage  of  all 
marginal  rays  from  an  object  in  front  of  the  eye  which  it  is  desired  to 
examine  closely.  Distinctness  of  vision  is  best  obtained  when  abundant 
light  falls  upon  the  object  viewed,  when  the  object  is  held  as  near  the  eye 
as  accommodation  will  allow,  and  when  the  marginal  rays  are  cut  off  by 
contraction  of  the  pupil.  It  is  further  secured  by  the  interior  of  the  eye 
being  coated  with  black  pigment  cells,  which  absorb  the  rays  and  prevent 
internal  reflection.  Achromatism  is  secured  by  a system  of  compound 
lenses  varying  in  refractive  power ; while  accommodation  to  near  and 
distant  objects  is  provided  for  by  the  crystalline  lens  being  capable  of  altera- 
tion in  form  and  position. 

In  estimating  the  brightness  of  a luminous  surface  which  is  not  large 
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enough  to  fill  the  retina,  it  is  necessary  to  distinguish  between  effective 
brightness  and  intrinsic  brightness.  The  latter  exceeds  the  former  in  the 
same  ratio  as  the  area  of  the  pupil  exceeds  the  area  of  the  beam  passing 
through  it.  When  a beam  of  light  fills  the  area  of  the  pupil  the  effective 
brightness  equals  the  intrinsic  brightness. 

Intrinsic  brightness  may  be  thus  measured : If  A be  the  area  of  the 
pupil,  and  a that  of  a small  surface  directly  opposite  the  pupil,  and  per- 
pendicular to  the  line  of  vision ; and  if  d be  the  distance  between  A and  a, 
then  the  quantity  of  light  Q passing  in  unit  time  from  a to  A,  varies  jointly 
as  the  area  A,  the  apj^arent  area  of  a (which,  as  it  will  vary  as  the  square  of 

the  distance,  may  be  expressed  ^ h and  the  intrinsic  brightness  I.  Thus 

r\  A T T 

If  w represent  the  solid  angle  of  light  subtended  by  the  pupil  from  the 

A 

central  point  of  the  surface  a,  u will  vary  as  then  Q = « I w,  therefore 

I=~.  This  is  the  reason  why,  if  no  light  be  stopped  by  the  air  or  other 

medium  intervening  between  the  surfaces  and  the  eye,  surfaces  of  equal 
brightness  appear  equally  bright  at  all  distances  ; for  the  area  of  the  image 
formed  on  the  retina  varies  with  the  square  of  the  distance,  as  also  does 
the  quantity  of  light  from  each  point  of  the  surface,  as  already  shown. 
Therefore,  as  the  distance  increases,  a larger  portion  of  luminous  surface 
is  focussed  on  the  same  area  of  the  retina,  in  exactly  the  same  proportion 
as  the  quantity  of  light  from  each  luminous  point  of  the  surface  is  decreased. 
Hence  in  photometrical  measurements  the  rays  from  lights  to  be  compared 
are  generally  received  upon  a screen  or  screens  ; for  then  the  eye  sees 
simply  the  effect  of  the  lights  upon  the  screens.  The  images  of  the  lights 
are  not  formed  on  the  retina,  but  images  of  the  screens,  u})on  which  by 
various  arrangements  the  lights  are  made  to  give  effects  of  ai)parently  equal 
value.  It  is  very  difficult  to  estimate  fractional  differences  of  illumination. 
To  discern  the  difference  of  illumination  between  one  candle  and  two 
candles,  at  equal  distances  fi'om  a screen,  is  easy,  hut  as  lesser  differences 
occur,  the  eye  is  a less  accurate  measure,  and  it  is  hard  to  distinguish  much 
difference  between  the  illumination  afforded  by  nine  candles  and  by  ten, 
at  equal  distances  from  a screen.  It  is,  however,  said  that  a difference  in 
intensity  of  light  or  shadow  of  only  one-sixtieth  is  pei’ceived,  if  the  lields  of 
light  and  shade  are  each  uniform,  and  if  they  arc  very  near  together.  It 
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must  bo  rememborod  that  the  question  is  not  one  of  affecting  more  rods 
and  cones,  but  of  discerning  the  differences  of  tlio  physiological  effects 
produced  upon  the  same  number  of  rods  and  cones  by  nine  candles  and 
by  ten.  The  point  is  analogous  to  judging  the  difference  in  weights.  One 
can  readily  perceive  the  difference  between  the  heaviness  of  two  articles 
weighing  respectively  two  pounds  and  four  pounds,  but  it  would  be  difficult, 
if  not  impossible,  to  tell,  by  balancing  in  the  hand,  whether  an  article 
weighed  3.6  lb.  or  4 lb.  For  this  reason  one  cannot  help  coming  to  th^- 
conclusion  that  attempts  to  directly  compare  lights  of  very  great  different 
of  intensity,  are  likely  to  lead  to  error.  Even  with  the  steelyard  ..no 
attempt  is  made  to  weigh  grains  and  tons  with  the  same  lever  and  weig^. 
The  most  perfect  photometric  measurements  will  be  made,  when  lights 
from  nearly  equal  intensities  to  those  whose  intensities  are  about  as  1 : 4 are 
directly  compared.  Hence  as  lights  are  of  very  great  difference  of  intensity 
it  follows  that  there  should  be  a series  of  light  measures,  multiples  of  some 
universally  recognised  standard  unit,  just  as  there  are  standard  measures  of 
weight,  length,  and  cajjacity,  suitable  for  measuring  tons  or  grains,  chains 
or  hundredths  of  an  inch,  gallons  or  minims. 

Light  rays  are  accompanied  by  heat  rays  and  by  chemical  rays,  and  it 
is  found  that  the  heat  rays  are  less  refrangible  than  the  light  rays,  while 
the  chemical  rays  are  more  refrangible.  Fig.  154  gives  the  intensity  curves 


Fig.  154. 

of  light  and  heat.  The  chemical  rays  have  their  maximum  effect  in  that 
part  of  the  spectrum  in  which  the  violet  rays  are  situated,  and  extend  beyond 
the  visible  spectrum  to  a distance  of  about  two-thirds  its  length  ; all  the 
chemical  rays  being  more  refrangible  than  the  rays  of  the  brightest  part  of 
the  visible  spectrum.  The  extent  of  their  blackening  power  varies  with 
different  substances.  The  line  showing  the  blackening  effect  upon  bromide 
of  silver  must  not  be  taken  as  an  intensity  curve,  it  simply  shows  the  length 
and  position  of  the  blackened  part  as  compared  with  the  visible  spectrum, 
the  point  of  maximum  effect,  and  the  somewhat  rapid  shading  off'  at  both 
ends.  Some  other  substances  are  blackened  more  towards  the  orange  and 
more  beyond  the  violet.  The  heat  curve  shows  the  extent  to  which  the 
heat  rays  are  refracted,  as  comjiared  with  the  same  visible  spectrum, 
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It  has  already  been  noticed  that  coloured  rays  being  difterently  re- 
fracted, refraction  is  largely  prevented  in  the  eye.  Still,  the  eye  is  not 
equally  aftected  by  light  of  all  colours  ; and  it  has  been  ascertained  that 
the  area  of  the  retina  capable  of  being  impressed  by  any  particular  colour, 
differs  slightly  for  the  various  colours.  One  observer  may  also  think  an 
object  to  be  of  one  shade  of  colour,  while  another  will  pronounce  it 
of  a different  shade,  although  the  eyes  of  both  are  equally  sensitive  to 
colour. 

It  is  generally  agreed  that  there  are  three  distinct  physiological  actions 
developed  in  the  retina,  which,  variously  combined,  give  various  colour  sensa- 
tions ; and  that  each  of  the  three  is  excited  to  its  maximum  by  a light 
of  a particular  wave  length,  and  affected  only  to  a slight  degree  by  light  of 
other  wave  lengths.  One  of  these  sensations  is  considered  to  be  best  excited 
by  the  green,  another  by  the  deepest  red,  and  the  third  by  the  violet. 
Helmholtz  suggests  that  different  nerve  fibrils  go  to  different  strata  in  the 
length  of  the  rods  and  cones,  and  that  the  coloured  rays,  being  variously 
refracted,  are  focussed  at  these  different  depths  in  the  retina. 

It  will  thus  be  seen  that  it  is  difficult  for  the  eye  to  accui'ately  conqiare 
the  intensity  of  lights  of  different  colours.  Spectro-photometry  is  probably 
the  best  method  of  comjjaring  such  lights. 

In  conclusion,  it  may  be  observed  that  considering  these  circumstances, 
and  that  heat  rays  are  of  one  seiies  of  wave  lengths,  the  various  visible  rays 
of  another  series,  and  the  chemical  rays  of  anotlier,  the  retina  can  hardly 
be  sensible  to  many  of  the  chemical  rays  or  heat  rays  ; for,  owing  to  the 
difference  of  refrangibility,  most  of  the  chemical  rays  would  be  focussed  in 
front  of  the  retina,  while  such  of  the  heat  rays  as  were  not  absorbed  by  the 
media  of  the  eye,  would  be  focussed  beyond  it.  For  these  reasons,  in  com- 
paring the  illuminating  effect  of  lights  by  chemical  ])hotometry,  the  chemical 
effects  produced  would  not  be  a measure  of  the  illuminating  effects,  unless 
it  could  l)e  shown  that  both  varied  in  the  same  ratios.  It  is  not  known 
what  is  the  nature  of  the  action  upon  the  retina  which  gives  rise  to  the 
sensations  by  which  the  mind  becomes  conscious  of  objects  through  the 
sense  of  vision.  It  is  but  a theory  that  variations  in  the  temperature  of 
any  body  are  accompanied  by  variations  in  the  rate  of  a sup|)osed  motion 
of  the  molecules  of  bodies,  and  that  radiation  is  the  imparting  of  the  various 
motions  of  those  molecules  to  a siq)posed  impalpahle  mther  pervading  all 
things  and  all  space,  giving  rise  to  a series  of  undidations  in  that  mtlier,  the 
undulations  becomino-  mixed  with  those  from  other  bodies  of  different  teni- 
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pcrature,  tending  to  produce  a uniforin  series  of  undulations  and  uniform 
temperature.  This  wave  theory  is  ado})ted  for  heat,  for  light,  and  for 
certain  chemical  effects  accompanying  radiation.  Various  phenomena  sup- 
port this  theory  ; but  refraction  plainly  shows  that  the  undulations  which 
give  the  sensation  of  heat,  of  light,  and  of  chemical  action,  differ  from  each 
other  in  a somewhat  similar  way  to  that  in  which  the  undulations  which, 
acting  upon  the  retina,  cause  the  sensation  of  the  presence  of  a red  light, 
differ  from  those  which  indicate  violet  light.  It  has  been  mentioned  that 
light  rays  are  eapable  of  different  degrees  of  refraction,  the  red  being  least 
refracted,  and  the  violet  most  so.  Fig.  154  also  shows  that  the  rays  of 
greatest  intensity  of  light  are  refraeted  to  a position  in  the  spectrum  inter- 
mediate between  the  points  to  which  the  heat  rays  and  the  ehemical  rays 
are  respeetively  refracted.  A system  of  measurement  of  what  is  termed  the 
wave  lengths  of  the  various  coloured  rays,  has  been  based  upon  the  pheno- 
menon styled  diffraction,  which  is  a modification  that  light  undergoes  when 
it  passes  through  a small  opening,  or  by  the  edge  of  a body.  If  a very 
small  pencil  of  light  be  allowed  to  enter  a dark  room  through  red  glass  and 
be  received  upon  a condensing  lens  of  short  focal  length,  a luminous  cone  of 
rays  passes  from  the  lens,  and  may  be  caused  to  illuminate  a screen.  If, 
then,  the  sharp  edge  of  an  opaque  screen,  as,  for  instance,  a knife-blade,  be 
caused  to  intercept  one-half  of  the  eone  of  rays,  that  part  of  the  screen 
which  it  might  be  supposed  would  be  left  uniformly  illuminated,  will  exhibit 
a series  of  alternate  light  and  dark  bands,  gradually  fading  one  into  the 
other,  from  the  respective  points  of  maximum  and  minimum  intensity.  All 
the  eolours  of  the  spectrum  give  rise  to  similar  bands  ; but,  using  the  same 
apparatus,  and  simply  ehanging  the  coloured  glass,  it  will  be  found  that  the 
fringes  are  broader  in  proportion  as  the  less  refrangible  rays  are  experi- 
mented with.  Taking  the  same  number  of  bands  respectively  in  the  fringes 
of  red,  green,  and  blue  light,  the  widths  of  the  fringes  are  about  27  : 20  : 17. 
The  wave  length  is  determined  by  a calculation  based  upon  half  the  distance 
between  the  centres  of  the  first  pair  of  dark  bands,  the  distance  of  the  screen 
from  the  edges  causing  diffraction,  a narrow  slit,  or  a series  of  slits  termed 
a grating,  being  used  in  preference  to  a single  knife  edge,  and  upon  the 
width  of  the  said  slit  or  slits.  The  following  wave  lengths  are  given  by 
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It  has  also  been  calculated,  by  dividing  the  velocity  of  light  by  the 
above  wave  lengths,  that  the  number  of  oscillations  per  second  corresponding 
to  the  bright  red  light  of  line  B,  is  434,420,000,000,000  per  second,  and  to 
the  violet  758,840,000,000,000.  It  will,  of  course,  be  understood  that  the 
undulations  of  light  are  supposed  to  be  a regular  series  of  states  of  con- 
densation and  rarefaction  of  the  aether  through  which  a ray  passes,  just  as 
sound  waves  are  such  states  of  the  air.  They  are  not  oscillations  to  and 
from  the  direct  central  line  of  the  ray.  Supposing  the  analogy  to  hold  good 
for  heat  rays  and  for  chemical  rays,  the  following  result  is  obtained  : With 
undulations  of  a certain  length  the  greatest  intensity  of  radiant  heat  is  pro- 
duced ; the  presence  of  undulations  of  a greater  length  is  unaccompanied  by 
a corresponding  increase  of  heat,  but  rapidly  increases  the  intensity  of  light 
up  to  undulations  of  a certain  length,  beyond  which  the  presence  of  undula- 
tions of  greater  length  does  not  produce  a corresponding  increase  of  either 
heat  or  light,  but  the  effect  of  such  radiant  undulations  is  to  produce  certain 
chemical  results.  Thus,  when  heat  is  radiated  there  may  be  undulations 
between  certain  limits  of  length.  When  light  is  radiated,  the  undulations 
are  between  certain  other  limits  of  length.  And  when  chemical  power 
is  radiated  the  undulations  are  between  certain  other  limits  of  leimth. 
Not  only  are  the  undulations,  which  give  rise  to  the  sensation,  of  a peculiar 
colour,  separated  from  the  rest  of  the  light  rays,  but  it  is  quite  possible  for 
undulations,  which  cause  the  sensation  of  light,  to  occur  without  the  presence 
of  those  giving  heat  or  chemical  actions.  Even  when  all  three  classes  occur 
together,  they  can  be  se})arated  by  various  processes ; and  the  eye  is  not 
affected  differently  as  regards  the  visual  rays,  whether  they  be  accompanied 
l>y  chemical  rays  or  heat  rays,  or  both.  The  white  light  from  snow  is  pain- 
fully brilliant  to  the  eye,  while  a piece  of  black-hot  iron  sends  hardly  any 
light  rays  to  tho  retina,  and  is  visible  chiefly  by  comparison  with  the  surface 
on  which  it  lies,  just  as  a hole  is  seen.  Still,  the  black-hot  iron  would  send 
many  more  heat  I'ays  to  the  eye,  than  the  snow.  Consequently  as  intensity 
of  heat  is  no  measure  of  intensity  of  liglit,  it  may  be  doubted  whetlier 
intensity  of  chemical  effect  can  be. 
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N an  electric  light  installation  on  a practical  scale,  energy  is  exhibited 
under  three  principal  and  very  different  forms — electricity,  light,  and 
mechanical  power.  The  measurement  of  the  former  two  has  fur- 
nished the  subjects  of  the  preceding  chapters,  and  now  we  come  to  consider 
how  the  work  given  off*  by  a motor,  or  absorbed  by  a machine,  is  to  be  esti- 
mated, in  order  that  the  loss  involved  in  the  change  from  one  mode  of  motion 
to  another  may  be  determined.  In  the  following  pages  will  be  found  an 
account,  which  we  believe  to  be  fairly  complete,  of  all  the  dynamometers 
which  have  had  a useful  existence,  and  of  some  which  have  fallen  short 
of  this.  The  number  and  variety  of  the  designs  testify  to  the  difficulty  of 
the  subject  to  which  they  apply,  and  to  the  real  need  which  they  were 
intended  to  fulfil,  while  the  scarcity  of  the  instruments  themselves  in 
the  workshops  of  engineers  and  manufacturers,  is  significant  evidence 
of  the  difficulty  of  using  them,  or  of  their  untrustworthiness.  Since  the 
commencement  of  the  present  electric  lighting  era,  greatly  increased  atten- 
tion has  been  paid  to  the  subject  of  power  measurement,  and  we  now  seem 
to  be  within  a measurable  distance  of  obtaining  a dynamometer  which  shall 
be  easy  to  manipulate  and  be  worthy  of  credence. 

Dynamometers  ■ are  of  two  main  classes,  first,  those  which  absorb,  in 
friction,  the  whole  power  of  a motor,  of  which  the  Prony  brake  is  the 
characteristic  example,  and,  second,  those  which  receive  power  from  a motor 
and  transmit  it  to  a machine,  measuring  it  as  it  passes  through  them  : and 
it  is  in  this  order  that  we  will  consider  them. 

Prony. — As  long  ago  as  1821,  Piobert  and  Fardy  applied  a brake 
as  a dynamometer  to  determine  the  power  of  water-wheels ; but  M. 
Prony  was  the  first  to  employ  a brake  to  estimate  the  power  transmitted 
by  steam.  It  had  been  demonstrated  that  friction  had  a uniform  re- 
sisting power  that  might  be  intensified  by  pressure.  Prony  contrived 
a brake  to  apply  this  retarding  power  to  revolving  shafts,  to  obtain  a 

* The  greater  portion  of  this  section  is  due  to  M.  Gustave  Richard,  who  published  a series  of  admirable 
articles  on  the  subject  in  La  Lumitre  E.ectrique. 
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required  uniform  velocity,  so  that  the  power  applied  by,  or  conserved  in,  a 
machine,  might  be  measured.  Prony’s  brake,  in  its  simplest  form,  consisted 
of  a rotating  horizontal  shaft  grasped  between  a pair  of  wooden  jaws  or 
blocks,  pressed  together  by  bolts,  whose  tension  could  be  easily  adjusted. 
One  of  these  blocks  was  lengthened  to  form  a lever,  and  carried  at  its 
further  end  a scale  pan  for  the  reception  of  weights.  The  method  of  using 
this  brake  was  as  follows  : Supposing  the  shaft  to  be  revolving  uniformly, 
and  driving  certain  machinery,  its  speed  was  noted,  and  then  the  machinery 
was  disconnected,  and  the  brake  fixed  on  the  shaft.  The  lever  was  held 
between  fixed  stops,  which  allowed  it  a certain  amount  of  play,  and  the 
bolts  were  tightened  until  the  speed  of  the  shaft  was  the  same  as  when 
driving  the  machinery.  At  this  time  the  lever  would  be  pressing  hard 
against  one  of  the  stops,  the  scale  pan  being  empty.  Weights  were  then 
added  until  the  lever  descended — leaving  the  upper  stop — and  assumed  a 
position  of  equilibrium  between  the  two  stops,  when  the  weights  in  the  pan, 
together  with  the  effective  weight  of  the  lever,  represented  the  load.  The 
latter  quantity  was  found,  once  for  all,  by  substituting  a knife  edge  for  the 
shaft,  and  suspending  the  other  end  of  the  lever  from  a spring  balance. 

The  jaws  were  not  always  apjdied  directly  to  the  shaft,  but  a drum  of 
cast-iron  was  fixed  upon  it  by  screws  or  keys,  and  acted  as  a brake  pulley. 
In  any  case  the  power  in  foot-pounds  per  minute  was  equal  to 

2 7T  R L V, 

where  R is  the  length  of  the  lever,  measured  from  the  centre  of  the  shaft, 
L the  load,  and  V the  revolutions  per  minute. 

Kretz. — One  of  the  first  improvements  introduced  into  the  Prony  brake 


Fig.  155. 

was  that  by  M.  Kretz  (Pig.  155) ; it  consisted  in  largely  increasing  the  dia- 


Easton  and  Anderson’s  Brahe. 


195 


meter  of  the  pulley,  thereby  reducing  the  pressure  of  the  band  per  unit  of 
surface  in  contact,  and  rendering  the  brake  more  accurate  and  more  easily 
fixed,  and  in  arranging  it  so  that  the  centre  of  gravity  of  the  brake  proper 
fell  within  the  axis  of  the  drum,  and  consequently  the  sensitiveness  of  the 
brake  was  independent  of  its  weight. 

Easton  and  Anderson. — Figs.  156  and  157  illustrate  the  brake  con- 


structed by  Messrs,  Easton  and  Anderson,  especially  for  engine  tests  at  the 
Vienna  Exhibition  of  1873,  but  which,  we  believe,  was  never  used  for  that 
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purpose  ; many  modifications  of  this  arrangement  have  been  introduced  in 
more  recent  dynamometers.  As  will  be  seen,  the  shaft  on  which  the  brake 
drums  are  mounted  can  be  raised  or  lowered,  by  means  of  the  screw  and  hand- 
wheels  V,  to  accommodate  the  apparatus  to  the  various  heights  of  the  machines 
which  it  is  desired  to  test.  The  dynamometer  is  also  fitted  with  Appoldt’s 
automatic  retjulator,  which  consists  in  articulatino^  the  ends  of  the  brake 
straps  at  the  points  c and  d to  the  ends  of  a lever,  free  to  turn  around  the 
axis  0.  The  effect  of  these  so-called  differential  levers  is  to  relieve  the 
brakes  if  the  weight  is  raised  by  any  increase  in  the  coefficient  of  friction, 
and,  on  the  other  hand,  to  draw  the  bands  tighter  if  they  commence  to  slip. 
By  this  arrangement,  the  brake  is  made  self-regulating  for  a certain  range 
in  the  coefficient  of  friction,  to  a constant  resistance,  and  the  weighted 
lever  is  kept  in  a horizontal  position. 

Emery. — In  the  arrangement  proposed  by  Mr.  Emery,  of  New  York 
(see  Fig.  158),  the  ends  of  the  band  of  the  brake  are  articulated  at  h and  c to 
the  lever  L,  connected  either  to  the  balance  S,  or  to  the  system  a M W 
for  transmitting  movement.  In  the  former  case 
the  weight  W is  balanced  by  the  friction  F of  the 
brake,  and  the  traction  a of  the  sjming  S.  If  the 
friction  F increases,  L is  drawn  towards  S,  the  ten- 
sion a of  which  decreases  ; the  reverse  of  this  takes 
place  if  the  friction  diminishes,  in  such  a way  that 
there  is  always  a balance  between  the  weight  W 
and  the  action  F + a.  In  the  second  arrangement  Fig.  iss. 

the  force  a acts  automatically  on  W by  the  lever  M.  For  exaiii})le,  if  wo 
call  ah  c the  forces  acting  at  their  point,  and  F the  friction  necessary  to 
balance  iv,  we  have  at  each  instant  the  relation,  F = w + c — b,  h = a + c ] 
whence  F = — a. 

Bi  'auer. — In  this  arrangement  (see  Fig.  159)  the  oscillations  of  the  index 
H,  are  limited  by  the  action  of  the  cord  F,  attached  to  one  of  the  guides  G 
of  the  brake  band.  The  friction  of  this  band,  once  regulated  by  the  screw 
D,  is  maintained  constant  automatically  by  means  of  the  crank  C turning  in 
a loop  of  the  cord  L,  in  such  a way  as  to  tend  to  tighten  or  slacken  A, 
according^  to  whether  the  weight  P rises  or  falls. 

Amos. — The  arrangement  of  compensating  levers  in  the  Amos  brake 
(see  Fig.  160),  is  similar  to  the  Ap})oldt  regulator  ; the  rim  of  the  brake 

wheel  is  channelled  i i,  and  the  cold  water  introduced  to  absorb  the  heat 

arising  from  friction  is  fed  in  at  the  bottom  of  the  rim,  in  which  it  is 
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retained,  by  centrifugal  action,  until  it  escapes  through  a discharge  pipe, 
whose  mouth  is  curved  to  dip  into  the  channel. 

Imray. — Here  the  axis  B of  the  brake  (see  Fig.  161)  carries  a balanced 
lever  C,  one  of  the  ends  of  which  terminates  by  a sector  D of  the  same 
diameter  as  the  pulley  A.  The  part  F W of  the  brake  band  bears  on  this 


Fig.  160. 

sector.  When  the  friction  increases  the  sector  D rises,  and  the  surface  of  the 
brake  band  in  contact  diminishes  in  proportion,  the  length  E P increasing  ; 
the  reverse  takes  place  if  the  friction  diminishes,  when  W falls  ; in  a word 
the  angle  a of  the  brake  band  varies  every  instant,  in  an  inverse  direction 
to  the  coefficient  of  friction  f,  in  such  a way  as  to  maintain  the  local 
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friction  of  the  band  always  equal  to  the  difference  between  the  weights 
W and  P. 


Fig.  161. 

Marcel  Deprez. — In  this  machine  (see  Pig.  162)  the  shaft  A,  the  work 
of  which  is  to  be  measured,  carries  a pulley  B,  embraced  by  the  jaws  C, 
of  the  lever  D F E,  turning  upon  centres  fixed  to  the  sleeve  H G,  and  com- 
pressed by  the  weight  p>,  the  cord  of  which, 
attached  to  F,  passes  through  the  centre 
of  A.  The  counterweight  H balances  the 
system  of  levers,  in  such  a way  that  only 
the  action  of  the  weight  P tends  to  turn 
the  piece  G around  the  pulley  B,  drawing 
with  it  the  system  of  levers,  in  spite  of 
the  friction  of  the  jaws  C.  The  mean 
balance  once  established,  if  the  friction 
increases,  the  lever  F inclines  in  the 
direction  of  the  weight  p>,  the  action  of 
which  diminishes,  as  well  as  the  grip  of 
the  jaws  C,  in  such  a way  as  to  establish 
automatically  the  equilibrium  between  their  friction,  and  the  action  of 
the  dynamometric  weight  P.  It  is  sufficient  to  insure  the  working  of  the 
apparatus,  to  give  to  p>  such  a value  that  its  action  may  be  at  first  somewhat 
superior  to  that  of  the  weight  P. 

Bramicell. — We  may  notice  here  (see  Fig.  163)  u very  con- 
venient arrangement,  suggested  by  Sir  F.  K.  Bramwell,  for 
measuring  small  powers.  The  band  or  cord  of  the  brake  wheel 
a is  connected  to  a spring  c,  the  tension  of  wliich  increases  or 
diminishes  as  the  weight  h rises  or  falls.  It  results  from  this  Fig.  I63. 


Fig.  162. 
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that  the  variations  of  the  differences  h — c make  the  friction  of  the  brake 
constant,  whatever  the  variation  of  the  coefficient  of  friction  may  be,  in  the 
same  way  as  the  variation  of  the  angle,  or  band  surface  in  contact,  in  some 
of  the  preceding  apparatus. 

Cav'pentier. — The  so-called  funicular  brake  of  M.  Carpentier  is  illus- 
trated in  Figs.  164  and  165-  On  an  extension  of  the  shaft  of  the  motor  that 
is  to  be  tested  are  two  pulleys  of  the  same  diameter  ; one  of  these,  A,  is 
fixed,  and  the  other,  B,  is  loose.  From  a hook  on  the  latter  is  a cord  which 
is  rolled  round  the  fixed  pulley,  and  carries,  at  its  free  end,  a weight  p.  A 
second  cord,  attached  to  the  same  hook,  passes  round  the  loose  pulley,  and 
terminates  in  a heavier  weight  P.  The  fixed  pulley,  turning  with  the  shaft 


in  the  direction  of  the  arrow,  sets 
up,  between  itself  and  the  cord 
to  which  the  weight  p>  is  hung,  a 
certain  friction,  which  tends  to 
turn  the  loose  pulley  and  raise 
the  weight  P.  If  the  friction  in- 
creases, the  weight  P continues  to 
be  raised,  but  at  the  same  time  the 
length  of  circumference  in  contact 
with  the  cord  is  reduced ; if  the 
friction  is  diminished,  the  weight 
P falls,  but  at  the  same  time  the 
length  of  circumference  in  contact 
with  the  cord  p is  increased.  In 
this  way  a varying  compensation 
is  established,  in  such  a way  that 


Fig.  164, 


Fig.  165. 


the  power  exerted  is  always  equal  to  B—p)\  and  to  ascertain  the  work 
T all  that  is  necessary  is  to  measure  the  number  of  revolutions  of  the 
shaft  during  a unit  of  time.  The  formula  for  the  work  per  second  is 


rp  7T  d 

60 


-p>)  • n representing  the  number  of  revolutions  per  minute. 


This  brake  is  especially  adapted  for  very  small  powers,  and  a modification 
of  the  arrangement,  rendering  it  ajjplicable  on  a larger  scale,  has  been  worked 
out  by  M.  Raffard,  under  the  name  of  the  Dynamometric  Balance.  This 
modification  is  shown  in  Fig.  166-  The  aj^paratus  is  not  on  the  shaft  of  the 
machine  to  be  tested,  but  is  mounted  on  a separate  frame,  the  spindle 
carrying  the  pulleys  having  another  pulley  for  connection  by  a strap  to  the 
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machine.  There  are  three  pulleys  altogether,  the  two  outer  ones,  D D', 
being  loose,  and  the  centre  one,  D",  fast  on  the  shaft.  A bar  B,  bent  twice  at 
right  angles,  and  forked  at  both  ends,  is  supported  on  the  spindle  by  these 


Fig.  166. 

forks.  The  bar  is  balanced  by  a weight  placed  at  the  end,  as  shown,  and  to 
it  are  attached  the  steel  ribbons  R R R".  The  middle  one  of  these,  R', 
passes  over  the  fixed  pulley,  and  carries  at  its  lower  end  the  weight  p.  The 
two  other  ribbons  pass  under  the  loose  pulleys,  and  are  attached  to  one 
end  of  a scale  beam  carried  by  a vertical  support  forming  a part  of  the 
frame.  At  the  other  end  of  this  beam  is  an  iron  rod  loaded  with  a weight 
P,  heavier  than  the  weight  When  the  apparatus,  arranged  as  shown 
in  the  figure,  revolves  in  a direction  opposite  to  the  hands  of  a watch, 
the  length  of  circumference  in  contact  with  the  i‘ibhons  R R^  varies  as  the 

o 

friction  of  the  ribbon  R"  increases  or  decreases,  and  compensation  is  thus 
established  exactly  as  in  the  Carpentier  brake.  The  work  to  be  measured 
can  be  ascertained  by  the  foregoing  formula,  to  simplify  which,  the  circum- 
ference of  the  pulleys  is  made  exactly  one  metre,  so  that  T = ^(P— 

It  is  sufficient,  therefore,  to  measure  the  number  of  revolutions  by  a counter 
and  to  multiply  the  speed  by  the  difference  between  P and  p.  In  order  to 
maintain  constant  the  friction  between  the  })ulleys  and  the  ribbons,  both  are 
immersed  in  a zinc  trough  filled  with  water.  Tliis  apparatus  ap}>ears  to  bo 
useful  for  measurements  up  to  three  horse-power. 
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Thiabaud. — The  Prony  brake  has  received  several  improvements  de- 


signed to  effect  the  cooling  of  the  pulley 
by  a constant  circulation  of  water.  In  the 
brake  of  M.  Thiabaud  (Fig.  167)  water 
enters  at  A and,  after  traversing  the 
passages  a,  B and  e,  escapes  at  C;  the 
brake  pulley  is  fixed  upon  the  driving 
shaft  by  the  apparatus  M M,  and  the 
brake  D is  held  upon  the  pulley  by  the 
screws  G.  M.  Thiabaud  is  able  to  mea- 
sure from  20  to  250  horse-power  by  his 
brake. 


Fig.  167. 


Weijher  and  Richmond. — MM.  Weyher  and  Kichmond  enclose  the  brake 
pulley  between  two  plates  of  iron,  and  in  the  drum  thus  formed  they  pro- 
duce a circulation  of  water  following  the  course  1 1' t",  Fig.  168-  The  weights 


as  to  render  the  length  of  the  lever  arm  sensibly  constant  in  spite  of  its 
oscillation. 

Fdu  and  Deliege. — The  compensating  mechanism  for  the  dynamometer 


brake  employed  by  the  firm  of  Felu  and  Deliege  is  one  of  the  simplest.  The 
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rollers  (f  (Fig.  169),  whose  axes  are  connected  to  the  ground  by  the  rods  t, 
roll  upon  the  guides  y,  fixed  on  the  brake  lever,  and  are  formed  of  such  a 
curvature  that  the  link  h extends  upon  an  increase  of  friction,  and  contracts 
if  the  friction  should  decrease. 

Raffard. — M.  Raffard  has  proposed  to  neutralise  the  variations  of  the 
coefficient  of  friction  of  the  strap  of  the  brake  by  fixing  upon  it  the  armature 
of  an  electro-magnet,  the  current  of  which  varies,  in  an  inverse  sense,  to  the 
variation  of  the  coefficient.  In  Fig.  170 
E represents  the  electro-magnet ; it  is 
traversed  by  a current  from  a battery  s, 
which  also  passes  through  the  liquid 
interposed  between  the  plate  and  the 
disc  on  the  end  of  the  rod  H.  When  the 
friction  decreases  the  brake  falls,  the  disc  Fig.  i70. 

H approaches  the  plate  P,  the  resistance  H P diminishes,  and  the  armature 
attaches  itself  more  strongly  to  the  pulley.  The  inverse  takes  place 
when  the  friction  increases.  The  brake  is  also  provided  with  an  automatic 
compensating  tightening  apparatus  P i.  When  the  brake  falls  suddenly 
the  resistance  of  the  dash-pot  K tightens  the  brake  slightly,  and  when  the 
lever  rises  it  slackens  it.  The  circulation  of  water  takes  place  in  the  pas- 
sages 1,  2,  3,  4. 

Emerson. — Emerson’s  dynamometer,  which  is  specially  designed  for  the 
trial  of  turbines,  is  composed  of  a Prony  brake  (Fig.  171),  with  a bronze  band. 


Fig.  171. 

furnished  with  arrangements  for  the  circulation  of  water,  and  acting  almost 
directly  upon  the  dynamometer  lever.  This  lever  carries,  at  one  of  its 
extremities,  a weight  rod  C,  and  is  connected  at  its  other  end  with  a dash- 
pot  D,  whose  piston  is  provided  with  screw  holes  tliat  can  be  more  or  less 
opened  according  to  the  degree  of  sensibility  re(|uired.  The  pulley  P is 
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mounted  directly  upon  the  turbine  shaft,  and  carries  a counter.  The  brake 
band  is  tightened  by  a handwheel  V,  with  a universal  joint,  so  arranged 
that  it  can  slide  upon  the  axis  in  such  wise,  that,  when  it  is  being  acted 
upon,  no  resistance  is  offered  to  the  drawing  up  of  the  brake. 

In  addition  to  the  dynamometers  we  have  already  noticed  in  this 
class,  there  remains  one  nearly  related  to  them  which  presents  features 
of  originality  that  are  peculiar  to  itself.  This  is  Froude’s  inertia  dyna- 
mometer. 

Froudes  Inertia,  Dijnamometer.  — The  apparatus  consists  of  a cast- 
iron  casing,  containing  two  gun-metal  dishes  forming  two  circular  channels 
marked  AAA  A in  Fig.  173-  Identical  gun-metal  dishes  are  fixed  to  an 
internal  cast-iron  disc  keyed  to  the  shaft  B B,  which  goes  right  through  the 
casing.  Blades,  radial  as  to  their  edges,  but  inclined  as  to  their  planes,  are 


Fig.  175. 

fixed  in  the  channels.  For  convenience  in  our  description,  the  internal  disc 
will  be  called  the  fan. 

The  channels  with  their  blades,  if  developed  in  the  line  of  the  circular 
axis  of  the  channel  (see  dotted  line  C C C C,  in  Fig.  172),  and  taken  in 
longitudinal  section,  would  present  the  form  shown  by  the  development. 
Fig.  174,  continued  indefinitely  in  each  direction.  The  channels  are  taken 
out  to  such  a section  as  will  make  the  line  of  intersection  of  the  blades 
with  the  channel  a semicircle  (see  the  fourteen  semicircles  in  Fig.  172).  The 
casing  is  filled  with  water.  If  the  casing  be  held  fast,  and  the  fan  made  to 
revolve  within  it  so  as  to  make  the  relative  motions  of  the  blades  be  in  the 
directions  shown  by  the  arrows  in  the  longitudinal  development,  a great 
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internal  resistance  is  set  up,  and  the  casing  becomes  a brake  to  the  revolving 
fan. 

At  D D are  two  wheels  for  regulating  the  brake  action  of  the  apparatus 
in  the  following  manner  ; E E E E are  plates,  there  being  two  pairs,  but  one 
of  each  pair  only  appearing  in  Fig.  172-  Each  pair  are  coupled  together 
by  the  curved  backs,  which  appear  in  section  in  Fig.  173.  The  spindles  to 
which  the  regulating  wheels  D D are  attached  are  screwed,  and  go  through 
screwed  bosses  in  the  curved  back  above  mentioned  ; thus,  by  turning  the 
wheels  D D the  four  plates  are  pushed  forward  between  the  fan  and 
the  casing.  The  communication  between  the  water  in  the  fixed,  and  in  the 
moving  channel  and  blades,  is  thus  interrupted,  and  the  brake  action  is 
diminished. 

The  space  F F F F is  a water  chamber ; water  enters  through  two 
cocks  from  outside,  and  is  brought  through  holes  through  the  plane  of  the 
blades  to  the  centre  of  the  channels.  A water  exit  is  also  provided  at  the 
top  of  the  casing,  and  by  this  means  an  interchange  of  water  is  effected. 

When  an  engine  is  to  be  tested  by  the  dynamometer,  the  shaft  of  the 
engine  is  coupled  to  the  dynamometer  shaft  B B,  and  the  effort  of  the 
engine  is  balanced  by  weights  attached  to  the  end  of  the  lever  (Fig.  175). 
The  casing  rests  on  two  rockers  on  points  H H (Fig.  173),  the  necks  of  the 
stuffing-boxes  ; G,  in  Fig.  175,  shows  the  edge  of  one  of  the  rockers.  Both 
rockers  are  on  one  shaft,  and  the  end  of  this  shaft  appears  at  K,  in  Fig.  175. 
Four  small  rollers  L touch  the  circular  lugs  of  the  stuffing-boxes  to  prevent 
the  casing  from  moving  laterally.  The  rocker  gives  a very  “ tender  ” sus- 
pension to  the  casing,  and  insures  that  the  weight  at  the  end  of  the  lever 
shall  represent  the  whole  of  the  effort  of  the  engine. 

The  interchange  of  the  water  is  necessary  to  the  carrying  away  of  the 
heat  which  results  from  the  absorption  of  the  work  of  the  engine  under  trial. 
A complete  analysis  of  the  principles  l)y  which  the  resistance  is  set  u})  in 
the  apparatus  will  be  found  in  a paper  read  by  the  late  Mr.  W.  Froude, 
F.R.S.,  before  the  Institution  of  Mechanical  Engineers  at  Bristol,  in  July, 
1877. 

The  maximum  power-absorbing  capability  of  a moderate  sized  a})paratus 
is  as  follows  : 


At  100  revolutions  ... 


llorsc-powcr. 
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It  will  be  seen  from  this  Table  that  the  power  absorbed  varies  as  the 
cube  of  the  number  of  revolutions  per  minute.  At  the  same  time  it  must 
be  remembered  that  the  regulating  plates  will  reduce  the  resistance  as  low 
as  may  be  required.  The  length  of  the  lever,  namely  G.56  ft.,  is  chosen,  so 
that  an  eight-pound  weight,  with  the  brake  running  at  100  revolutions, 
represents  one  horse-power. 

The  next  class  refers  to  apparatus  that  measure  the  power  transmitted 
through  them,  without  absorbing  it,  otherwise  than  by  the  friction  of 
their  moving  parts.  The  earliest  forms  of  the  apparatus  were  those 
in  which  the  measurement  was  effected  by  noting  the  reaction  between  the 
teeth  of  wheels. 

Brown. — This  dynamometer  (see  Fig.  176)  is  driven  by  gearing ; in  it 
the  work  is  transmitted  from  the  motor  pulley  A to  the  driven  pulley  B,  of 
the  same  diameter,  by  the  equal  sized  wheels  C and  E,  and  the  intermediate 
pinion  D hung  to  the  beam  of 
the  balance  f F.  It  is  evident 
that  the  wheel  D exerts  on  this 
beam  a pressure  (neglecting 
friction  and  resistances  of  the 
machine)  double  the  motive 
effort  measured  on  the  cir- 
cumference of  the  wheel  C, 
and  it  is  easy  so  to  graduate 
F as  to  read  direct  the  motive 
effort  corresponding  to  the  value  and  position  of  the  weight  required  to 
keep  it  horizontal.  The  oil  cylinder  shown  is  employed  to  deaden  the 
vibrations  of  the  beam. 

Raffard. — This  apparatus  (see  Fig.  177)  exhibits  in  a modified  form 
the  same  principle  as  Brown’s.  The  driving  wheel  A actuates  the 
internally-geared  wheel  C,  connected  to  the  machine  by  a clutch  or  by  a belt, 
through  the  intermediate  pinion  D of  equal  diameter  to  C ; the  shaft  of  D 
is  connected  to  the  beam  F by  the  lever  B f,  movable  around  the  axis  h in 
the  same  plane  as  the  axis  of  C,  and  consequently  tangential  to  the  circum- 
ference of  D.  With  this  arrangement,  the  reaction  of  the  wheels  A and 
D exerts  no  turning  action  on  the  lever  B,  which  only  tends  to  move  by 
the  reaction  of  D on  C,  the  friction  of  which  is  so  slight  that  the  effort 
exerted  at  the  point  f may  be  considered  as  practically  the  same  thing  as 
that  at  the  circumference  of  C . 
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Fig.  177. 

German  Dynamometer. — In  this  apparatus  (Fig.  178),  which  does  not 
bear  the  name  of  the  designer, 
the  internal  toothed  wheel  D, 
transmits  the  motive  power  of 
0 to  the  shaft  of  G by  the 
two  equal  pinions  K.  A 
clutch  on  the  frame  upon 
which  the  pinions  are  mounted 
forms  a connection  with  the 
boss  of  the  pulley  L,  which 
is  coupled  to  the  dynamo- 
meter spring  by  the  band  Z ; Fig.  173. 


King;  Silver  and  Gag. 
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this  arrangement,  which  is  very  coni})act,  possesses  the  drawback  of 
having  very  considerable  resistance. 

King. — The  dynamometer  of  Mr.  King  is  distinguished  from  the  pre- 
ceding by  the  use  of  bevel 
wheels.  In  it  the  driving  and 
driven  pulleys  A and  B (Fig. 

179),  loose  upon  their  shaft,  are 
connected  by  the  pinions  a,  d,  h. 

The  reactions  of  a and  h upon 
d,  each  sensibly  equal  to  the 
motive  force  exerted  at  the 
pitch  circle  of  the  pinions,  are 
balanced  by  the  weight  2^,  in 
such  a way  that  the  turning 
power  t of  the  pulley  A is  given  Fig.  179. 

approximately,  that  is  neglecting  friction,  by  the  expression  t = Tr  Ip. 

Silver  and  Gay. — The  dynamometer  of  Messrs.  Silver  and  Gay  also 


Fig.  180. 


belongs  to  the  class  in  which  the  power  is  transmitted  through  bevel  wheels. 
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A (Fig.  180)  is  the  driving  pulley,  B the  pulley  from  which  the  strap  is  taken 
to  the  machine  the  power  of  which  it  is  desired  to  measure,  d the  train  of 
bevel  pinions,  y‘ the  steelyard,  P the  scale  pan,  the  movable  weight.  The 
rod  which  carries  the  scale  j)an  terminates  in  a piston,  moving  in  the  air 
cylinder  c,  whose  office  is  to  lessen  the  vibrations  and  regulate  the  oscilla- 
tions of  the  steelyard.  The  pulley  A drives  the  pulley  B through  the 
intermediary  of  the  toothed  wheel  c and  the  pinions  d ; the  amount  of 
weight  placed  in  the  scale  pan,  and  the  position  of  the  runner  necessary 
to  keep  the  beam  horizontal,  is  a measure  of  the  power  transmitted.  From 
this  the  necessary  deduction  must  be  made  for  the  friction  of  the  appa- 
ratus. 

Smith. — The  dynamometer  of  Mr.  Smith,  of  Taunton,  is  based  on  the 
same  principle  as  the  King  dynamometer.  It  comprises  two  pulleys  which, 
in  transmitting  the  movement,  act  on  a spring  in  place  of  a weight,  and 
extend  it  more  or  less  according  to  the  effort  exerted.  Fig.  181  shows  the 
apparatus.  The  two  pulleys  P and  P ' are  mounted  on  the  same  shaft ; they 
are  loose  on  this  shaft,  but  are  always  connected  by  bevel  gearing.  Between 
the  two  pulleys,  in  the  middle  of  the  shaft,  and  loose  on  it,  is  an  open  sector  M. 
Within  this  is  a bevel  pinion  on  a vertical  spindle,  gearing  into  the  two  bevel 
wheels  ; and,  as  the  sector  M is  loose,  it  acts  as  a planet  wheel.  At  the  bottom 
of  the  sector  is  a band  ke])t  stretched  by  a spring  in  the  box  A.  The  sector 
is  extended  above  the  shaft  by  a wooden  sector  E : a counterweight  placed 
behind  the  sector  balances  tliis  latter  with  M.  If  the  pulley  P is  driven  in 
the  reverse  direction  of  the  hands  of  a watch,  the  system  of  bevel  gearing 
will  transmit  to  the  pulley  P'  a movement  in  an  opposite  direction,  and  this 
pulley  P'  puts  in  movement  the  machine  to  be  tested.  But  if  this  machine 
exerts  a certain  resistance  to  the  motion,  the  intermediate  toothed  wheel, 
besides  transmitting  the  movement,  will  be  displaced  towaids  the  right,  and 
draw  on  the  spring  in  the  box  A,  and  this  displacement  will  increase  as  the 
effort  exerted  becomes  more  considerable.  By  measuring  the  tension  of  the 
spring  and  the  number  of  revolutions  of  the  spindle,  the  work  develo})ed 
will  be  ascertained.  The  number  of  revolutions  is  given  by  an  ordinary 
counter  shown  in  the  figure.  Two  toothed  wheels  of  equal  diameter 
between  the  pulley  P and  the  front  beaiing  of  the  shaft,  transmit  the  move- 
ment to  this  counter.  The  different  degrees  of  tension  of  the  spring  are 
recorded  as  follows  : On  the  circumference  of  the  sector  E is  jdaced  hori- 
zontally a wooden  rod  N'  H,  which  at  H passes  freely  through  an  opening 
in  the  vertical  su])port.  Two  threads  N'  and  O',  attached  to  the  aector  and 
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the  rod,  guide  this  latter  in  such  a way  as  to  follow  all  the  movements  of 
the  sector  E,  and,  therefore,  of  the  sector  M.  On  the  rod  is  a style  T, 
formed  of  a glass  tube  drawn  down  to  a point,  and  filled  with  aniline  ink  ; 
this  bears  on  a sheet  of  paper  rolled  round  a wooden  cylinder.  On  the 


counter  spindle  is  placed  a small  pulley,  a cord  from  which  drives  an  endless 
screw  in  the  box  B,  and  this,  gearing  into  a worm  wheel,  actuates  a second 
pulley,  from  which  the  cylinder  is  set  in  motion.  The  various  parts  are  so 
proportioned  that  the  cylinder  has  a speed  bearing  a known  relation  to  that 


p 
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of  the  pulleys.  When  the  spring  A is  extended,  the  sector  M is  drawn 
towards  the  right,  while  the  rod  and  style  T are,  of  course,  moved  toward 
the  left ; and  there  is  traced  upon  the  paper  mounted  on  the  revolving 

cylinder,  a curve  representing  the  effort  exerted,  and  the  time  during  which 

Fig.  182. 


Fig.  183. 

it  is  continued  ; the  work  done  can  l)o  ascertained  by  computing  the  area  of 
the  diagram  thus  produced,  which  is  ])i'eferahly  deduced  by  the  design  of 
this  apparatus,  by  cutting  out  and  weighing  the  ])apcr  enclosed  by  the  curve. 
The  number  of  seconds  that  any  given  ex})eriinent  lasts  is  recorded  by  a 
chronographic  attachment  also  marking  on  the  cylinder. 
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Bourdon. — It  is  possible  to  greatly  diminish  the  friction  of  dynamo- 
meters in  which  toothed  wheels  are  employed  by  the  use  of  helicoidal 
teeth.  The  Bourdon  dynamometer,  Figs.  182  and  183,  is  constructed  on 
this  plan  : The  motion  is  transmitted  from  the  driving  pulley  A to  the 
driven  pulley  through  the  helicoidal  toothed  wheels  B B\  If  the  incli- 


Fig.  185. 


nation  of  the  teeth  with  respect  to  the  axis  be  called  t,  and  the  tangential 
force  at  their  pitch  circles  P,  the  component  of  the  force,  parallel  to  the 
axis  of  B^,  equal  to  P cot.  ^,  will  act  directly  on  the  arched  spring  C and  its 
index  finger  D E. 

Hirns  Torsion  Dynamometer, — Hirn’s  torsion  dynamometer  measures 

P 2 
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the  power  transmitted  by  a shaft  by  noting  the  angle  of  torsion  through  which 
a portion,  or  the  whole  of  it,  is  deflected.  The  shaft  A,  Figs.  184,  185,  and 
186  through  which  the  power  is  passing,  carries  two  equal  toothed  wheels 
2q  2i,  gearing  the  one  directly  through  the  wheel  p^,  and  the  other  through 
the  intermediate  wheel  i,  with  two  shafts  ^i,  which  are  thus  rotated  in 
opposite  directions.  The  shafts  are  coupled  together  by  the  differential 
train  a^,  cIq  c/j,  of  which  the  latter  two  wheels  are  carried  on  the  rod  h, 
which  controls  the  position  of  the  roller  Kj  upon  the  totaliser  disc  D.  This 
roller,  guided  by  the  long  bar  So,  movable  about  Sj,  is  moved  away  from  the 
centre  of  the  disc  as  the  torsion  increases,  that  is,  as  the  power  transmitted 
is  augmented,  and  at  the  same  time  the  disc  rotates  at  a speed  which  is 
proportional  to  that  of  the  shaft ; from  this  it  results  that  the  number 
registered  by  the  counter,  which  is  driven  by  the  roller,  is  proportional  to 
the  work  transmitted  by  the  shaft  A. 

The  bearings  Jq  Ji  of  the  shaft  Jjq  are  fixed  upon  levers  Eq  Ei  whose 
extremities  rest  upon  rollers  free  to  run  in  a horizontal  plane.  By  this 
arrangement  the  vibrations  transmitted  to  the  wheels  2q  2^  by  the  play  of 
the  shaft  A in  its  bearings  are  communicated  to  the  wheels  p>a  ]_h,  and  do 
not  affect  the  indications  of  the  roller. 

This  simple  and  ingenious  instrument  has  the  distinguishing  charac- 
teristic that  it  may  often  be  applied  without  modification  of  the  existing 
method  of  transmission.  Since  its  introduction  in  1867  it  has  always  been 
found  to  give  accurate  results. 

Belt  Dynamometers. — The  principle  of  belt  dynamometers  consists  in 
replacing  the  transmission,  the  work  on  which  it  is  desired  to  measure,  by 
a temporary  transmission,  the  belt  of  which  is  so  arranged  that  the  observer 
can  register,  during  the  whole  trial,  the  variations  in  the  difterences  in 
tension  of  the  sides  of  the  belt  and  its  speed  at  each  moment.  In  this  way 
are  obtained  the  elements  of  the  work  transmitted  to  the  belt  of  the  dynamo- 
meter ; to  deduce  the  useful  work  transmitted  by  this  belt  to  the  machine 
being  driven,  it  is  necessary  to  deduct  the  work  absorbed  by  the  resistance 
of  the  dynamometer,  and  by  twisting,  sli})ping,  and  stretching  of  the  belt. 
The  work  absorbed  by  the  resistance  of  the  dynamometer  can  be  ascertained 
with  sufficient  practical  accuracy  by  measuring  it  when  idle,  that  is  to  say, 
by  making  it  drive  a loose  pulley,  or  better  still  a pulley  of  known 
resistance,  at  a normal  speed;  the  other  resistances  which  affect  the  accuracy 
of  the  apjjaratus  are  practically  indeterminable,  but  they  can  be  reduced 
to  a minimum  by  a careful  selection  of  a belt,  and  by  arranging  it  to 
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embrace  so  large  a proportion  of  the  eircumference  of  the  pulley  as  to 
render  dipping  almost  nil. 

Froude. — One  of  the  oldest  and  best  studied  apparatus  of  this  type  is 
the  Froude  dynamometer,  in  which  the  belt  passes  from  the  driving  pulley 
A (Fig.  187),  to  the  driven  pulley  B,  being  taken  over  two  guide  wheels 
C D on  its  way.  These  guide  wheels  are  carried  by  a balanced  arm  E, 
movable  around  the  axis  F.  Between  this  arm  and  the  pulley  B,  are 
introduced  guide  pulleys  G and  H.  One  only  of  these  pulleys  comes 
into  operation,  the  selection  depending  upon  the  position  and  size  of 
the  driven  pulley,  which  may  be  as  shown  at  B,  or  may  be  at  a higher 
level,  or  of  any  diameter  up  to  three  times  as  great  as  A.  The  object 


Fig.' 188. 

of  these  guide  pulleys  is  to  preserve  the  parts  of  the  belt  between  G 
and  the  dynamometer  parallel.  From  this  arrangement  it  follows  that, 
when  once  the  apparatus  is  in  working  order,  and  supposing  its  friction  to 
be  insignificant,  the  axis  of  the  pulley  D will  be  subjected  to  a strain  equal 
to  the  sum  of  the  tension  of  the  two  sides  of  the  belt  around  it,  or  to 
double  the  tension  of  the  following  side,  and  that  the  axis  of  the  guide 
wheel  C will  receive  a force  equal  to  double  the  tension  of  the  driving 
side ; the  dynamometric  spring  I will  thus  have  to  sustain  an  effort  equal 
to  double  the  difference  of  tension  in  the  sides  of  the  belt  employed.  The 
style  s connected  to  the  balanced  lever  E by  a cord  (Fig.  188)  moves  along 
the  face  of  the  cylinder  K,  actuated  by  the  gearing  R,  with  a rotating 
motion  proportional  to  that  of  the  driving  pulley ; this  style  traces  a curve 
of  force,  the  area  of  which  is  proportional  to  the  work  done  by  the  belt, 
and  the  contour  of  which  indicates  all  the  variations  of  this  work.  An 
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accumulating  counter  can,  of  course,  be  added  to  this  instrument,  to  indicate 
constantly  the  work  done  from  the  commencement  of  the  trial,  and  its 
value  in  horse-power.  Referring  to  the  illustration,  it  will  be  seen  that  the 
axes  of  the  wheels  C and  D rest  upon  anti-friction  rollers  N N ; that  the 
balanced  lever  E is  in  the  form  of  Z to  compensate,  by  a slight  bending  of 
the  arm,  any  displacement  of  the  axes,  and  to  preserve  them  parallel  to  F. 
The  spring  is  connected  to  a rod  on  which  is  a piston  working  in  an  oil 
cylinder,  the  opposite  ends  of  which  are  connected  by  a pipe  controlled  by 
a tap,  so  that  the  resistance  opposed  to  the  vibration  of  the  sj^ring  can  be 
regulated  without  affecting  the  precision  of  its  general  indication.  The 
apparatus  can  be  adjusted  by  replacing  the  belt  by  a graduated  belt  fixed 
to  the  frame  at  o and  loading  it  at  with  a known  weight,  the  effect  pro- 
duced being  indicated  by  a pointer. 

Tatham. — This  apparatus  is  founded  on  that  of  Fronde  ; its  general 
forms  are  shown  in  Figs.  189  and  190-  In  the  former,  the  balanced  lever  of 
Froude  is  replaced  by  two  semicircles  B B'  free  to  turn  on  the  knife  edges 
C C' , and  connected  by  links  bearing  on  the  knife  edges  D D' . The  driving 
pulley  is  shown  at  A,  and  the  sides  of  the  belt  a a pass  on  one  side  of  the 
knife  edges  C C'  over  the  guide  wheels  E E',  and  thence  over  F F'  to 
the  driven  pulley.  By  this  arrangement  the  sides  a a exert  no  turning 
effort  on  the  pieces  B B',  which  only  tend  to  turn  by  the  difference  in 
tension  of  the  sides  h h',  so  that  the  effect  of  friction  is  almost  removed. 
The  second  arrangement.  Fig.  190,  has  for  its  special  object  the  partial 
avoidance  of  the  disturbances  due  in  the  wearing  of  the  spindles  of  the 
rollers,  the  effect  of  such  wear  being  to  increase  the  distance  apart  of 
the  tangent  points  on  the  right  of  the  edges  C C'.  This  is  avoided  by  the 
arrangement  shown  in  the  diagram,  where  A is  the  driving  pulley,  and 
M the  driven  j)ulley ; the  lever  B,  the  arms  of  which  are  equal  to  the 
effective  diameter  of  the  wheels  E E',  is  pulled  at  H by  an  amount  due 
to  the  difference  in  the  tension  of  the  sides  h h'  of  the  belt.  In  this  type  of 
dynamometer  any  variation  in  the  thickness  of  the  belt,  the  planes  of  the 
sides  a a'  of  which  ought  to  pass  through  the  axis  C,  does  not  appreciably 
affect  the  accuracy  of  the  results. 

Tatham. — Another  form  of  the  Tatham  dynamometer,  which  has 
been  constructed,  for  the  use  of  the  Franklin  Institute,  is  repre- 
sented in  Fig.  191.  It  consists  of  double  wooden  A frames,  braced  to- 
gether and  carrying  four  pulleys  between  them.  Of  these,  the  lower  is 
driven  from  the  engine  or  prime  mover,  and  transmits  motion  to  the  one 
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immediately  above  it,  which  is  connected,  by  an  elongation  of  its  shaft  not 


shown  in  the  view,  to  the  machine  whose  consumption  of  power  is  to  be 
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determined.  The  remaining  two  pulleys  are  idle,  and  are  carried  in 
separate  lever  frames.  Each  frame  is  suspended,  at  its  outer  end,  upon 
knife  edges  carried  upon  a crossbar,  and  is  connected  at  its  inner  end  by 
a link  to  a scale  beam  above  it.  These  two  links  are  attached  to  the  scale 
beam  on  opposite  sides  of  its  pivot  (1.9  in.  therefrom)  and  consequently 
their  action  upon  it  may  be  balanced  by  a weight  that  corresponds  to 
their  difference.  The  beam  is  capable  of  weighing  up  to  300  lb.,  and  is 
graduated  to  25  lb.,  by  pounds  and  tenths ; it  may  be  balanced  by  dead 
weights,  or  by  a spring  balance,  the  latter  being  used  when  an  indicator 
diagram  is  being  produced.  From  the  centre  of  the  beam  to  the  extreme 
right-hand  is  32^  in.,  from  which  it  may  be  deduced  that  the  scale  of  the 
illustration  is  about  y^th. 

The  idle  pulleys  are  each  7 in.  broad,  and  the  largest  and  smallest 
circumference  of  each  is  27^  in.  and  27  in.,  whence  it  follows  that  the 
average  radius  is  4.30375  in.  The  axis  of  each  pulley  is  situated  4.39  in. 
from  a line  joining  the  knife  edges  on  which  its  lever  frame  turns,  the 
effective  radius  of  the  pulley  having  been  found  to  be  4.387256  in.  The 
distance  of  the  axis  from  the  suspension  link  is  8.78  in.  The  middle 
pulley,  which  drives  the  counter  and  indicator  card,  is  7 in.  broad,  and 
has  a maximum  circumference  of  38|  in.,  and  a minimum  circumference  of 
38y^j5-in.,  or  38.59375  in.  on  the  average.  Careful  measurements  show  that 
the  delivery  of  belt  per  revolution  is  39.595  in.  The  driving  pulley  is 
30  in.  in  diameter  and  7 in.  broad,  and  runs  in  journals  that  can  be  adjusted 
vertically  to  tighten  the  belt.  The  latter  is  16  ft.  long,  6 in.  wide,  and  fin. 
thick,  of  oak-tanned  leather.  The  splices  are  scarfed,  glued,  and  rivetted, 
so  as  to  preserve  a uniform  thickness.  The  flesh  side  of  the  belt  is  next  the 
driving  pulley  and  the  two  idle  pulleys,  and  the  hair  side  is  next  the  upper 
middle  pulley.  The  belt  runs  in  the  direction  of  the  arrows  on  the  outside, 
down  on  the  left  and  up  on  the  right.  But  in  describing  its  operation  it  is 
better  to  follow  the  tension  of  the  belt  in  a direction  contrary  to  the  motion 
of  the  belt  itself  The  tension,  originating  at  the  lower  driving  wheel,  acts 
vertically  upon  the  left-hand  idle  pulley  at  the  extremity  of  its  effective 
radius,  and  cuts  a line  joining  the  two  knife  edges,  which  constitute  the 
fulcrum  of  the  lever  frame.  The  effect  of  this  part  of  the  belt  uj)on  the 
scale  beam  is,  therefore,  nil. 

Losing  enough  force  to  overcome  the  friction  of  the  idle  })ulley,  the 
remaining  tension  acts  vertically,  first  by  reaction  u})on  the  lever  frame 
carrying  the  idle  pulley  at  a point  corresponding  to  tbe  extremity  of  the 
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inside  effective  radius  of  the  pulley,  and  thence  through  the  link  upon  the 
positive  side  of  the  scale  beam ; and,  second,  upon  the  middle  pulley 
representing  the  machine  on  trial.  These  forces  are  equal  and  opposite.  The 
tension  acting  on  the  middle  pulley  then  performs  the  work  that  is  to  be 


Fig.  191. 


measured  and  is  reduced  thereby.  The  remainder  acts,  first,  by  reaction 
on  the  middle  pulley  ; and,  second,  directly  upon  the  lever  frame  carrying 
the  right-hand  idle  pulley,  and  thence  through  the  link  to  the  negative  side 
of  the  scale  beam.  These  two  forces  are  also  equal  and  opposite.  The  ten- 
sion then  passes  over  the  idle  pulley  through  the  fulcrum  as  before  to  the 
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place  of  beginning.  It  is  evident,  therefore,  that  the  only  forces  bearing 
upon  the  scale  beam  are  the  tension  of  the  tight  belt  on  the  positive  side  of 
the  beam,  and  the  tension  of  the  slack  belt  on  the  negative  side.  The  beam 
weighs  the  difference  between  the  two,  and  if  its  indication  in  pounds 
be  multiplied  by  the  number  of  revolutions  of  the  middle  pulley  per  minute. 


and  the  product  be  divided  by  10,000,  the  result  will  be  horse-power  and 
decimals. 

The  principal  centre  of  the  scale  beam  is  lengthened  towards  the 
observer,  and  at  its  nearest  extremity  carries  a lever  arm  attached  to  a 
horizontal  link,  connecting  it  with  a long  vertical  index  lever,  which  carries 
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a pencil  at  its  lower  end.  This  pencil  moves  horizontally  as  the  end  of 
the  lever  vibrates  vertically,  and  marks  upon  a ribbon  of  paper,  caused 
to  move  vertically  between  two  revolving  rollers,  which  are  driven  by  the 
worm  upon  the  prolongation  of  the  shaft  of  the  middle  pulley.  If  the 
scale  beam  be  attached  to  the  spring  balance  the  ordinates  of  the  curve 
traced  by  the  pencil  will  represent  the  force  employed,  while  the  abscissae 
will  represent  the  motion. 

Farcot. — M.  Farcot’s  transmission  dynamometer  is  also  designed  for  the 
continuous  measurement  of  the  work  transmitted  to  any  machine  driven 
by  a belt,  so  as  to  record  the  work  absorbed,  its  action  depending  on  the 
measurement  of  the  tension  of  one  side  of  the  belt  going  from  the  source  of 
power,  to  the  driven  machine.  Fig.  192  illustrates  the  general  arrangement 
of  the  apparatus.  The  two  pulleys  D'  E are  fixed  on  the  shaft  d\  the 
former  is  driven  from  left  to  right  by  the  belt  C'  from  the  motor,  on 
the  latter  is  the  transmission  belt  C,  which  afterwards  passes  round  the 
pulley  e'  and  the  tightening  wheels  e e" . On  the  shaft  d , which  carries 
the  pulley  e',  is  also  a pulley  D,  which  drives  the  machine  to  be  tested 
by  a belt.  The  tightening  wheels  are  loose  on  their  spindles,  which  run 
in  frames  oscillating  round  the  points  e and  f.  When  the  machine  is  at 
rest  the  frames  are  loaded  with  two  equal  weights  and  p which 
produce  the  tension  on  the  belt.  If,  without  connecting  the  apparatus  with 
the  machine  to  be  tested,  the  pulley  D is  put  in  rotation,  the  side  C of  the 
belt  will  be  placed  in  tension,  and  lifting  the  tightening  wheel  h will  destroy 
the  equilibrium.  To  restore  this  it  is  necessary  to  add  to  the  scale  pan,  hung 
at  P,  a weight  g that  represents  the  effort  produced  by  the  apparatus 
itself.  If,  now,  by  means  of  the  belt  over  the  pulley  D,  the  machine  to 
be  tested  is  set  in  motion,  the  resistance  offered  by  this  machine  will  exert 
a further  tension  of  the  belt  at  C,  the  tightening  pulley  6 will  be  lifted  and 
equilibrium  again  be  disturbed,  requiring  another  weight  in  the  scale  pan  to 
restore  it.  When  this  has  been  done  the  tension  of  the  belt  at  e e will  be 
equal  to  the  effort  exerted  on  the  circumference  of  the  pulley  to  put  the 
machine  in  movement.  The  work  absorbed  can  then  be  obtained  by  multi- 
plying this  tension  by  the  speed  of  a point  on  this  circumference,  that  is  to 
say,  by  2 7T  R calling  n the  number  of  revolutions  per  second,  and  R the 
radius  of  the  pulley  e'  . The  tightening  pulley  h being  in  the  middle  of  its 
frame,  the  vertical  reaction  applied  at  its  centre  to  balance  the  weight  P 
will  equal  2 P,  and,  as  this  force  is  divided  between  the  sides  C and  e'  e of 
the  belt,  if  these  are  assumed  to  be  vertical,  which  is  nearly  the  case,  the 
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tension  of  each  of  them  will  be  equal  to  P,  If  from  this  latter  be  deducted 
the  tension  g equal  to  the  effort  necessary  to  set  the  pulleys  in  movement, 
the  work  absorbed  will  be  equal  to  (P— x 2 tt  R In  this  formula  P 
and  g are  given  by  direct  observation,  R is  a fixed  and  known  quantity,  and 
n is  ascertained  by  an  ordinary  counter.  We  have  assumed  that  the  belts  C 


Fig.  193. 

and  c c"  are  vertical  and  parallel.  Actually  this  is  not  the  case,  and  the 
belt  makes  a certain  angle  with  the  vertical,  which  must  be  allowed  for 
to  obtain  a correct  result.  If  we  call  2 T'  the  vertical  force  aiq)lied  at  h to 
balance  the  weight  P,  we  have  2 P = 2 T'  ; again,  calling  T the  tension  of  the 
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belt  e e,  then  T = T'  cos  a whence  T'  = — ; as  P = T'  it  follows  that 

’ ^ COS  a ^ 

T 

P — whence  T = P cos  a.  Evidently  the  smaller  the  angle  a the 

more  nearly  will  T approximate  to  P,  and  in  many  cases  the  difference  may 
be  neglected,  but  it  can  be  always  easily  computed  for  accurate  results. 
The  effect  of  the  machine  itself  already  referred  to  varies  with  the  speed, 
and  a test  of  these  variations  due  to  different  s^ieeds  is  convenient.  In  a 
standard  type  of  the  machine  the  tares  are  as  follows  : 


Tare  for  100  revolutions 


)> 


120 

140 

160 

180 

200 

220 

240 

260 

280 

300 


5J 


2200  lb. 
2640  „ 
3080  „ 
3300  „ 
3410  „ 
3520  „ 
3740  „ 
3960  „ 
4180  „ 
4400  „ 
4840  „ 


In  ascertaining  the  above  amounts,  the  weights  were  tested  by  means 
of  a very  simple  brake  shown  in  the  figures.  It  consists  of  a cord  passing 
over  a grooved  pulley  F,  fixed  on  the  spindle  d ; this  cord  is  secured  to  a 
spring  balance  g,  the  other  end  passing  over  the  pulley  h,  and  being  held  by 
the  weight  p.  Fig.  193  gives  a general  view  of  the  apparatus,  the  same 
letters  applying  to  similar  parts  in  the  diagram.  In  this  machine  the 
dimensions  of  the  principal  pulleys  are  e' =23.62  in.;  E,  2.76  in.;  D, 
43.3  in. ; and  the  tightening  pulleys  are  each  15.75  in.  ; the  total  heio’ht 
of  the  apparatus  is  10  ft.  2 in.  In  the  arrangement  shown  a Prony  brake 
can  be  connected  with  a pulley  on  the  shaft  d,  its  object  being  to  check 
the  accuracy  of  the  instrument  from  time  to  time.  To  do  this,  the 
machine  to  be  tested  is  first  measured  by  the  dynamometer,  as  above 
described,  and  then,  when  the  weight  P has  been  ascertained,  this  weight 
is  left  in  the  scale,  and  connection  with  the  machine  to  be  tested,  is 
discontinued ; the  Prony  brake  is  then  adjusted  and  loaded  until  equili- 
brium has  been  restored.  The  work  indicated  by  the  brake  ought  to  be 
equal  to  that  previously  indicated  by  the  dynamometer. 

Parsons. — This  dynamometer,  which  is  extremely  simple,  is  similar  in 
its  action  to  that  of  Froude.  The  driving  pulley.  Fig.  194,  is  A,  and  C is 
the  driven  pulley.  The  apparatus  being  set  in  motion,  the  weights  at  Q 
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are  varied  in  such  a manner  as  to  maintain,  as  far  as  possible  at  one  level, 
the  axes  of  the  suspended  pulleys  B and  D ; there  then  exists  constantly 


Fig.  194, 


between  the  tensions  Tj  and  Tg  of  the  sides  o and  of  the  belt,  the  relation 


Hefner  Altenech. — In  its  simplest  form,  that  in  which  it  was  first 
brought  out  in  1872,  the  Von  Hefner  Alteneck  dynamometer  consisted  of 
two  rollers  connected  rigidly  to  one  another,  and  embracing  between  them 
the  two  parts  of  the  belt  extending  between  two  pulleys,  one  of  which  was 
fixed  on  the  motor  and  the  other  on  the  machine  to  be  tested,  the  two 
sides  of  the  belt  being  brought  near  to  each  other  by  the  rollers.  The 
dynamometer  was  fixed  to  a support  in  such  a way  that  the  two  rollers, 
and  the  portions  of  the  belt  in  contact  with  them,  occupied  a position 
perfectly  symmetrical  to  the  line  joining  the  centres  of  the  two  pulleys. 
The  frame  carrying  the  rollers  could  be  shifted  slightly  perpendicular  to 
the  centre  line,  the  motion  being  limited  by  stops,  and  the  central  position 
exactly  fixed  by  marks.  When  not  in  motion  the  two  parts  of  the  belt, 
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being  equally  stretched,  the  two  rollers  maintained  their  central  position, 
but  as  soon  as  the  belt  began  to  transmit  power,  the  driving  side  became 
more  tense  and  displaced  the  rollers.  The  force  neeessary  to  bring  the 
system  into  its  normal  position  was,  therefore,  proportional  to  the  difference 
of  tension  between  the  two  sides,  that  is  to  say,  to  the  power  trans- 


Fig.  195. 

mitted  at  the  moment.  This  force  was  measured  by  a spring,  which  was 
extended  by  a screw  adjustment,  until  the  index  was  brought  to  its  normal 
position.  The  extension  of  this  spring  measured  on  a graduated  scale,  the 
power  sought  for.  The  force  indicated  by  the  spring,  divided  by  the  sum 
of  the  sines  of  the  two  angles,  formed  by  the  eentre  line,  and  the  two 


Fig.  196. 

portions  of  the  belt  on  each  side  of  the  same  roller,  gave  the  difference  in 
tension  between  the  two  sides  of  the  belt,  that  is  to  say,  the  power 
transmitted,  P. 

Although  the  dimensions  required  for  the  equation  by  which  the 
power  was  worked  out  were  easily  measured,  the  accuracy  of  the  deductions 
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depended  on  the  precision  with  which  they  are  taken,  so  that  considerable 
care  was  necessary  in  using  the  apparatus,  which,  moreover,  required  a new 
measurement  for  each  installation.  To  avoid  these  drawbacks,  Mr.  Hefner 
Alteneck  has  greatly  simplified  the  arrangement.  With  the  new  apparatus 
direct  readings  can  be  taken  of  the  difference  of  tension,  and  the  mode  of 
mounting  on  the  belt  does  not  affect  the  accuracy  of  the  measurement. 
Fig.  195  illustrates  the  principle  and  Figs.  196  and  197  the  instrument  itself. 
The  two  parts  of  the  belt  rest,  as  shown,  upon  seven  rollers,  of  which  six 
(1  to  6)  are  fixed  in  the  frame  of  the  apparatus,  the  seventh  roller,  that  in  the 
centre,  is  carried  in  a frame  r r movable  about  the  spindle  of  the  roller  5 in 
such  a way  that  it  can  travel  slightly  on  each  side  of  its  central  position. 
The  apparatus  is  fixed  on  the  driving  belt  between  two  pulleys  in  such  a way 
that  the  spring  g may  be  on  the  stretched  side  of  the  belt.  The  two  small 
rollers  5 and  6 are  employed  to  maintain  the  two  angles  of  the  belt  always 
equal.  The  weight  of  the  roller  7 and  of  the  movable  frame  r r is  balanced  by 


the  counterweight  'p  fixed  to  the  end  of  a lever,  and  connected  by  a rigid  rod 
to  the  frame  r r.  By  this  arrangement  the  equilibrium  is  maintained  in  every 
position  of  the  apparatus.  This  lever  is  also  used  as  an  indicator;  when  the 
point  m is  opposite  to  the  mark  on  the  piece  projecting  from  the  frame, 
the  roller  o is  in  the  centre  of  the  apparatus.  This  modified  form  operates 
in  the  same  way  as  the  original  apparatus,  the  spring  g tending  to  bring  the 
roller  7 to  a central  position,  but  as  the  angle  of  the  belts  remains  constant, 
the  coefficient  of  the  apparatus  can  bo  determined  once  for  all,  and  the 
spring  graduated  beforehand.  As  a rule,  a millimetre  on  this  scale  cor- 
responds to  a kilogramme  in  difference  of  tension.  The  dynamometer  can 
be  fixed  as  may  be  most  convenient,  but  it  should  be  placed  in  the  same 
plane  as  the  two  pulleys,  so  as  to  avoid  any  slipping  of  the  belt.  To  j)revent 
any  sudden  and  violent  action  of  the  movable  part,  the  frame  is  connected 
to  the  piston  rod  of  a small  pump  filled  with  water  which  absorbs  shocks. 
In  order  to  attach  the  apjiaratus  without  unfastening  the  belt,  one  side  of 
the  instrument  can  be  removed  and  replaced  easily. 
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When,  at  any  given  moment,  the  difference  of  tension  between  the 
sides  of  the  belt  has  been  read  on  the  scale,  the  work  transmitted  at  that 
moment  is  ascertained  by  multiplying  the  number  found  by  the  circumferen- 
tial speed  of  the  pulley.  This  can  be  measured  by  any  of  the  ordinary 
methods,  either  on  the  transmitting  or  receiving  shaft,  according  to  whether 
it  is  desired  to  allow  for  the  loss  caused  by  the  friction  of  the  belt.  To 
check  the  accuracy  of  the  instrument,  care  is  first  taken  that  all  the  rollers 
are  running  quite  free,  and  that  at  any  angle,  the  index  of  the  spring  being 


at  zero,  the  other  index  shall  coincide  with  the  mark  m.  This  adjustment 
can  be  secured  by  shifting  the  spring  index,  and,  if  necessary,  the  counter- 
weight -p.  The  instrument  is  then  placed  almost  vertical,  and  a small 
belt  is  brought  in  contact  with  the  roller.  The  sides  of  this  belt  are  loaded 
with  weights,  and  additional  weights  are  applied  to  the  side  next  the  spring. 
The  apparatus  is  then  balanced  by  means  of  the  spring  and  the  index  of 
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this  latter  should  indicate  a force  exactly  corresponding  to  the  difference  of 
the  weights  employed. 

Figs.  198  to  200  illustrate  different  modes  of  applying  the  Hefner 
Alteneck  dynamometer.  In  Fig.  198,  the  driving  pulley  A transmits 
motion  to  tlie  pulley  B by  the  two  auxiliary  pulleys  (>  D,  the  belt  passing 


over  which  is  kept  stretched  by  the  guide  wheels  <j,  kept  always  at  the 
same  distance  apart  in  the  frame  on  which  they  are  mounted,  which 
turns  around  a ; this  movable  portion  is  balanced  by  the  weight  p,  on 
the  horizontal  lever,  to  which  a rod  is  connected,  having  a piston  on  its 
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end  working  in  an  oil  cylinder,  to  deaden  the  vibration  of  the  system. 
When  the  apj^aratus  is  at  rest,  the  movable  system  is  balanced  by  the 
weight  j),  and  the  equal  tension  of  the  belt ; as  soon  as  the  apparatus  is  set 
in  motion,  equilibrium  is  destroyed  by  the  difference  T^  — T2  in  the  tension 
of  the  driving  and  driven  sides  of  the  belt,  and  the  value  of  these  differences 
can  be  ascertained  by  the  index  ^,  which  moves  with  the  turning  frame 
against  a graduated  scale.  Figs.  199  and  200  show  two  modifications,  the 
latter  adopted  by  Dr.  J.  Hopkinson  in  a series  of  trials  with  dynamo- 
electric  generators,  and  the  former  proposed  by  Mr.  Elihu  Thomson  in  the 
Journal  of  Franklin  Institute. 

King. — King’s  dynamometer  is  applied  directly  to  the  ends  c c^  (Fig. 
201)  of  the  driving  strap,  and  acts  as  a coupling  between  them,  transmitting 
the  strain  from  one  to  the  other.  As  the  dynamometer 
is  alternately  carried  from  the  slack  to  the  tight  side  of  the 
belt  the  horseshoe  shaped  spring  s opens  and  closes,  and 
registers  its  movements  by  aid  of  a pawl  on  a graduated 
scale.  Thus  the  work  of  the  strap  in  a given  time  is 
totalised,  but  the  results  are  not  to  be  relied  upon  too  F'S-  201. 

closely. 

Perhaps  the  best  known  of  the  transmission  dynamometers  are  those 
in  which  the  turning  force  is  measured  by  the  flexure  of  sj^rings  of  various 
kinds  by  means  of  adjustable  weights.  Of  these,  the  most  familiar  example 
in  this  country,  is  that  of  the  Royal  Agricultural  Society. 

Royal  Agricultural  Society  s Dynamometer. — The  arrangement  of  this 
apparatus  is  indicated  by  Figs.  202  to  206-  The  driving  pulley  A,  put  in  motion 
by  a belt,  or  by  the  clutch  E,  actuates  the  loose  pulley,  connected  to  the 


Fig.  204. 


machine  to  be  measured,  by  means  of  the  springs  G and  H,  which  are  so 
arranged  that  the  angular  displacement  of  A in  relation  to  B,  may  be  pro- 
portional to  the  power  transmitted  by  B.  The  springs  H and  G are  curved 
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in  opposite  directions,  in  such  a way  as  to  neutralise  the  effect  of  centrifugal 
force  upon  their  blades.  The  registering  apparatus,  Figs.  205  and  206,  con- 
sists of  a cylinder  R,  on  which  the  force  curves  are  traced,  of  a totaliser  s, 
and  of  a counter  T ; all  these  parts  are  controlled  by  the  pinion  V,  driven 
by  the  shaft  D.  The  pencil  working  on  the  cylinder  R,  and  the  wheel  P 
of  the  totaliser,  are  fixed  on  the  carriage  O,  and  are  actuated  by  the  spindle 
N,  which  passes  freely  through  the  shaft  C D,  and  bears  at  L on  the  spiral 


path  K,  fast  on  the  boss  of  the  pulley  B ; this  arrangement  insures  that 
the  movement  of  the  pencil  along  the  cylinder,  and  of  the  wheel  P,  are 
proportional  to  those  of  the  pulley  B on  its  shaft,  or,  in  other  words,  to 
the  variations  in  the  power  transmitted  ; the  counter  Q,  controlled  by 
the  wheel  P,  indicates  the  amount  of  work  done. 

Morin. — The  Morin  dynamometer  is  remarkable  for  its  extreme  sim- 
})licity  ; the  pulley  D (Fig-  207),  }>rovided  with  a disc  E,  actuates  the  driven 
pulley  B,  by  a wheel  G,  fixed  to  the  disc  ; the  arm  h'  is  connected  to  the 
pulley  B and  the  steel  band  c ; this  band  compresses  the  coiled  springs  F, 
guided  by  rods  fast  on  the  disc  E,  to  an  extent  proportional  to  the  driving 
effort.  The  pallet  actuates  a radial  rack  moved  by  the  disc,  and  the  move- 
ment of  which  is  transmitted  by  a pinion,  also  carried  by  the  disc,  to  a 
second  cylindrical  rack,  movable  on  the  axis  of  the  shaft  A.  The  move- 
ment of  this  rack  is  tran.smitted,  either  to  a simple  indicator,  to  the 
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pencil  of  a work  recorder  L,  or  to  the  wheel  of  a totaliser.  The  friction  of 


Fig.  207. 


the  instrument  may  be  neglected,  because  the  driving  effort  is  transmitted 
almost  direct  from  the  driving  pulley  to  the  spring. 

Bourry. — Figs.  208  and  209  show  the  Bourry  dynamometer.  The  driving 
pulley  A commands  B,  by  the  bent  levers  e e',  which  move  on  the  centres  o 
and  o',  and  are  jointed  to  the  rods  h,  of  the  disc  P.  This  disc,  free  to  slide  on 
the  shaft  of  B,  compresses  the  springs  B,  to  an  extent  which  varies  with  the 
effort  transmitted  ; in  sliding  it  draws  with  it  the  plate  t of  the  totaliser  t' , 
the  rack  of  the  dynamometer  frame  d,  and  the  style  s which  traces  the 
curve  of  work ; at  the  same  time  it  can,  through  the  levers  f g,  act  on 
the  steam  distribution,  and  so  regulate  the  speed  of  the  engine. 

A slightly  modified  form  of  this  dynamometer,  applicable  as  a coupling 
between  two  shafts,  instead  of  for  a belt  transmission,  is  shown  at  Fig.  210- 
The  shaft  A drives  the  shaft  B by  means  of  a cross-piece  H,  and  links  on 
coupling  rods  h upon  the  elbow  levers  IV  these  are  pivotted  on  the  axes  o 
and  o',  and  articulated  at  a d to  the  links  h b'  connected  to  the  disc  B. 
This  disc,  free  to  slide  upon  the  shaft  B,  is  connected  by  the  springs  R to 
the  collar  m,  which  is  keyed  upon  B,  and  carries  the  axes  o,  o'.  The  greater 
the  resistance  the  more  the  springs  are  deflected  in  moving  the  disc  P and 
its  registering  apparatus,  which  consists  of  a totalising  disc  t,  a scale  t' , a 
counter  c,  a dynamometer  scale  d,  and  a style  s which  describes  the  curve 
of  effort. 

— This  dynamometer,  manufactured  by  MM.  Sautter,  Lemonnier, 
and  Co.,  of  Paris,  is  designed  to  record  the  number  of  foot-pounds  or  kilo- 
grammetres  transmitted  by  the  steam  engine  to  the  machine  to  be  tested 
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by  a simple  multiplication  of  a coefficient  into  the  number  registered  by  the 
counter.  As  in  the  Morin  dynamometer,  there  are  two  pulleys  on  the  shaft 

Fig.  208. 


B A 


Fig.  209. 


Fig.  210. 

B;  one  of  these,  A,  Fig.  211,  is  fast,  and  the  other  C loose  on  the  shaft.  Around 
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the  latter  are  four  projecting  pins  D D that  can  be  brought  into  contact 
with  four  springs  E fixed  to  a sleeve  that  is  fast  upon  the  shaft  B.  When 
the  fast  pulley  A is  driven  by  the  motor,  the  shaft  B,  the  sleeve  F,  and  the 
springs  E are  also  caused  to  revolve,  and  these  springs,  pressing  against 
the  pins  placed  around  the  wheel  C,  make  this  latter  to  turn,  but  the  effort 
causes  the  springs  to  bend,  and  it  is  this  bending  that  is  made  use  of  to 
record  the  work  done.  To  effect  this  the  following  mechanism  is  intro- 
duced : around  the  sleeve  F is  placed  a brass  cylinder  G,  cut  with  a quick 
threaded  screw,  and  receiving  a brass  cylinder,  similarly  threaded  inside. 


On  this  cylinder  are  the  projections  I I,  through  which  pass  the  rods  K K, 
fast  on  the  boss  of  the  loose  pulley.  The  cylinder  G being  fixed  to  the 
sleeve  carrying  the  lower  ends  of  the  springs,  and  the  cylinder  H to 
the  loose  pulley,  it  follows  that  any  deformation  of  the  springs  will  cause 
the  cylinder  H to  travel  on  the  screw  thread  G to  an  extent  proportional 
to  the  movement  of  the  springs,  and,  therefore,  to  the  force  transmitted. 
As  will  be  seen  from  the  engraving,  the  cylindrical  nut  H terminates  in  an 
extension  which  is  passed  over  the  shaft  B,  and  is  grooved  outside  to 
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receive  the  end  of  a forked  lever  L,  centred  at  M on  a pin  in  the  frame 
of  the  registering  mechanism,  which  is  hung  free  upon  the  shaft  B.  The 
lower  end  of  the  lever  L is  articulated  to  the  rod  N,  on  the  middle  of  which 
the  disc  Q is  fast,  the  periphery  resting  in  contact  with  the  disc  R as  shown. 
The  toothed  wheel  Y,  fast  on  the  shaft  B,  and  the  gearing  X S T,  transmit 
motion  to  the  disc  R,  the  speed  of  which,  of  course,  depends  on  that  of  the 
shaft,  which  is  recorded  by  a counter  through  the  wheels  a z.  As  soon  as 
a traversing  motion  of  the  cylindrical  nut  H takes  place,  the  lever  L is  set 
in  motion,  to  an  extent  recorded  by  the  index  and  graduated  scale  c,  fast 
on  the  turning  pin  of  the  lever.  At  the  same  time  the  movement  of  the 
lever  L shifts  the  disc  Q from  its  normal  position  to  a point  more  or  less 
removed  from  the  centre  of  the  disc  R,  according  to  the  force  applied  to  the 
fast  pulley  A.  If,  now,  the  disc  R is  rotating  it  will,  by  friction,  move 
the  disc  Q,  and  consequently  the  lever  N,  with  a speed  proportional  to  the 
force.  But,  through  the  agency  of  the  pinion  Y fast  on  the  shaft  B,  and 
the  gearing  S T X,  the  disc  R is  revolved  at  a speed  proportional  to  that 
of  the  shaft,  and  from  this  it  follows  that  the  speed  of  the  disc  Q,  which 
varies  according  to  its  distance  from  the  centre,  which  is  due  to  the  move- 
ment of  the  lever  L,  is  proj:)ortional  to  the  effort  transmitted  and  the  distance 
traversed,  that  is  to  say,  to  the  work.  The  number  of  revolutions  of  the 
disc  Q are  recorded  on  the  counter  h by  the  gearing  a z.  The  reading  of 
this  counter  multiplied  by  a coefficient  gives  the  work  transmitted.  In 
the  machines  made  by  MM.  Sautter,  Lemonnier,  and  Co.,  this  coefficient  is 
marked  on  the  springs,  as  well  as  another  coefficient,  which,  multiplied  by 
the  number  indicated  at  any  time  by  the  deflection  of  the  index  c,  gives 
the  effort  exerted  at  that  moment  in  kilogrammes.  This  dynamometer, 
which  appeal's  to  work  well  and  accurately  for  high  speeds,  has  done  good 
service  in  recording  the  power  absorbed  by  dynamo -electric  generators 
driven  at  a speed  of  1500  or  1600  revolutions  per  minute. 

Hamilton  Ruddick. — Ruddick’s  dynamometer  is  one  of  those  which 
are  fixed  directly  on  the  shaft,  taking  the  place  of  the  jiulley  that  would 
otherwise  be  employed  to  transmit  the  power.  It  consists  of  a pulley  C (Figs. 
212  and  213),  a disc  capable  of  turning  about  its  boss,  and  of  two  arms  A and 
B,  fixed,  the  one  to  the  dynamometer  pulley  and  the  other  to  tlie  shaft  H, 
and  connected  to  the  springs  D,  which  are  deflected  pro})ortionally  to  the 
j)ower  transmitted.  The  extremity  of  the  arm  B,  which  is  tlic  one  keyed 
to  the  shaft,  is  connected  at  G to  an  index,  cou})led  by  a drag  link  to  the 
dynamometer  pulley.  The  o})posite  extremity  of  tlie  index  carries  a pencil. 
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which  approaches  more  nearly  to  the  centre  of  the  disc  H,  as  the  power 
exerted  is  greater.  This  disc  has  a motion  of  rotation  imparted  to  it  rela- 
tively to  the  rest  of  the  apparatus,  by  ratchet  mechanism,  put  in  operation  by 


Fig.  212. 


Fig.  213. 


a button  L,  which  is  forced  inwards  by  the  shaft  at  each  revolution  of  the 
pulley.  The  circles  traced  on  the  disc  are  each  marked  with  two  numbers, 
one  indicating  the  turning  force,  and  the  other  the  corresponding  horse-power. 

Valet. — In  the  dynamometer,  illustrated  in  Figs.  214  to  217,  which  is  the 
invention  of  M.  Valet,  the  disc  D,  keyed  upon  the  shaft  E,  drives,  by  means  of 
the  springs  F and  snugs  a,  the  pulley  A,  the  work  of  which  is  to  be  measured. 
The  flexure  of  the  springs  is  transmitted  by  I ^ J K,  to  the  roller  L of  a 


!1 


totaliser,  whose  disc  N,  held  against  the  roller  by  the  spring  J,  gears  with 
the  wheel  d,  mounted  loosely  upon  the  shaft,  and  held  from  rotating  by  the 
support  G.  The  roller  L is  connected  to  the  spindle  of  the  counter  S,  and 
the  whole  of  the  recording  apparatus  is  enclosed  within  a box  P to  protect 
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it  from  dust.  The  position  of  the  axis  I can  be  adjusted  by  a screw  ; the 


Fig.  216. 


further  it  is  from  the  centre  the  greater  the  motion  imparted  to  the  roller  L 
by  the  flexure  of  the  springs, 

T'aurines. — The  dynamometer  of  M.  Taurines,  which  has  been  adopted 
in  the  French  Navy,  is  remarkable  for  its  originality  of  action,  and  for  the 
ingenuity  of  its  construction.  The  driving  shaft  A,  Figs.  218  to  220,  is  coupled 
to  the  driven  shaft  A' , by  means  of  a double  arm  B,  keyed  on  the  shaft  A,  an 
intermediate  cross-piece  C',  loose  upon  A',  and  the  dynamometrical  springs 
D,  connecting  C'  to  the  double  arm  B , keyed  upon  A'.  The  double  arm 
B drives  the  cross-piece  C'  by  the  studs  h h,  the  links  C and  the  studs  c, 
into  which  are  fitted  the  springs  D;  these  springs  act  upon  the  studs  6', 
which  are  free  in  the  holes  h"  of  the  cross-piece,  but  are  fixed  without  play 
in  B'.  The  movements  of  the  springs  T)  are  increased  by  the  auxiliary 
springs  F,  and  the  indicating  springs  H,  connected  to  the  rod  h of  the 
registering  apparatus.  The  bearing  c'  serves  to  isolate  the  dynamometer 
by  locking  the  studs  h'  in  the  holes  h"  of  the  cross-})icce  C,  in  such  a way 
that  C’  is  directly  commanded  by  B', 

It  will  be  noticed  that,  in  this  dynamometer,  the  springs  o})cratc  in 
a longitudinal  direction,  and  their  movements  are  angular  deflections,  or 
variations  of  the  angle  formed  by  the  tangents  drawn  to  their  extremities. 
The  deformation  of  s}>rings  submitted  to  this  kind  of  strain  are  exactly 
pro})ortional  to  the  force  they  transmit,  which  force  may  be  very  con- 
siderable without  injury  to  their  elasticity.  This  method  of  em})loying  springs 
and  amplifying  their  movements  was  first  adopted  by  M.  Taurines,  and 
reflects  great  credit  upon  the  inventor. 
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Fig.  221 
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Neer’s  dynamometer,  like  that  of  Tauiines’,  is  fixed  on  the 
shaft,  the  work  of  which  is  to  be  estimated,  in  place  of  a coupling.  The 
motive  power  is  transmitted  from  the  disc  A (Fig.  221)  to  the  disc  B,  by 
chains  which  pass  round  the  pulleys  D,  and  act  uj^on  the  helical  springs 
attached  to  the  cross  C ; these  springs  are  compressed  according  to  the 
amount  of  force  that  is  being  exerted,  and  their  movements  are  exhibited 
upon  the  indicating  dial  E.  The  two  dials  E and  F are  mounted  upon  a 
collar  loose  upon  a shaft,  and  are  prevented  from  revolving  by  the  finger  c. 
The  endless  screw  v operates  the  index  of  the  counter  F. 

Ayrton  and  Perry. — Tlie  dynamometer  designed  by  Professors  Ayrton 
and  Perry  for  use  in  the  Guilds  Laboratory  is  shown  on  Figs.  222  to  225 
B B'  is  a loose  pulley  used  to  drive  by  means  of  a strap,  any  machine,  such 
as  a dynamo-electric  machine.  F F'  is  a boss  keyed  on  the  shaft  driven  by 
the  motor.  This  boss  has  four  stout  arms.  Fig.  223,  which  are  attached 
by  four  spiral  springs  to  the  rim  of  the  loose  pulley.  When  power  is  being 
transmitted  through  the  springs  they  elongate,  and  their  motion  is  indicated 
by  the  following  means  ; H C is  an  arm  turning  about  a pivot  C on  the  rim 


of  the  loose  pulley  and  moved  by  a link  L L',  attached  at  L by  a pivot 
to  the  arm  at  L'  and  at  the  other  end  to  one  spoke  of  the  keyed  boss  F F'’. 
If  the  loose  pulley  and  the  keyed  boss  receive  an  angular  twist,  the  end  H 
of  the  arm,  to  which  a bright  l)ead  is  attached,  moves  almost  radially  towards 
the  shaft.  The  exact  path  of  the  bead  11  is  shown  in  Fig.  225  for  different 
positions  of  C.  To  measure  the  power  transmitted  by  the  engine  to  tlie 
machine,  all  that  is  necessary  is  to  observe  on  a scale  placed  in  a suitable 
position  the  radius  of  the  circle  traced  out  by  the  bright  bead  H,  and  the 
number  of  rotations  per  minute. 

Latchinoff. — In  the  dynamometer  of  M.  Latchinoft’,  as  in  that  of  Messrs. 
Perry  and  Ayrton,  the  driving  pulley  A (Fig.  226)  actuates  the  })ulley  B by 
the  tension  of  the  s})rings  C,  and  the  effort  transmitted  is  measured  by  the 
amount  that  the  line  n,  upon  the  pulley  B,  diverges  from  zero  of  the  scale 
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marked  upon  A.  This  divergence  can  be  measured,  owing  to  the  phenome- 
non of  persistence  of  vision,  by  regarding  the  line  n through  the  slit  h,  that 
is,  provided  the  speed  of  the  pulleys  is  sufficiently  rapid. 

Darwin. — In  this  apparatus  the  springs  are  replaced  by  the  action  of  a 
weight  W (Fig.  227)  articulated  to  the  parallel  motion  B G 00',  of  which  O O' 
are  the  fixed  points.  The  driving  pulley  N controls  the  loose  pulley  R by 
a chain  passing  from  M over  the  pulley  K,  the  spindle  of  which  L,  carried 
by  N,  has  a second  pulley  J connected  by  a pitched  chain,  which  passes 


through  the  shaft  S to  the  end  A of  the  lower  lever  B G.  If  B C = G A 
= G O,  the  effort  p exerted  at  A,  is  given  by  the  formula 

2^  = W tan  a. 

As  the  displacements  of  the  point  F,  controlling  the  totaliser  C I D are  also 
proportionate  to  tan  a,  it  follows  that  the  number  of  revolutions  of  the 
wheel  I,  shown  by  the  counter,  is  proportional  to  the  work  transmitted  to 
the  pulley  R. 

Matter. — The  apparatus  of  M.  Matter,  Figs.  228  to  232,  is  another 
example  of  dynamometers  of  transmission.  The  power  is  transmitted  from 
the  pulley  C,  keyed  upon  A,  to  the  pulley  D,  loose  upon  A,  by  a series  of 
springs  E,  which  bend  around  guides  F,  so  designed  that  the  angular 
displacements  of  the  pulley  D may  be  proportional  to  the  power  which  it 
receives  from  the  strap  whose  work  it  is  desired  to  calculate.  The  dis- 
placement is  transmitted  by  I I^  H G to  the  platform  K,  the  pencil  of 
which  L traces  upon  the  drum  M the  corresponding  curve  of  power  ; the 
drum  being  driven  by  means  clearly  shown  on  the  figure,  at  a speed 
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proportional  to  that  of  the  shaft  A,  The  same  means  causes  a paddle 
wheel  T to  rotate  in  a movable  vessel  U,  which  is  full  of  water,  and  tends 
to  move  the  vessel  in  spite  of  the  antagonism  of  the  spring  A^,  as  the  sj:)eed 


of  the  dynamometer  increases.  The  flexure  of  the  spring,  suitably  magnified 
by  the  styles  and  traces  upon  the  cylinder  M the  curve  of  speeds,  and 
upon  the  diagram  K a series  of  arcs,  of  which  the  radii,  measured  from  B,  vary 


inversely  as  the  power  transmitted  by  the  dynamometer,  and  turn  tlirough 
angles  increasing  with  tlie  speed.  Fig.  232  represents  the  graduation  of 
the  diagram,  the  arcs  represent  curves  of  equal  effort,  the  ordinates  are 
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proportional  to  the  speed,  the  curves  in  thick  lines  are  isodynamical,  or 
curves  of  equal  powers,  that  is  to  say,  the  loci  of  points  for  which  the 
products  of  the  effort  multiplied  by  the  speed  are  constant.  The  outline  of 
the  curve  traced  by  upon  this  system  allows  of  all  the  variations  of  the 
work  being  easily  followed.  This  dynamometer  of  M.  Matter  has  given 
excellent  results  in  the  establishments  of  MM.  Dolfus  Mieg,  of  Mulhouse, 
Emerson. — The  apparatus  of  Mr.  Emerson,  Figs.  233  and  234,  is  much 
used  in  the  United  States,  and  is  founded  upon  the  same  principle  as  his 
portable  dynamometer  described  above.  The  pulley  A,  whose  work  is  to  be 
measured,  is  driven  from  the  shaft  by  means  of  the  levers  O,  pivotted  at  N 
to  its  rim,  at  M to  the  arms  J,  and  at  their  other  extremities  to  a bell-crank 
which  is  connected  to  the  motor  shaft  by  the  two-armed  coupling  J ; this 
coupling  lever  is  pivotted  at  z.  One  of  the  arms  of  this  bell-crank,  by  means 
of  the  rods  G,  commands  a collar  C,  which  is  coupled  to  the  fork  of  the 
dynamometer  lever  G G^,  whose  other  end  is  connected  to  the  pulley  D of 
a quadrant  arm  suspended  by  the  rod  V.  It  results  from  the  play  of  the 


Fig.  233.  Fig.  234. 


levers,  which  can  be  followed  more  clearly  on  Fig.  234,  that  the  position  of 
the  index  indicates  at  each  instant  the  intensity  of  the  power  transmitted 
to  the  pulley  A.  The  dash-pot  G G moderates  the  oscillations  of  the 
pendulum,  and  the  rods  N allow  the  dynamometer  to  be  connected  to  pulleys 
of  different  diameter  without  any  change  in  the  arms  of  the  lever. 

Smith. — In  the  apparatus  (Fig.  235)  to  which  the  inventor,  Mr.  F.  J. 
Smith,  has  given  the  name  of  Ergometer,*  the  motor  pulley  drives  through 
the  intermediary  of  pinions  M N K,  the  dynamometer  pulley  G,  keyed  upon 
the  shaft  B,  and  connected  to  the  machine  whose  resistance  is  to  be  estimated. 


* Phil.  Mag,,  February,  1883. 
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The  bosses  of  the  pinions  M and  N are  connected  to  straps  E,  and  the  cross- 
head P to  the  dynamometer  spring  A F,  situated  within  the  spindle  B,  in 
such  a way  as  not  to  be  influenced  by  the  centrifugal  force.  The  tensions 
are  indicated  by  the  index  Q,  and  the  revolutions  by  the  counter  R.  Mr. 
Smith  has  also  pro})osed  to  measure  the  power  expended  by  means  of  the 
water  passed  through  a pump  D (Fig.  236),  worked  by  a slide  oscillating 
about  the  point  B,  the  latter  being  driven  by  a connecting  rod  C and 
an  eccentric  upon  the  dynamometer.  The  block  is  slidden  towards  the  point 
A by  an  amount  proportional  to  the  stress  on  the  dynamometer  spring, 
to  which  it  is  connected  by  the  rod  F. 


In  the  dynamometer  rej^resented  in  Fig.  237,  the  pulley  h drives  the 
shaft,  whose  work  it  is  desired  to  measure,  through  the  double  cam  a keyed 
on  the  shaft,  and  impelled  by  the  pressure  of  rollers  pressed  upon  it  by 
springs  d.  The  cam  carries  a quadrant  h,  with  pawls  <j,  which  prevent  the 
pulley  from  recoiling  after  a stoppage,  and  a graduated  arc  upon  which  a 
finger  o indicates  the  work.  To  disengage  the  pawls  (j,  it  is  only  necessary 
to  slacken  slightly  the  strap  upon  their  interior  ends  i. 

Marcel  Dep)rezs  Dijnamo  - Electric  Brahe.  — This  dynamometer  is 
especially  adapted  for  measuring  the  work  absorbed  by  dynamo-electric 
machines,  particularly  those  of  the  Gramme  type.  The  princijfle  of  the 
arrangement  will  be  understood  from  Fig.  238  : It  consists  in  susjiending 
the  Gramme  machine  A by  means  of  two  strong  brackets  mounted  on 
the  knife  edge  F F,  the  lower  edges  of  which  arc  in  the  axis  of  the 
ring ; the  bearings  I of  the  shaft  of  the  ring  are  removed,  and  re})laced  by 
the  bearings  D inde})endent  of  the  frame,  from  which  the  bruslies  are 
also  separated,  so  that  (once  balanced  by  a weight  })laccd  at  the  end  of  the 
lever  K)  it  has  a tendency  to  turn  upon  the  knife  edges,  only  by  tlie  reaction 
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of  the  magnetic  field  developed  by  the  inductors  in  the  ring ; the  field  acts 
on  the  ring  like  the  jaws  of  an  invisible  brake.  If  we  call  P the  weights 
added  to  the  lever  k to  maintain  the  long  indicating  needle  I at  zero,  and  d 
the  distance  of  the  point  of  suspension  of  these  weights  from  the  axis  of 
the  ring,  the  work  T developed  per  revolution  of  the  ring  is  given  by  the 


expression  T = 2 tt  P d.  By  means  of  this  arrangement  M.  Deprez  has 
tested  the  accuracy  of  the  law  expressed  by  the  formula 

E I 

CO  r/ 

in  which  E equals  the  electromotive  force  of  the  current  produced  by  the 
machine,  I the  intensity  of  the  current,  w the  angular  velocity  of  the  ring, 
and  g the  effort  of  gravity. 
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A TESTING  INSTALLATION. 


E have  in  the  tliree  foreofoinof  sections  endeavoured  to  investigate  with 

O O 


sufficient  completeness  for  practical  purposes,  the  various  methods 
by  which  energy,  in  the  three  forms  with  which  this  volume  has  to  do, 
can  be  measured,  and  to  explain  the  principles  on  which  the  methods  we 
have  noticed  are  based.  Before  concluding,  we  propose  to  illustrate  our 
subject  by  describing  a very  complete  installation  for  taking  electrical  and 
mechanical  measurements,  recently  completed  by  Mr.  C.  F.  Heinrichs.  The 
plant  was  laid  down  for  the  purpose  of  an  exhaustive  inquiry  into  the 
efficiency  of  the  Heinrichs  dynamo  machine,*  and  the  experiments  were 
by  Messrs.  Alabaster,  Gatehouse,  and  Co. 

The  investigation  extended  over  a period  of  more  than  five  weeks, 
during  the  first  three  of  which,  numerous  tests  were  taken  for  the  purpose 
of  verifying  the  first  results  obtained,  and  for  calibrating  the  instruments. 
Several  apparatus,  ordinarily  reputed  efficient,  had  to  be  superseded  by 
others  better  adapted  to  the  circumstances  and  conditions  under  which  the 
tests  were  made. 

We  believe  that  the  following  condensed  description  of  the  tests,  and 
of  Mr.  Heinrichs’  experiments,  Avill  be  found  valuable  as  trustworthy 
examples  of  the  methods  in  which  trials  of  dynamo-electric  machines 
should  be  conducted. 

In  the  illustration.  Fig.  239,  we  give  a general  perspective  view  of  the 
entire  plant  employed  in  these  investigations.  In  the  large  room  there  were 
fixed  the  engine,  dynamo  machine  D,  Morin  dynamometer,  lamps,  &c., 
while  in  the  smaller  room  was  the  electrical  testing  apparatus,  consisting  of 
the  following  instruments,  arranged  on  the  table  marked  T 1 : a Siemens 
electro-dynamometer  Cj  for  current  measurements,  an  Ayrton  and  Perry 
voltmeter  Ei  for  measuring  the  difference  of  potential  at  the  terminals  of 
the  machine,  while,  for  tlie  measurement  of  the  resistance  of  the  circuit  a 
Wheatstone  bridge,  jdaced  on  the  same  table,  could  be  connected  up  at  any 
moment. 


* For  a description  of  tliis  machine,  see  “ Klcctric  Illumination,”  Vol.  I.,  p.  ‘2.34. 


Fig.  239.  Heinrichs'  Electrical  Testing  Plant. 
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On  the  table  marked  T 2 in  the  large  room,  several  coils  of  thick  insu- 
lated copper  wire  R were  connected  up  to  a large  compound  switch  S by 
which  they  could  in  succession  be  thrown  into  the  circuit  as  required.  Two 
lamp  circuits  were  so  arranged  that  they  could  be  used  either  independently 
or  together,  with  or  without  additional  resistance.  A second  Siemens 
electro-dynamometer  C2  was  placed  upon  this  table,  and  included  in  the 
circuit  to  act  as  a check  upon  the  other,  or  in  the  event  of  the  first  breaking 
down.  Upon  the  table  T 3,  were  placed  an  Ayrton  and  Perry’s  voltmeter, 
a key  K2,  and  a small  switch  S ; these  instruments  were  connected  with  one 
of  the  eight  straight  carbon  lamps,  and  with  one  of  Mr.  Heinrichs’  circular 
carbon  lamps,  so  that  the  E.M.P.  of  each  lamp  could  readily  be  noted 
during  the  experiments.  The  whole  test  plant  and  the  circuits  were 
permanently  arranged  in  such  a manner  as  to  allow  all  readings  to  be 
taken  simultaneously.  We  shall  refer  later  on  to  these  apparatus,  and  to 
the  methods  by  which  the  readings  were  verified  and  compared  with  each 
other. 

A Morin  transmission  dynamometer  was  employed  for  measuring  the 
mechanical  power  absorbed  by  the  machine,  and,  in  order  to  prevent  un- 
necessary and  possibly  erroneous  calculation  of  the  friction  of  intermediate 
shafts,  the  dynamometer  M was  placed  next  to  the  dynamo  machine. 

The  Morin  Dynamometer. — This  apparatus  is  composed  of  two  distinct 
parts,  the  one  for  receiving  and  transmitting  the  force  to  be  measured,  and 
the  other  for  indicating  its  value.  The  first  part  consists  of  a cast-iron  plate 
E (Fig.  207,  page  229  ante),  which  is  keyed  on  the  dynamometer  shaft,  and 
has  mounted  on  one  of  its  faces  a pair  of  spiral  springs  F F,  placed  symmetri- 
cally at  either  side  of  the  shaft  and  parallel  to  each  other.  These  springs 
are  placed  upon  two  rods,  connected  by  two  crossbars.  The  upper  crossbar 
is  fixed  to  a steel  band  which  passes  over  a pulley  g,  and  is  attached  to  the 
arm  h (partly  shown  in  the  drawing).  The  arm  h is  fixed  to  the  pulley  B 
(shown  in  dotted  lines).  The  upper  crossbar  is  further  fixed  to  a rack 
which  is,  through  a pinion,  in  gear  with  a rod  moving  freely  in  the  centre 
of  the  shaft,  and  extending  at  one  end  from  the  shaft.  On  power  being 
applied  to  the  pulley  D,  the  force  exerted  will  be  transmitted  through  the 
steel  band  jp  to  the  pulley  B,  at  the  same  time  compressing  the  springs  F F 
to  an  extent  corresponding  to  the  tractive  force  applied  through  the  driving 
belt  and  the  resistance  opposed  by  the  machine  to  be  driven.  The  com- 
pression of  the  springs  represents  the  value  of  the  force  exerted ; and  since 
the  upper  crossbar  is  geared  to  the  rod  in  the  centre  of  the  shaft,  the 
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amount  of  compression  of  the  springs  will  be  indicated  by  the  rod  being 
drawn  into  the  shaft  as  the  springs  become  compressed.  The  rod  terminates 
in  a hat  head,  bevelled  to  an  acute  angle  at  its  circumference,  which  serves 
as  an  index  to  a graduated  scale  hxed  above  it,  and  upon  which  the  varia- 
tion in  the  pressure  of  the  spiral  springs  can  be  read  off. 

To  the  shaft  of  this  dynamometer,  and  revolving  with  it,  an  electrical 
contact  breaker  was  fixed,  by  which  one  of  Mr.  Kempe’s  electrical  revolution 
counters  was  actuated;  this  instrument  is  shown  on  the  table  near  the  electro- 
dynamometer. Repeated  tests  were  taken  of  the  dynamo,  and  the  horse-power 
absorbed  was  calculated  from  the  indications  of  the  Morin  apparatus.  During 
these  tests  it  appeared  that  the  dynamo  gave  varying  percentages  of  efficiency, 
as  regards  the  power  converted  into  current.  This  was  against  Mr.  Heinrichs’ 
expectation  and  calculation,  since,  whatever  the  commercial  efficiency  might 
prove  to  be,  he  had  deduced  from  his  own  theory  of  the  action  of  a ring 
armature,  that  his  machine  must  give  at  all  numbers  of  revolutions  (within 
usual  limits)  approximately  the  same  of  efficieney  in  converting 

mechanical  into  electrical  energy,  whilst  machines  of  the  Gramme  principle 
could  only  show  the  highest  efficiency  in  that  respect  at  the  highest  speed 
when  the  armature  acquires  but  little  magnetism. 

The  Morin  dynamometer  was  then  subjected  to  careful  examinations 
and  tests,  during  which  it  appeared  that  the  centrifugal  force  of  its  moving 
parts  increased  considerably  with  an  increase  of  speed.  It  was  then  decided  to 
take  dynamic  tests  with  a Prony  brake,  and  to  compare  the  readings  with 
each  other.  Great  difficulties  had  to  be  overcome  before  the  Prony  brake 
could  be  relied  upon,  but  it  was  eventually  proved  that  the  Morin  dynamo- 
meter gave,  with  high  speeds,  figures  below  the  truth,  and  at  low  speeds, 
figures  above  the  truth.  This  led  to  the  abandonment  of  all  direct  calcula- 
tions of  horse-power  from  the  indications  of  the  Morin  apparatus.  These  indi- 
cations were  observed  and  recorded  during  the  electrical  tests,  and  afterwards 
a Prony  brake  was  put  on  the  dynamo,  and  the  readings  previously  obtained 
on  the  dynamometer,  when  the  power  of  the  machine  was  converted  into 
electrical  energy,  were  reproduced  when  the  power  was  being  op})osed  by  the 
friction  of  the  Prony  brake,  which  could  be  exactly  measured. 

In  this  arrangement  it  matters  little  what  kind  of  transmission  dynamo- 
meter is  employed,  since,  whatever  disturbing  influence  the  centrifugal  force 
of  the  moving  parts  of  the  dynamometer  has  u])on  the  indication  during  the 
electrical  tests,  the  same  will  take  place  whenever  the  Prony  brake  absorbs 
the  same  power,  at  a given  speed,  as  the  electrical  work  did. 
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The  Prony  Brake. — Notwithstanding  the  great  simplicity  of  the  Prony 
brake,  it  was  found  that  considerable  difficulties  attend  its  use  in  in- 
experienced hands,  and  that  little  assistance  is  to  be  gained  from  books,  as 
few  data  as  to  the  proper  size  and  conditions  of  the  brake  for  varying  values 
have  been  published.  Fig.  240  is  an  illustration  of  the  ordinary  pattern  of 
this  well-known  brake.  From  experiments  made  by  M.  Poncelet  in  France 
it  was  found  that  under  some  circumstances  the  long  lever  may  itself 
tighten  the  grip  of  the  jaws.  In  order  to  remove  this  inconvenience,  which 
sometimes  produces  false  results,  M.  Poncelet  made  the  two  levers  of  equal 
length,  and  placed  one  screw  only  near  the  point  A,  Fig.  241.  The 
flexibility  of  the  wood  allows  gradual  tightening  of  the  jaws,  whidi  con- 


Fig.  240. 


tributes  greatly  to  the  maintenance  of  the  uniform  friction,  without  which 
no  measurement  can  be  made.  In  order  to  maintain  a stable  equilibrium 
of  the  brake  lever,  M.  Poncelet  did  not  place  the  weight  at  the  point  A, 
as  in  Fig.  240,  but  at  the  end  of  a vertical  bar  B,  fixed  to  the  one  jaw. 
Thus  whenever  the  lever  of  the  construction  shown  in  Fig.  240  rises,  the 
effective  weight  becomes  diminished,  but  in  Fig.  241  the  arm  through  which 
the  weight  acts,  increases  slightly,  as  can  be  seen  from  the  dotted  lines. 
During  the  application  of  the  brake  it  happens  sometimes  that  the  lever  rises 
through  some  trifling  irregularity,  and  if  the  weight  be  diminished,  the 
difficulty  increases ; but  when,  as  in  Fig.  241,  the  weight  is  increased,  it 
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will  overcome  the  momentary  irregularity,  and  bring  the  lever  to  its  position 
of  oc|uilibriinn.  For  the  purpose  of  this  investigation  Mr.  Heinrichs  decided 
to  employ  a similar  brake,  and  adopted  the  form  we  show  in  Fig.  242. 

The  second  bolt  is  here  retained  to  prevent  the  levers  bending  outwards. 
A small  plummet  is  arranged  near  the  end  of  the  brake  lever  to  indicate 
when  it  is  in  the  level  position,  both  during  the  experiment  and  during  the 
subsequent  process  of  weighing  the  lever  and  scale. 

The  friction  of  the  brake  during  the  test  must  be  perfectly  uniform,  so 
that  the  equilibrium  of  the  levers  can  be  maintained  for  some  considerable 
time,  to  allow  the  weights  to  be  properly  adjusted  in  the  scale.  Although 
the  construction  of  the  lever  is  of  great  importance,  the  proportion  of  the 
brake,  as  will  be  shown,  is  still  more  important. 

At  first  a brake  was  employed  2 feet  long  and  1^  inch  wide,  the  brake 
pulley  being  4 inches  in  diameter.  It  was  used  during  a test  when  the 
pulley  made  1615  revolutions  per  minute.  The  total  weight  on  the  scale 

was  4.11  pounds,  and  the  power  measured  was  2.5  horse  power.  During 

this  test  the  friction  of  the  brake  was  uniform,  and  a perfect  balance  of  the 
lever  was  obtained,  the  lever  being  sensitive  to  ^ an  ounce.  But  in  a subse- 
quent experiment,  in  using  the  same  brake  for  a measurement  of  6 horse- 
power, the  apparatus  failed,  the  friction  becoming  so  irregular  that  the 
belts  were  thrown  off.  At  first  it  was  thought  that  the  small  tank  «'2 
did  not  contain  a sufficient  quantity  of  soap  and  water,  and  that  the 
irregularity  in  the  friction  was  due  to  the  soap  and  water  becoming  warm. 
A second  and  larger  tank  was  then  connected  with  the  small  one,  but  with- 
out affecting  the  result.  A larger  brake  was  then  made,  being  2 feet 

long  by  2^  inches  wide,  with  a brake  pulley  of  6 inches  diameter,  and  this 

brake  was  used  during  the  following  tests  : 


Number 
of  Test. 

Number  of  Revolutions 
of  Brake  Pulley. 

Weight  on  the  Scale 
in  Pounds. 

Horse  Power 
Measured. 

1 

9G0 

15.75 

5.G9 

5 

1G80 

12.1 

7.74 

6 

1G80 

10.4 

G.GG 

During  the  tests  5 and  6 the  brake  acted  admirably,  the  lever 
responding  freely  when  one  ounce  was  added  or  withdrawn  from  the  scale. 


A Testing  Installation  : Prony  Bi'ake. 


247 


During  the  test  No.  1 the  friction  appeared  slightly  irregular,  showing 
that  the  limit  of  the  brake  had  been  reached  ; still  a reliable  test  was 
obtained. 

On  repeating  the  first-mentioned  test  of  2.5  horse-power  with  the  large 
brake  it  was  found  that  the  brake  acted  indifferently,  and  it  was  not  sensitive 
at  all,  half  a pound  of  large  shot  could  be  added  or  withdrawn  from  the 
scale,  but  the  lever  did  not  respond,  and  it  became  clear  that  the  frictional 
surface  of  the  brake  was  too  large  for  so  small  a measurement. 

It  follows,  evidently,  from  what  has  been  stated,  that  a certain  size  of 
brake  can  only  be  used  within  a limited  range. 

The  following  dimensions  of  brakes  are  deduced  from  the  experiments  : 


To  Measure 

Number  of  Revolutions 
of  Brake  Pulley. 

Size  of  Brake. 

Diameter  of 
Brake  Pulley. 

( 

1200  to  1800 

2 ft.  long,  lit  in.  wide 

4 inches 

From  2 to  5 horse-power  < 

( 

700  to  1200 

2 ft.  long,  2J  in.  wide 

6 inches 

( 

1200  to  1600 

2 ft.  long,  2.^  in.  wide 

6 inches 

From  5 to  8 horse-power  -< 

( 

800  to  1200 

2 ft.  long,  4 in.  wide 

6 inches 

The  following  remarks  will  probably  be  found  useful  in  making 
measurements  with  this  apparatus,  for  they  explain  the  conditions  to  be 
observed  in  order  to  obtain  reliable  results  : 

If  the  frictional  surface  of  the  brake  be  too  small,  the  friction  will  be 
found  very  irregular,  and  sudden  and  powerful  shocks  will  be  noticed,  which 
are  produced  by  the  wooden  jaws  seizing  the  brake  pulley  for  want  of 
proper  lubrication. 

But  if,  on  the  other  hand,  the  friction  surface  of  the  brake  be  too  large, 
the  brake  will  act  indifferently,  a considerable  weight  may  be  added  to,  or 
withdrawn  from,  the  scale  without  the  position  of  the  lever  being  affected. 
The  brake  was  found  to  be  most  sensitive  whenever  the  pressure  per  unit 
of  surface  was  such  that  a firm  grip  was  obtained  of  the  pulley,  and 
yet  the  rubbing  surfaces  were  kept  lubricated.  If  this  pressure  were 
exceeded,  the  lubrication  was  stopped,  the  brake  pulley  became  hot, 
and  expanded,  and  the  wood  swelled,  consequently  the  grip  became 
irregular,  and  sometimes  rigid,  stopping  the  rotation  instantly.  If  the 
pressure  be  so  small  as  to  allow  jarring  or  vibration  to  be  established 
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between  the  frictional  surfaces,  then  the  instrument  loses  its  sensitiveness, 
and  there  is  great  liability  to  get  the  most  untrue  results.  In  making  a 
series  of  tests  the  most  convenient  plan  will  be  to  take  a very  wide  brake 
pulley,  and  sevei'al  brake  levers  of  different  widths.  At  the  commencement, 
rather  a narrow  brake  should  be  used,  and  if  the  friction  be  found  irregular, 
then  a broader  one,  until  a very  substantial  friction  grip  be  obtained,  and 
yet  without  any  symptoms  of  seizing.  The  most  favourable  pressure  is 
characterised  by  extreme  sensitiveness,  so  that  if  one  ounce  be  added  to,  or 
withdrawn  from  the  scale,  the  lever  will  respond  freely.  A very  great 
quantity  of  cold  soap  water  must  be  on  hand,  and  must  continually  be 
applied  to  the  brake  pulley,  which  must  be  kept  perfectly  cool. 

The  horse-power  absorbed  by  the  brake  is  found  by  the  following  well- 
known  formula  : n being  the  number  of  revolutions  of  the  brake  pulley  per 
minute,  I the  length  of  the  lever  in  feet,  and  lu  the  effective  weight  in 
pounds : 

_7I■x2^x^(?x?4  I w n 
33,000  ""  5252 

omitting  decimals. 

We  shall  now  describe  the  apparatus  employed  for  counting  the  exact 
number  of  revolutions  of  the  dynamo.  As  before  stated,  Mr.  Kempe’s 
revolution  counter  was  connected  up  with  a revolving  contact  breaker, 
which  was  fixed  on  the  shaft  of  the  Morin  dynamometer.  The  counter 
was  fixed  upon  table  T 2 and  a key  interposed  in  the  circuit.  On  de- 
pressing the  key  for  one  minute  the  exact  number  of  revolutions  of  the 
Morin  dynamometer  was  read  off'  the  counter,  and  since  it  had  appeared 
from  tests  made  with  mechanical  counters,  that  for  one  revolution  of  the 
Morin  dynamometer  the  dynamo  made  exactly  two,  thus  from  one  reading 
of  the  counter  the  number  of  revolutions  of  the  machine  and  those  of  the 
dynamometer  were  known  at  the  same  time.  Mr.  Kempe’s  electrical 
counter  is  no  doubt  a most  convenient  instrument,  for  it  can  be  placed  far 
away  from  the  machinery  and  the  most  exact  reading  be  taken.  The  very 
ingenious  construction  allows  all  the  jiointers  to  be  put  at  zero  after  each 
test,  and  so  obviates  unnecessary  calculations. 

Kempe  and  Feryusons  Electrical  Revolution  Counter. — The  metal  frame 
F F F F (Figs.  243  to  245),  in  which  is  mounted  the  wliole  mechanism,  is 
arranged  within  a wooden  casing.  In  the  frame  F F are  fitted  seven  pinions 
a,  h,  c,  d,e,f,  y ; to  each  of  the  pinions  h,  c,  d,  e,  f,y  is  fitted  a small  cam  o j 
and  to  each  of  the  pinions  c,  d,  e,  f,  y is  fitted  a multiplying  wheel  having  ton 
times  as  many  teeth  as  the  pinions.  These  niulti})lying  wheels  do  not  gear 
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into  the  pinions  as  in  other  counters  of  similar  construction,  but  are  free  of 
each  other.  Upon  the  frame  F F is  fixed,  free  to  move,  a second  frame 
A A,  which  carries  five  wheels  h,  i,  k,  I,  m ; these  five  wheels  are  of  the  same 
size  as  the  midtiplying  wheels,  and  are  so  arranged  as  to  connect  the  five 


Fig.  245. 

multijDlying  wheels  and  the  seven  pinions  with  each  other,  and  whenever  the 
instrument  is  in  operation,  and  the  magnet  M attracts  and  releases  its 
armature,  the  escapement  lever  L actuates  the  ratchet  wheel  R,  and  so  sets 
the  pinions  a in  motion  ; the  counter  will  thus  act  as  any  ordinary  electrical 
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counter.  We  shall  now  describe  the  very  ingenious  mechanism  by  which 
the  pinions  h,  c,  d,  e,  f,  g,  with  their  pointers,  are  placed  at  zero. 

On  turning  the  shaft  H by  the  handle  the  cams  and  fixed  to 
the  shaft,  are  brought  into  action.  The  cam  pushes  the  frame  A A to  the 
right,  causing  it  to  recede  from  the  main  set  of  pinions,  since  the  two  pins  p' 
and  are  fitted  into  the  frame  A A,  and  slide  in  the  \f  formed  recess  x x 
in  the  frame  F F.  Thus  the  main  set  of  pinions  and  multiplying  wheels 
are  disengaged  and  become  free.  On  further  turning  the  handle,  the 
second  cam  becomes  engaged  in  the  bar  B B.  This  bar  has  seven  recesses 
in  which,  when  at  rest,  the  small  cams  o,  o,  o,  o,  o,  o can  turn  unhindered ; 
but,  whenever  this  bar  is  pushed  by  the  cam  to  the  left,  the  small  cams 
0,  0 will  be  forced  to  turn,  so  that  their  flat  parts  slide  upon  the  bar  B B, 
and  thus  place  the  pinions  and  the  pointer  at  zero,  as  shown  in  Fig.  245- 
On  further  turning  the  handle  H the  cam  disengages  itself  from  the  frame 
A A,  and  the  bar  B B is  pulled  back  by  the  spiral  springs  ; the  five 

wheels  then  engage  again  into  the  pinions  and  five  multiplying  wheels,  which 
are  still  held  by  the  bar  B B.  But  as  soon  as  the  whole  wheels  are  again  in 
gear,  the  cam  C‘^  releases  the  bar  B B,  which  is  then  pulled  back  by  the  spiral 
spring  thus  leaving  the  small  cams  o,  o,  o,  o,  o,  o free,  and  the  counter 
is  ready  for  a new  experiment. 

This  very  interesting  and  original  instrument  has  been  of  great  service 
during  the  tests  before  us,  and  whenever  a perfectly  steady  working  engine 
is  used  during  an  experiment,  no  further  and  more  reliable  counter  is 
required. 

The  engine  employed  by  Mr.  Heinrichs  in  these  tests  was  a port- 
able eight-horse  power  engine  by  Messrs.  Marshall,  of  Gainsborough.  The 
speed  could  not  be  always  maintained  so  steady  as  was  desired,  particularly 
during  the  measurement  with  the  Prony  brake,  when  the  weight  on  the 
brake,  the  number  of  revolutions,  and  the  indications  on  the  Morin  dynamo- 
meter, had  to  be  observed  at  the  same  instant  of  time.  Too  much  time  was 
wasted  in  re-counting  the  number  of  revolutions,  and  it  became  evident  that 
an  instantaneous  speed  indicator  was  required.  A Harding’s  speed  indi- 
cator was  then  selected,  fixed  upon  table  T 2,  and  connected  to  the  machine 
by  a belt  as  shown  in  Fig.  239- 

Harding’s  Sj)eed  Indicator. — This  instrument  consists  mainly  of  two 
fans  arranged  independently  of  each  other  in  a casing.  One  of  the  fans 
is  rotated  by  the  machine,  of  which  the  speed  is  to  be  indicated.  The 
rotation  of  this  fan  produces  a current  of  air,  which  tends  to  rotate  the 
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second  fan,  that  is  attached  to  the  second  pointer  spindle,  but  its  rotation 
is  counteracted  by  the  action  of  a spring. 

Fig.  247  of  the  accompanying  drawings  is  a vertical  section  of  the 
apparatus,  in  which  the  shaft  1 driven  through  the  pulley  2 carries  the  first 
fan  3.  By  the  side  of  this,  but  not  touching  it,  the  second  similar  fan  4 is 
carried  by  a small  steel  shaft,  sensitively  mounted,  one  end  of  which  projects 
through  the  front  of  the  case,  where  it  carries  the  needle  or  index  6. 


As  this  index  is  kept  back  to  the  zero  point  on  the  dial  by  the  action  of  the 
spring  7 (best  seen  in  the  front  view.  Fig.  248)  the  greater  or  less  speed 
imparted  to  the  first  fan  3 overcomes  more  or  less  the  resistance  of  the  spring 
7 which  retains  the  second  fan  4,  and  the  position  of  the  needle  6 on  the 
dial  shows  the  increase  of  the  speed. 

This  instrument  seems  to  answer  very  well  the  usual  demands,  but 
it  is  somewhat  sluggish  in  its  backward  indications. 

A Young’s  speed  indicator  was  then  tried,  of  which  favourable  reports 
had  been  given.  The  apparatus  is  used  as  an  ordinary  mechanical  speed 
counter,  though  it  shows  instantaneously  the  number  of  revolutions  of  the 
shaft. 

Young's  Sp>eed  Indicator. — It  consists  of  a small  high-speed  centrifugal 
governor,  so  constructed  as  to  prevent  a shock  to  the  apparatus  by  it  being 
suddenly  brought  into  contact  with  a shaft  rotating  at  a high  speed.  This 
centrifugal  governor  acts  upon  a pointer  on  the  top  of  the  apparatus,  and 
thus  indicates  the  number  of  revolutions. 

In  Figs.  249,  250,  and  251,  A,  A\  are  the  governor  balls  which  are  pro- 
vided with  arms,  and  are  connected  by  means  of  serews  to  the  links  h h ; these 
are  also  coupled  in  a similar  manner  to  the  sleeve  or  sliding  bush  B,  the  arms 
being  coupled  to  the  flywheel  P in  the  manner  shown.  The  flywheel  P 
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is  fitted  upon  the  spindle  D in  such  a manner  that  when  the  said  spindle  is 
rotated,  the  flywheel  will  be  carried  round  with  it  by  friction  as  soon  as  the 
inertia  of  the  flywheel  is  overcome.  The  spindle  D passes  through  the 
casing  to  receive  the  carrier  Lb  The  pinion  V'  is  fixed  upon  the  spindle  D, 
and  gears  with  the  spurwheel  m fixed  on  the  spindle  M,  which  passes 
through  the  casing  to  receive  the  said  carrier. 


The  sleeve  or  sliding  bush  B is  constructed  with  a circular  groove,  into 
which  fit  two  arms  of  the  rod  Q,  the  said  rod  being  carried  in  lugs  on  the 
frame  Qb  and  being  free  to  slide  tlierein.  11  is  a toothed  segment  pivotted 
upon  the  frame  Q*,  and  provided  with  a slot  tlirough  which  })asses  the  pin  /’b 
the  said  pin  being  capable  of  adjustment  in  the  said  slot,  and  being  secured 
by  means  of  a nut  upon  one  end  of  it.  The  pin  at  its  other  end  fits  into  a 
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slotted  arm  <f  fixed  on  the  rod  Q.  By  means  of  this  arrangement,  motion 
is  imparted  by  the  sleeve  or  sliding  bush  B to  the  segment  B,  which  actuates 
the  index  or  pointer/  by  means  of  the  })inion /^ ; this  gears  with  the  toothed 
segment  R,  and  is  fixed  on  the  spindle  of  the  index. 

This  instrument  operates  as  follows  : The  carrier  being  placed  upon 
either  of  the  spindles  D or  M is  thrust  against  the  centre  of  one  end  of  the 
shaft  whose  speed  is  to  be  indicated,  and  the  governor  is  thereby  caused 
to  rotate  owing  to  the  friction  between  the  spindle  D and  flywheel  P ; 
the  balls  A,  A\  flying  outwards  by  reason  of  the  centrifugal  force,  draw  the 
sleeve  or  sliding  bush  B towards  the  flywheel  P,  thereby  compressing  the 
spiral  spring  O,  and  at  the  same  time  acting  upon  the  rod  Q to  cause  it  to 
move  in  the  bearings ; by  this  movement  the  slotted  arm  (f  is  caused  to  act 
upon  the  pin  and  thus  turn  the  toothed  segment  R upon  its  pivot ; the 
toothed  segment  acts  upon  the  pinion  /^,  and  thereby  moves  the  index  or 
pointer / so  that  it  indicates  upon  the  outer  figures  of  the  dial  the  number 
of  revolutions  per  minute  of  the  governor,  and  (if  the  carrier  is  upon  the 
spindle  D,  as  shown)  of  the  shaft  against  which  such  carrier  is  thrust.  If 
the  carrier  is  placed  upon  the  spindle  M,  the  speed  of  the  shaft  against  which 
it  is  thrust  will  be  indicated  upon  the  inner  figures  of  the  dial. 

This  instrument  has  been  of  the  greatest  value  during  the  tests  with 
the  Prony  brake.  It  showed  most  correctly  the  right  number  of  revolutions, 
as  was  proved  during  repeated  check  tests  of  the  Young’s  speed  indicator, 
Kemp’s  electrical  counter,  and  a mechanical  counter. 

Having  now  explained  all  the  important  apparatus  which  were  used 
during  these  extremely  interesting  tests,  we  shall  now  describe  the 
experiments  themselves,  and  manner  in  which  the  tests  were  made. 

The  Tests. — Preliminary  tests  were  taken  on  each  occasion,  and  the 
results  compared  with  each  other.  Calculations  of  the  electromotive  force 
from  the  current,  multiplied  by  the  resistance ; calculations  of  the  re- 
sistance from  the  electromotive  force  divided  by  the  current,  and  of  the 
current  from  the  electromotive  force  divided  by  the  resistance,  were  made, 
and  when  all  calculations  closely  corresponded  with  the  results,  read 
off  the  instruments,  then  the  final  tests  were  taken  off.  The  voltmeters 
were  several  times  compared  by  Messrs.  Alabaster,  Gatehouse,  and  Co. 
with  a standard  of  electromotive  force  of  known  value.  The  results  of 
the  final  tests  were  also  compared  with  each  other,  and  only  those  read- 
ings were  accepted  of  which  the  cross  calculations  showed  them  to  be 
correct,  and  of  such  tests  only  were  power  measurements  taken.  All 
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readings  of  the  several  instruments  were  taken  simultaneously  by  Mr. 
Heinrichs’  staff,  and  by  the  staff  of  Messrs.  Alabaster,  Gatehouse,  and  Co. 
conjointly,  thus  insuring  the  correctness  of  the  results.  Our  large  illustra- 
tion (Fig.  239)  shows  the  whole  staff’  at  work,  taking  power  measurements. 
The  observer  on  the  farther  side  of  the  dynamo,  takes  with  the  Young’s  speed 
indicator  the  number  of  revolutions  of  the  generator,  whilst  the  observer  at 
the  Morin  dynamometer  reads  its  indications  and  calls  them  out,  enabling 
the  operator  at  the  Prony  brake  to  adjust  the  weight  on  the  scale. 

Whenever  the  correct  number  of  revolutions  of  the  dynamo  and  the 
indication  of  the  Morin  dynamometer  were  reproduced  from  the  previous 
electrical  test,  and  the  lever  of  the  Prony  brake  swung  in  the  centre  between 
the  two  stops,  i.e.,  in  the  level  position,  then  the  same  power  was  absorbed 
by  the  Prony  brake  as  was  absorbed  in  the  production  of  the  current  in  the 
previous  experiments.  Having  adjusted  the  weights  in  the  scale,  the  speed 
of  the  engine  was  first  reduced,  and  then  again  increased  very  gradually  until 
the  required  speed  was  attained.  At  this  point  the  reading  of  the  Morin 
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(series  wound). 

A.— VALUES  MEASURED. 


Number  of  Test. 

E.M.F.  at  Terminals 
of  Dynamo. 

Current  in  Circuit  in 
Amperes. 

Resistance  in 
(Warm). 

Ohms. 

Prony  Brake. 

Morin  Dynamometer. 

j Dynamo. 

External  Circuit. 

j Total. 

[ Number  of 
Revolutions  of 
Brake  Pulley. 

Weight  on  Scale 
in  Pounds. 

] Length  of  Lever 
1 in  Feet. 

Indication 
when  Loaded. 

Indication 
when  Driving 
Dynamo  Empty. 

Indication  pro- 
duced by  the 
Centrifugal  Force. 

No. 

e. 

c. 

R — r. 

r. 

R. 

n. 

X, 

1. 

K‘. 

K". 

K". 

1 

94 

29 

1.68 

3.23 

4.91 

960 

15.57 

2 

8 

1.5 

1 

0 

120.5 

17.4 

1.83 

6.82 

8.25 

1100 

8.5 

2 

6 

2 

1.5 

.3 

171 

17.3 

1.64 

9.9 

11.54 

1400 

8.843 

2 

8 

3.5 

3 

4 

168.7 

17 

1.73 

— 

— 

1500 

8.3 

2 

8.5 

4.5 

4 

r> 

202 

23 

1.84 

— 

— 

1680 

12.1 

2 

13.75 

5.5 

5 

6 

197.6 

21.01 

1.76 

9.38 

11.14 

1680 

10.122 

2 

12 

.5.5 

5 

7 

212 

12.63 

1.73 

— 

— 

1 850 

5.718 

2 

12 

8.40 

7.75 

* 

187 

25.9 

— 

— 

— 

1680 

— 

— 

— 

— 

— 

* 

188 

21 

1.88 

9.1 1 

10.99 

1660 

10.375 

2 

12 

.5.5 

5 
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B.— VALUES  CALCULATED. 


Number  of  Tests. 

Total  E.M.F. 

Resistance 
IN  Ohms. 
(Waem). 

Circumferential 
Speed  of  Armature 
per  Minute  in  Feet. 

Total  Number  of 
Watts. 

Number  of  Watts 
of  External  Circuit.  | 

Value  of  Total 
Current  in  HP. 

Value  of  Current 
Appearing  in  Exter- 
nal Circuit  in  HP. 

HP.  Measured  by 
the  Prony  Brake. 

HP.  Absorbed  by 
the  Friction  of 
the  Dynamo. 

Total  HP.  Absorbed 
by  the  Dynamo. 

1 External 
Circuit. 

Total. 

No. 

E. 

r. 

R. 

s. 

W. 

W. 

E.  HP. 

E.  HP. 

HP. 

* 

HP. 

1 

HP. 

1 

142 

— 

— 

2100 

4129 

2716.4 

5.53 

3.64 

5.69 

.43 

6.12 

2 

150.2 

— 

— 

2400 

2619 

2065 

3.51 

2.767 

.3.56 

.44 

4.0 

3 

200 

— 

— 

3100 

3454 

2966 

4.63 

3.97 

4.7 

.5 

5.2 

4 

198 

8.17 

9.9 

3300 

3361 

2867 

4.51 

3.84 

4.59 

.5 

5.09 

,5 

234 

8.78 

10.52 

3700 

5619 

4646 

7.53 

6.23 

7.74 

.51 

8.24 

6 

234 

— 

— 

3700 

4917 

4141 

6.59 

5.55 

6.66 

.51 

7.17 

7 

234 

16.7 

18.43 

4000 

2953 

2677.6 

3.95 

3.58 

4.03 

.7 

4.73 

* 

1 * 

230-8 

— 

— 

3700 

4817 

4017.5 

6 45 

5.4 

6.55 

.5 

7.05 

C.— EXTERNAL  CIRCUIT.  D.— PERCENTAGE  OF  EFFICIENCY. 


Number 
of  Test. 

Description. 

E.M.F. 

of  Lamp. 

Absorbed  i 
Power 
Converted 
into 

Current. 

Total 

Power 

Converted 

into 

Current. 

Ratio  of 
Total 
Current 
appearing 
in  External 
Circuit. 

Ratio  of 
Absorbed 
Power 
appearing 
in  External 
Circuit. 

Ratio 
of  Total 
Power 
appearing 
in  External 
Circuit. 

No. 

r. 

e 

I. 

II. 

III. 

IV. 

V. 

1 

Wire  resistance . 



97 

90 

65.8 

64 

60 

2 

— 

98.4 

88 

78.5 

77.4 

69 

3 



98.5 

89 

85.7 

81.5 

76.4 

4 

Cii-cular  carbon  lamp  1 

43 

98 

88.6 

85.4 

83.8 

75.5 

5 

and  wire  resistance  ) 
8 lamps  in  2 parallel  1 
circuits,  4 lamps  in  ' 

45 

97.2 

92.3 

82.6 

80.4 

75.6 

6 

each  circuit  . . ) 

Wire  resistance  . . . 



98.9 

91 

84.2 

8.3.2 

77.5 

7 

4 Lamps  in  series  . . 

48.2 

98 

83.7 

90 

88.5 

75.8 

* 

8 Lamps  in  2 parallel  ) 
circuits,  4 lamps  in  1 

40.5 

1 

each  circuit  . . ) 

Wire  resistance  . . . 

— 

98.4 

91.8 

83 

82.4 

76.5 
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dynamometer  was  again  compared  with  the  weight  on  the  scale,  the  latter 
adjusted,  and,  if  correct,  the  lever  was  maintained  for  several  minutes  in  its 
position  of  equilibrium.  This  process  was  rej)eated  several  times,  and  the 
sensitiveness  of  the  lever  tested  by  putting  very  small  weights  into  the 
scale,  or  withdrawing  them.  If  the  lever  freely  responded,  the  experiment 
was  considered  satisfactory,  and  the  brake  was  then  taken  to  the  weighing 
arrangement  Table  T 4 (Fig.  239). 

This  consisted  of  a pulley,  of  the  same  size  as  the  brake  pulley,  moving 
freely  upon  a very  small  j3in.  A pair  of  scales  were  so  arranged  that,  when 
the  brake  was  fixed  upon  the  pulley,  the  brake  could  be  attached  to  one  of 
the  scales,  and  the  weight  of  the  brake  scale  be  accurately  determined ; this 
arrangement  was  found  to  be  necessary,  as  it  was  impossible  to  keep  small 
quantities  of  soap  water  out  of  the  scale  during  the  tests,  and  these  had  to 
be  accounted  for,  in  such  accurate  experiments,  when  the  weight  on  the 
scale  was  ascertained  to  ^ of  an  ounce.  The  plummet  on  the  brake  here 
also  indicated  the  level  positions  of  the  brake  during  the  weighing. 

From  the  above  description  it  will  be  seen  that  throughout  this  in- 
vestigation, the  greatest  precautions  were  taken  in  order  to  obtain  accurate 
results. 

The  last  two  tests,  marked  with  an  asterisk,  were  taken  by  Mr.  Heinrichs’ 
staff,  in  the  presence  of  Mr.  W.  H.  Preece,  F.R.S.,  on  March  24th,  1884. 
Mr.  Preece  supervised  the  operation,  and  expressed  his  satisfaction  with  the 
manner  in  which  the  tests  were  conducted. 

We  add  here  calculations  of  one  of  the  above  tests. 

Values  Calculated  of  Test  No.  3 (Table  B). 

E = CxR  = 17.3  X 11.54  = 200  volts. 

W = C=  X R = 17.3“  X 1 1.54  = .3453.8  watts. 
w = C“  X 7'=  17. .3“  X 9.91  =2966  watts. 

E.  HP.  = ^ = 4. 63  electrical  horse-power. 

746  746  ^ 

Av  ^ 0 6 G 

E.HP.  = = 7 =3.97  electrical  hor.se-power. 

746  746 


Ahsorhed  Iforse-Power  Calndated from  the,  Prony  Brake  Peadings. 


IIP.  = 


3.1416  x2Zxa;x7i.  nix  1400  x 2 x 8.343 


33,000 


5252 


= 4.7  horse  power. 


Friction  of  the  Dynamo  Calculated  from  the  Indication  on  the  Morin  Dynamometer  and 

Prony  Brake. 

HP.  =(K‘-  K f)  : IIP.  : (K y*-  K o)  : a;  = 4.5  : 4.7  : : .5  :.5  horse-power. 


IIP.  = HP.  -t-  HP.  = 4.7  + .5  = 5.2  total  horse  power. 
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Percentaye  of  Ejficiency. 

1.  = 98.5  per  cent. 


5. 


E.HP. 

_4.63 

IIP. 

■Lf 

E.HP. 

4.63 

HP. 

~'5i2 

w 2966  , 

w Mssis  “ ' 

E.  IIP. 

3.97 

HP. 

E.HP. 

_.3.97 

“hp: 

5.2 

3.  = 


4. 


~ = 85.7  per  cent. 


The  Tables  on  pages  254  and  255  show  eight  complete  tests  taken  of 
the  same  machine,  and  we  can  thus  gather  the  conditions  under  which  the 
machine  will  give  the  best  results.  In  most  other  tests,  only  one  measure- 
ment of  horse-power  appears  to  have  been  taken,  and  it  must  always  be  open 
to  doubt  whether  the  result  may  not  have  been  obtained  through  accident. 
Repetition  is  the  only  sure  means  of  obtaining  accuracy  in  measurements,  and 
there  can  be  no  doubt  that  this  precaution  has  been  well  attended  to  in  the 
tests  of  the  Heinrichs  machine. 

The  efficiency  of  the  machine  has  been  shown  in  five  divisions  in 
Table  D,  viz.  : 

I.  Conversion  of  absorbed  power  into  electric  current.  The  tests 
have  proved  that  the  machine  shows  at  the  different  speeds  approximately 
the  same  percentage  (an  average  of  98  per  cent).  This  fact  was  predicted 
by  Mr.  Heinrichs  as  a conclusion  from  his  theory  of  the  action  of  a ring 
armature.  It  also  appears  that  in  this  machine  hardly  any  Foucault 
currents  are  generated  ; nor  is  there  any  opposing  electromotive  force  set 
up  ; thus  the  highest  electrical  efficiency  is  obtained, 

II.  The  conversion  of  the  total  horse-power  given  to  the  machine  by 
the  prime  mover  {i.e.,  the  Morin  dynamometer  in  this  case)  into  current. 
We  find  the  percentage  almost  as  high  as  most  machines  of  the  same  type 
show  in  the  first  division. 

III.  The  ratio  of  total  electrical  energy  appearing  in  the  external 
circuit  is  65.8  per  cent,  with  a current  of  29  amperes  (evidently  not  the  most 
suitable  condition  of  the  machine),  and  rises  up  to  90  per  cent.,  showing  the 
limit  on  the  other  side.  This  machine  sets  up  a very  high  electromotive 
force  with  very  little  copper  wire  of  low  resistance,  and  it  ought  to  give 
the  highest  results  when  working  in  conjunction  with  incandescence  lamps. 

IV.  The  ratio  of  the  absorbed  power  appearing  in  the  external  circuit. 
The  percentage  obtained  in  this  division  has  wrongly,  in  most  tests,  been 

s 
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called  the  commercial  etficieiicy ; but,  in  fact,  the  power  absorbed  by  the 
friction  of  the  machine  is  eliminated  from  the  calculations.  Those  who 
wish  to  compare  the  commercial  efficiency  of  other  machines  with  the 
Heinrichs  must  refer  to  this  column. 

V.  The  commercial  efficiency,  i.e.,  the  ratio  of  the  total  power  given 
to  the  machine  by  the  prime  mover  (in  this  case  the  Morin  dynamometer) 
to  that  appearing  in  the  external  circuit,  can  be  taken  as  75  per  cent., 
which  is  indeed  the  highest  percentage  shown  by  any  machine  of  the  same 
size  and  type  as  the  Heinrichs,  considering  that  the  figure  stands  sup- 
ported by  repeated  tests. 

In  regard  to  economy,  we  gather  the  following  : The  machine  gives 
to  the  external  circuit  a current  of  48  watts  per  pound  of  copper  wire 
(field  magnets  and  armature),  and  a current  of  280  watts  for  every  pound 
of  copper  wire  on  the  armature.  Further,  it  supplies  one  light  requiring  a 
current  of  12  amperes  and  40  volts  of  electromotive  force  for  every  two 
pounds  of  copper  wire  on  the  armature,  and  for  every  twelve  pounds  of  wire 
on  the  machine.  We  are  informed  that  it  is  a very  inexpensive  machine, 
and  can  be  sold  at  the  rate  of  lOh  per  light  of  2000  candle-power. 


SECTION  IV. 


RECENT  DYNAMO  MACHINES  AND  LAMPS. 


THE  WESTON  SYSTEM  OF  ELECTRIC  LIGHTING* 


is  well  known,  the  United  States  Illuminating  Company  has 
adopted  the  Weston  arc  system,  and  is  using  for  its  incandescence 
system,  the  Maxim  incandescence  lamp  and  the  Weston  machine. 
Both  systems  appear  to  be  working  in  the  most  satisfactory  manner,  and 
are  going  very  largely  into  general  use. 

The  dynamo  embodying  Mr.  Weston’s  recent  improvements  (see 
Fig.  252)  has  been  very  carefully  studied,  not  only  in  its  general  electrical 
and  mechanical  design,  but  in  all  of  its  details.  The  general  construction 
and  arrangement  of  the  Weston  machine  are  already  well  known,f  and  are 
retained  in  the  more  modern  type,  as  will  be  seen  by  the  illustration.  Very 
important  modifications  and  improvements  have  been  made,  however,  which 
add  greatly  to  its  efficiency  and  simplicity.  The  mechanical  design  has 
been  perfected  by  casting  the  supports  for  the  armature  bearings  integral 
with  the  pole-pieces,  thus  securing  strength  and  rigidity  for  the  frame. 
At  the  commutator  end,  the  armature  bearing  is  supported  only  from  the 
lower  pole-piece,  as  the  strain  upon  the  bearing  at  that  end  is,  comparatively 
slight,  and  the  commutator  is  thus  left  open,  and  readily  accessible.  The 
bearing  next  to  the  driving  pulley  is,  however,  supported  by  projections 
from  both  pole-pieces,  arranged  in  the  form  of  an  arch.  But  as  this 
would  produce  a closed  magnetic  circuit  lietween  the  pole-pieces,  to  bring 
the  projecting  supports  together  at  the  shaft,  and  thus  divert  the  lines  of 
force  from  the  armature,  a heavy  brass  bushing,  about  the  shaft,  is  inter- 
posed between  the  supports,  and  firmly  secured  to  them  by  bolts.  The 

The  following  description  of  the  Weston  System  of  Electric  Lighting  first  appeared  in  the  New  Yoik 
Electrician. 

t See  “Electric  Illumination,”  Vol.  I.,  p.  231. 


Fig.  252.  The  Weston  Dynamo  Machine. 


Tim  Weston  Aroiatiu'e. 
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general  arrangeinent  of  the  inachiiie  is  extremely  symmetrical,  and  the 
design  leaves  nothing  to  be  desired  mechanically  or  electrically. 

Probably  the  most  striking  distinctive  feature  of  the  Weston  machine 
is  the  sectional  armature,  which  is  still  retained  in  the  present  machine. 
As  will  be  seen,  however,  the  grooves  for  holding  the  wire  are  made  some- 
what shallower  than  before,  in  order  to  bring  the  coils  up  nearer  to  the  pole- 
pieces  of  the  field,  and  the  end  })lates  have  been  changed  in  shape.  The 


Fig.  253. 


Fig.  254 


armature  core  is,  as  shown  in  Pigs.  253  and  254,  built  up  of  iron  discs,  of 
the  form  shown  in  the  former  figure. 

These  are  secured  together  upon  the  armature  shaft,  but  separated 
somewhat  from  each  other  so  as  to  leave  spaces  between  them.  These 
spaces  serve  to  break  up  the  continuity  of  the  core,  and  thus  prevent  the 
formation  of  induced  eurrents  ; they  also  form  ventilating  spaces.  By  a very 
ingenious  arrangement,  the  armature  is  made  to  act  as  a centrifugal  blower,  to 
maintain  a circulation  of  air  through  the  core  and  about  the  coils,  and  thus 
whatever  heat  may  be  generated  in  them  is  dissi[)ated.  The  coils  are  spread 
apart,  where  they  pass  across  the  heads  of  the  armature,  by  flanged  plates 
(shown  somewhat  removed  from  the  head  of  the  armature  in  Fig.  254)  so  as 
to  leave  an  opening  about  the  shaft  for  the  admission  of  aii',  which  is  taken 
into  the  interior  of  the  armature  and  thrown  out  between  the  coils  by  centri- 
fugal force.  With  a sectional  armature,  and  this  system  of  ventilation,  no 
trouble  whatever  is  experienced  from  heating  of  the  core  or  coils,  although, 
as  is  well  known,  such  heating  was  so  great  with  machines  of  this  type, 
having  solid  armature  cores,  as  to  be  an  almost  insuperable  obstacle  to  their 
use.  The  armature  complete,  with  the  coils  connected  to  the  commutatoi', 
is  shown  in  Fig.  255. 

As  will  be  seen,  the  number  of  sections  in  the  commutator  has  been 
very  greatly  increased,  in  order  to  reduce  the  spark  and  prevent  any 
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tendency  of  the  current  to  discharge  across  from  one  brush  to  the  other. 
The  number  of  sections  formerly  used  was  eight ; in  the  present  machines, 
from  forty-eight  to  one  hundred  and  forty  are  used. 

As  the  amount  of  spark  at  the  commutator  depends  largely  upon  the 
method  in  which  the  armature  coils  are  wound  and  connected  to  the  com- 


Fig.  255. 


mutator,  Mr.  Weston  has  bestowed  much  attention  upon  different  systems 
of  winding,  as  applied  to  cylindrical  armatures.  The  continuous  winding  of 
the  coils  in  a single  closed  circuit,  with  loops  taken  out  to  the  commutator 
sections,  which  was  introduced  by  Gramme,  was  undoubtedly  a very  great 
improvement  upon  any  system  which  had  before  been  used  ; but  this  winding 
cannot  be  applied  to  a cylindrical  armature  without  considerable  modification, 
since  in  winding  coils  upon  a cylinder,  each  coil  fills  up  two  diametrically 
opposite  spaces,  and  the  entire  surface  of  the  cylinder  is  covered  in  winding 
halfway  round,  while  only  half  as  many  loo})s  are  taken  off‘  at  the  junctions 


Fig.  257. 


of  the  coils,  as  there  should  be  sections  in  the  commutator.  To  overcome 
this  difficulty  Mr.  Weston  devised  the  system  of  winding,  of  which  a diagram 
is  given  in  Fig.  256. 

For  the  sake  of  sini})licity,  only  eight  coils  are  shown,  but  it  is  obvious 
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that  the  same  principle  may  be  applied  to  any  other  number.  Supposing^ 
for  instance,  that  the  winding  commences  at  a,  the  coils  follow  the  course 
indicated  by  the  full  lines,  and  at  every  place  where  the  wire  passes  from 
one  coil  to  another,  a loop  is  taken  off  for  connection  with  a corresponding 
segment  of  the  commutator.  After  winding  four  coils,  it  will  be  observed 
that  all  of  the  spaces  on  the  armature  have  been  occupied,  while  there  are 
only  four  loops  for  attachment  to  the  commutator,  and  there  should  be  eight ; 
to  supply  the  remaining  loops  a second  set  of  coils  is  wound,  as  shown  by 
the  broken  lines,  and  loops  are  taken  oft  in  the  same  way  until  the  entire 
surface  of  the  armature  has  again  been  covered,  when  the  last  terminal  of 
the  second  set  of  coils  is  connected  to  the  entering  terminal  of  the  first  set 
at  a.  Supposing  now  that  the  brushes  are  in  contact  with  the  commutator 


plates  connected  with  in,  in,  the  course  of  the  current  through  the  coils  may 
be  traced  by  following  the  direction  indicated  by  the  arrows,  and  it  will  be 
seen  that  the  current  divides  and  passes  through  the  coils  on  each  side  of 
the  dividing  line  from  m at  the  right  to  in  on  the  other  side.  If  any  other 
diametrically  opposite  loops  be  taken,  the  current  will  be  found  to  follow  a 
similar  course.  By  covering  the  entire  surface  of  the  armature  with  the 
first  set  of  coils,  and  then  winding  the  second,  the  second  coils  are  super- 
posed upon  the  first  in  the  manner  shown  in  the  diagram  Fig.  257,  which 
represents  a cross  section  of  the  armature. 

The  white  circles  indicate  the  wires  of  the  second  set  of  coils,  and 
the  black  ones  those  of  the  first.  This  was  found  to  be  objectionable,  as  the 
coils  of  the  second  set  were  not  only  longer  than  those  of  the  first,  but  were 
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brought  up  nearer  to  the  poles  of  the  field,  and  moved  faster,  being  further 
from  the  shaft.  In  consequence,  the  two  sets  were  not  electrically  balanced, 
and  an  objectionable  spark  was  produced  at  the  commutator.  This  difficulty 
was  ovei’come  by  winding  the  coils  of  the  two  sets,  side  by  side,  as  shown  in 
the  diagram  Fig.  258- 

With  this  winding,  all  of  the  coils  occupy  the  same  relative  position 
with  respect  to  the  armature  core  and  the  field  ; and  a perfect  electrical 
balance  is  obtained,  by  which  the  spark  at  the  commutator  is  reduced  to  a 
minimum.  A modification  of  this,  which  is  shown  in  diagram  Fig.  259,  has 
been  found  simpler  to  wind,  and  in  some  respects  more  efficient. 

In  this,  the  coils  of  the  two  sets  are  alternately  super] )osed,  so  that 
both  sets  are,  as  a whole,  undei’  ])recisely  the  same  conditions,  and  are  elec- 
trically balanced.  With  machines  of  the  improved  type,  wound  in  this  way, 
the  spark  on  the  commutator  is  hardly  perceptible. 

In  Fig.  260  i-s  shown  an  ingenious  system  of  connecting  the  coils  with 


the  commutator,  for  use  in  machines  in  which  the  electromotive  force  is 
high.  Coils  are  sometimes  burned  out  in  machines  having  commutators  of 
this  general  type,  by  accidental  short-circuiting  of  two  adjacent  commutator 
sections.  In  the  armature,  of  which  Fig.  260  is  a diagram,  there  are  two 
distinct  sets  of  coils,  rej)resente(l  by  the  white  and  the  black  lines,  which 
alternate  about  the  circumference  ; and  they  arc  connected  to  alternate 
plates  of  the  commutator  as  shown.  It  is  obviously  inqujssible  to  short- 
circuit  any  coil  by  connecting  adjacent  sections  of  the  commutator,  and  the 
chances  of  accidental  connection  between  three  consecutive  sections  are  very 
slight. 

The  great  rigidity  of  the  frame,  and  the  accuracy  with  which  the 
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mechanical  work  on  these  machines  is  clone,  admits  of  running  the  armature 
with  an  extremely  small  clearance  between  its  surface  and  the  pole-pieces  of 
the  field. 

The  cores  and  pole-pieces  of  the  field  magnets  are  made  very  heavy,  so  as 
to  maintain  an  extremely  intense  field,  with  comparatively  little  expenditure 
of  current  energy  ; and  the  pole  projections,  on  the  armature,  bring  a part 
of  the  magnetic  material  of  the  core  almost  directly  into  contact  with  the 
pole-pieces,  so  as  to  concentrate  the  lines  of  force  of  the  field  directly  upon 
the  armature.  All  of  these  features  of  construction  contribute  to  produce 
the  requisite  electromotive  force  with  very  low  internal  resistance,  and  low 
speed. 

The  ratio  Between  the  resistance  of  the  armature  and  the  normal 
resistance  of  the  working  circuit,  in  these  machines,  is  about  one  to  forty, 
indicating  the  remarkably  small  loss  of  only  2^  per  cent,  of  the  current 
energy  in  the  armature. 

Another  important  modification,  shown  in  the  Weston  machine  of  the 
present  type,  is  the  placing  of  the  field  coils  in  derived  circuit,  instead  of  in 
the  main  circuit.  This  arrangement  of  the  field  was  suggested  quite  early 
in  the  history  of  the  dynamo  machine,  but  its  advantages  have  not  been 
properly  appreciated  until  quite  recently.  The  field  coils  are  made  of  very 
high  resistance,  so  as  to  divert  into  the  field  circuit  only  a very  small  part  of 
the  entire  current  (varying  from  2-g  to  5 per  cent,  in  the  different  machines). 
From  the  construction  of  the  machine  there  can  be  but  little  air  friction, 
and  the  friction  at  the  journals  is  quite  small.  The  twenty-light  machine 
runs  at  900  turns  per  minute,  and  gives  a current  of  about  18  amperes,  with 
twenty  lamps  in  circuit,  having  a resistance  of  1^  ohms  each,  or  in  all, 
30  ohms.  The  power  required  is  about  14  horse-power.  This  indicates  an 
extremely  high  efficiency. 

The  Weston  machine  for  running  incandescence  lamps  is  of  the  same 
general  type,  and  is  equally  efficient.  It  has  been  very  carefully  studied 
in  all  its  details,  and  in  one  respect  at  least  calls  for  special  notice. 

Incandescence  lamps  being  run  in  multiple  arc,  instead  of  in  series,  it 
is  necessary  that  the  electromotive  force  at  the  machine  should  be  kept  con- 
stant, and  that  the  current  should  vary  directly  as  the  number  of  lights  in 
circuit. 

It  is  obvious  that  with  a generator  of  constant  electromotive  force  the 

E 

system  would  be  entirely  self-regulating  ; for,  since  Q = if  E be  constant 
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Q Avill  vary  inversely  as  K ; but  in  the  multiple  are  system  of  distribution 
the  resistance  varies  inversely  as  the  number  of  lamps  in  circuit ; and 
accordingly  with  E constant,  Q varies  directly  as  the  number  of  lamps, 
assuming,  of  course,  that  the  lamps  are  uniform. 

Mr.  Weston  has  succeeded  in  constructing  a machine  of  which  the 
electromotive  force  is  constant,  and  practically  independent  of  the  quantity 
of  the  current.  The  most  violent  Huctuations  in  quantity  seem  to  exei-t  no 
appreciable  influence  upon  the  electromotive  force.  As,  for  instance,  with 
the  hundred-light  machine,  ninety-nine  of  the  lamps  may  be  switched  out 
instantly  without  endangering  the  remaining  lamp,  or  perceptibly  affecting 
its  brilliancy.  This  is  a most  I’emarkable  I'esult,  and  its  importance  for  the 
incandescence  system  can  hardly  be  over-estimated. 

It  is  frequently  very  desirable  to  have  some  device  for  varying  the 
electromotive  foi’ce  of  the  machine  within  certain  limits.  For  example,  in 
putting  in  an  incandescence  plant  it  is  seldom  that  the  speed  of  the  armature 
will  be  exactly  that  required  to  give  the  precise  electromotive  force  to 
bring  the  lamps  up  to  the  standard  illuminating  })ow^er.  It  is  also  nearly 
impossible  to  make  the  incandescence  lamps  of  perfectly  uniform  resistance, 
and  this  necessitates  a change  in  the  electromotive  force  to  suit  the  different 
grades  of  lamps.  Sometimes  there  are  places  in  which  the  illuminating 
pow'er  of  the  lamps  must  be  varied  as  a wdiole.  This  is  frequently  the  case 
in  theatres  and  large  buildings,  wdiere  the  full  light  is  not  required  at  all  times. 

In  the  arc  system  it  is  absolutely  necessary  that  the  electromotive  force 
of  the  machine  shall  admit  of  wide  variation,  since  this  is  the  only  really 
satisfactory  method  of  adjusting  the  machine  to  a varying  number  of  lights. 
A special  device  has  been  constructed  to  meet  these  recpiirements. 

It  consists  of  the  rheostat,  wliich  is  showui  in  Fig.  261,  interposed  in 
the  field  circuit.  The  contact  j)lates  shown  in  front  are  connected  with  the 
terminals  of  resistance  coils  of  German  silver  wire  enclosed  in  the  box. 
The  resistance  of  the  field  circuit,  and  consequontl}'  the  amount  of  current 
passing  through  it,  may  bo  varied  by  turning  the  handle  of  the  rheostat,  so 
as  to  adjust  the  machine  for  running  any  number  of  lights,  from  oue  u])  to 
its  full  complement.  This  system  of  regulation  does  not  at  all  disturb  the 
proper  operation  of  the  machine,  as  is  the  case  wliere  the  commutatoi’ 
brushes  are  turned,  or  the  field  ])artially  shunted  out  of  the  circuit.  The 
twenty-light  or  thirty-light  machine  works  as  w^ell  with  one  lamp  as  with 
its  full  complement.  The  same  form  of  rheostat  is  used  with  macbines  for 
running  incandescence  lights  for  the  purposes  we  have  stated  above  ; but 
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unless  it  is  desired  to  vary  the  illuminating  ])Ower  of  all  the  lights,  it  is  not 
used  after  the  first  adjustment  is  made. 

A striking  peculiarity  of  the  Weston  arc  system  is  the  shortness  of  the 
arc  used.  The  Weston  arc  is  somewhat  less  than  length. 

The  arc  in  the  Brush  and  most  other  systems,  is  nearly  -^th  of  an  inch.  In 
the  Weston  system  a current  of  about  18  amperes  is  used,  while  in  the  Brush 
and  most  other  systems  the  current  does  not  exceed  11.  The  only  disad- 
vantage of  the  short  arc  system  is  the  increased  size  of  the  line  conductors 
necessary  for  conveying  the  increased  quantity  of  current  without  too  great 
loss ; but  this  disadvantage  is  more  than  counterbalanced  by  very  decided 
advantages.  More  light  is  olitained  for  a given  expenditure  of  current 
energy,  and  the  light  produced  is  of  much  better  colour.  When  a long  arc 


Fig.  261. 


is  used  there  is  a marked  preponderance  of  the  rays  at  the  violet  end  of  the 
spectrum,  giving  the  light  a bluish  tinge,  which  is  extremel}"  objectionable. 
With  a short  arc,  the  light  approaches  more  nearly  a pure  white,  and  is 
much  more  soft  and  agreeable  to  the  eye.  It  is  also  more  diffusive — that  is, 
it  produces  more  perfect  illumination  at  a distance  from  the  lamp.  The  arc 
is  also  much  steadier.  Slight  impurities  in  the  carbon,  which  produce 
serious  disturbances  with  the  long  arc,  do  not  appear  to  affect  the  short  arc. 

But  by  far  the  greatest  advantage  of  the  short  arc  system  is  the  largely 
decreased  liability  of  injury  to  persons  coming  in  contact  with  the  conductors. 
We  have  no  doubt  that  the  dangers  to  be  apprehended  from  electric  lighting 
apparatus,  as  at  present  constructed,  have  been  largely  over-estimated ; and 
such  dangers  as  really  exist  can  be  overcome  by  proper  care  in  the  use  of 


270 


The  Wesitoi}  Sijsfem. 


the  apparatus.  Experience  has  demonstrated,  however,  that  fatal  accidents 
are  possible  with  many  of  the  systems  now  in  use.  Where  currents  of  very 
hi^h  electromotive  force  are  used,  the  most  extreme  care  is  necessary  for 


Fig.  262. 


avoiding  accidents ; and  it  is  desirable,  r)u  this  account,  that  the  electro- 
motive force  should  be  kept  as  low  as  ])ossihlo.  It  seems,  on  the  other 
hand,  to  be  essential  for  economy  in  distribution  to  run  a very  large  number 
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of  liglits  in  the  same  circuit.  The  resistance  of  the  Weston  arc  lamp,  being 
only  about  one  ohm  and  a half,  as  compared  with  a resistance  of  from  four 
to  six  ohms  in  most  of  the  other  systems  now  in  use,  it  is  obvious  that 
the  electromotive  force  required  is  correspondingly  low,  and  the  danger  of 
accident  is  greatly  decreased. 

Different  forms  of  Weston  arc  lamps  are  used.  Fig.  262  is  a duplex  or 
double  carbon  lamp. 

The  feeding  mechanism  of  this  lamp  is  shown  in  Figs.  263,  264,  and 


Fig.  263. 


Fig.  264. 


265i  In  this  there  is  but  one  electro-magnet  D D for  controlling  the 
feeding  of  both  sets  of  carbons.  It  is  differentially  wound  with  two  sets  of 
coils,  one  of  coarse  wire,  being  included  in  the  arc  circuit,  and  the  other 
of  fine  wire  in  a derived  circuit  of  high  resistance,  so  as  to  adapt  the  lamp 
for  use  in  series. 

The  lower  terminal  of  the  coarse  wire  helix  is  electrically  connected 
with  both  upper  carbon  carriers,  and  the  current  and  the  feeding  mechanism 
are  shifted  simultaneously,  at  the  proper  time,  to  the  second  set  of  carbons 
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by  the  sliifting  magnet  M,  wliicli  is  included  in  a derived  circuit  of  high 
resistance.  The  shifting  lever  C carries  wedge-shaped  slides  hli , which  are 
inserted  under  the  end  of  one  clutch  or  the  othei',  so  as  to  trip  it,  and  prevent 
it  from  engaffinsf  with  its  rod. 

o o o 

While  the  first  set  of  carbons  is  burning,  the  circuit  of  M is  open  ; the 
upper  carbon  R' , of  the  second  set,  is  held  up  by  the  hook  L,  and  the  shift- 
ing lever  is  locked  in  the  proper  position  to  leave  the  first  clutch  free  and 
trip  the  second.  When  the  first  set  of  carbons  is  consumed,  the  circuit  of 
M is  completed  by  a stop  H on  the  upper  rod  R coming  int(j  contact  with 
K,  and  the  shifting  magnet  drawing  up  its  armature  G,  lifts  the  detent 
from  C,  allowing  it  to  swing  over,  and  at  the  same  time  reverse  the  position 


Fig.  265. 


of  the  slides  under  the  clutches,  and  release  the  upper  carbon  of  the  second 
set.  As  the  upper  carbon  R of  the  first  set  is  supported,  out  of  contact 
with  its  lower  carbon,  by  the  stop,  the  current  is  diverted  to  the  second  set 
of  carbons  as  soon  as  they  come  into  contact,  and  the  feeding  magnet  now 
works  the  second  clutch  instead  of  the  first.  This  is  done  so  (|uickly  as  to 
cause  hardly  a flicker  in  the  light. 

The  feeding  mechanism  of  the  single  lamp  is  the  same  as  that  of 
the  duplex  lain]),  omitting  of  course  the  du])licate  ])arts  and  the  shifting 
mechanism.  Its  construction  and  operation  are  too  well  known  to  reipiire 
detailed  description.  The  extraordinary  sensitiveness  and  certainty  of 
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operation  of  this  feeding  mechanism  are  probably  due,  principally,  to  the 
peculiar  arrangement  of  the  armature  of  the  electro-magnet  D,  and  to  the 
construction  of  the  clutch.  It  will  be  observed  that  the  armature  D,  which 
controls  the  movements  of  the  clutch  and  upper  carbon  carrier,  is  suspended 
(in  front  of  the  poles  of  the  electro-magnet),  but  somewhat  out  of  a sym- 


Fig.  266. 

metrical  position,  with  respect  to  them,  by  the  flexible  strips  e e,  which 
admit  of  only  a vertical  movement  of  the  armature.  When  the  magnet  is 
excited  the  armature  tends  to  come  to  a symmetrical  position  with  respect 
to  the  poles,  and  rises  into  a more  intense  part  of  the  field  of  the  magnet. 
At  the  same  time  it  recedes  somewhat  laterally  from  the  poles.  These  two 
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movements  are  so  related  to  each  other  tliat  the  increase  of  the  power  of 
the  magnet  due  to  one,  is  very  nearly  compensated  by  its  decrease  of  power 
due  to  the  other  movement  of  the  armature,  and  consequently  the  lifting 
power  of  the  magnet  is  approximately  uniform  through  a very  wide  range 
of  movement  of  the  armature.  This  is  an  especially  desirable  feature  in  a 
lamp  to  be  used  in  series. 

The  clutch,  as  will  be  observed,  is  provided  with  a long  tail-})iece,  and 


Fig.  267. 


the  jjoint  of  contact  of  the  clutch  with  the  iloor  of  the  lamj),  is  at  the  end  of 
the  tail-piece.  This  gives  the  detaching  })oint  of  the  clutch  great  leverage 
over  the  lifting  point,  and  consequently  it  recpiires  only  a very  small 
amount  of  ])ower  to  detach  the  clutch  from  the  rod  ;ind  allow  it  to  feed. 
Of  course  the  sensitiveness  of  the  feeding  mechanism  in  the  lamj)  de))ends 
largely  upon  the  amount  of  force  which  is  necessary  to  lock  or  unlock  the 
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feeding  mecliaiiisni,  as  this  force  is  derived  solely  from  variations  in  the 
strength  of  the  current,  due  to  fluctuations  in  the  length  of  the  arc. 

In  the  form  of  lamp  fi’ame  shown  in  Fig.  266,  the  electrical  connections 
are  placed  inside  of  the  tubular  support,  by  which  the  globe  is  suspended 
from  the  casing  above,  and  there  is  no  exposed  or  accessible  part  of 
the  lamp,  in  electrical  connection  with  the  circuit.  This  form  of  frame 


may  be  used  for  duplex  or  single  lamps,  the  same  as  the  form  shown  in 
Fig.  262,  and  the  same  feeding  mechanism  may  be  used. 

In  Figs.  267  and  268,  is  shown  a new  form  of  feeding  mechanism,  which 
Mr.  Weston  has  devised.  The  feeding  of  the  carbons  is  controlled  by  a 
brake-wheel,  to  the  shaft  of  which  the  upper  carbon  carrier  is  attached  by 
a cord  and  pulley,  or  rack  and  pinion  movement,  so  that  the  rod  cannot  be 
moved  without  turning  the  wheel.  The  shaft  of  the  wheel  is  mounted 
upon  a swinging  lever  M,  which  is  pivotted  to  a fixed  support  at  m,  and  at 
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its  other  end  is  linked  to  an  oscillating  lever  K.  Two  solenoids,  F and  B, 
of  peculiar  form,  are  used  for  controlling  the  position  of  the  oscillating 
lever.  One  of  these  solenoids  is  included  in  the  main  circuit,  and  the  other 
in  a derived  circuit  about  the  arc ; and  they  are  attached  to  the  ends  of  the 
lever  by  flexible  metallic  straps  f and  h.  The  wheel  W is  controlled  by  a 
brake  A,  which  is  pivotted  to  the  lever  M,  just  outside  of  the  periphery  of 
the  wheel,  and  has  a short  arm  at  the  right,  to  which  the  lifting  link  a is 
attached  at  a’.  It  also  has  a long  tail-piece  L,  extending  over  and  resting 
upon  the  frame  of  the  lamp  at  n'.  The  construction  of  the  solenoids  used 
is  shown  at  the  left,  in  Fig.  267,  where  the  shell  and  part  of  the  coil  are  cut 
away  to  show  the  construction.  It  will  be  seen  that  the  solenoid  has  the 
ordinary  core,  and  in  addition,  an  iron  shell  surrounding  the  coil,  and  made 
in  one  piece  with  the  core.  Mr.  Weston  has  found,  that  with  a solenoid 
constructed  in  this  way,  an  extremely  long  range  of  movement  is  obtained 
with  very  uniform  power  ; and  that  the  solenoid  is  about  as  powerful  as 
an  ordinary  bi-branched  electro-magnet,  having  double  the  amount  of  wire 
upon  it.  The  great  disadvantage  of  ordinary  solenoids  is  their  comparative 
feebleness  in  proportion  to  their  size. 

Supposing  the  lamp  to  be  at  rest,  with  the  carbons  in  contact,  upon 
first  applying  the  current  the  solenoid  F will  preponderate  in  force,  and 
draw  down  its  end  of  the  oscillating  lever ; this  movement  carries  the  brake 
upward,  and  locks  it  upon  the  wheel,  as  soon  as  its  tail-piece  L is  raised 
sufliciently  to  lift  it  from  the  stop  a',  and  the  further  movement  of  the 
oscillating  lever  carries  the  lever  M and  the  wheel  up  bodily,  so  as  to 
separate  the  carbons  and  form  the  arc.  As  the  arc  increases  in  length,  F 
weakens,  and  B strengthens,  and  a condition  of  equilibrium  is  soon  reached, 
^n  which  the  end  of  the  lever  L rests  upon  the  stop  with  just  sufficient  force 
to  raise  the  brake  and  allow  the  wheel  to  revolve.  The  slightest  decrease 
in  the  length  of  the  arc  will  immediately  set  the  brake,  and  the  slightest 
increase  release  it.  It  will  be  observed  that  the  brake  is  so  arranged  with 
reference  to  the  wheel,  that  the  weight  of  the  carbon  and  its  carrier,  tends 
to  lock  the  brake  when  its  detaching  lever  is  lifted  from  the  stop,  so  that 
its  grip  on  the  wheel  is  very  positive  ; but  the  wheel  being  largo,  and  tlic 
detaching  point  of  the  brake  lever  having  great  leverage  over  the  brake, 
the  device  works  with  the  utmost  delicacy.  The  feeding  is,  under  ordinary 
conditions,  so  nearly  continuous,  that  it  is  impossible  to  detect  the  move- 
ment at  any  one  time. 

In  Fig.  269  is  shown  the  automatic  cut-out  ordinarily  used  with  these 
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Iciiiips.  It  IS  o<  iiioclifictition  of  tli©  WGll-known  Varlcy  cut-out,  aud.  consists 
of  an  electro-magnet  in  the  same  circuit  with  tlie  arc,  and  an  armature,  so 
arrano’ed  as  to  close  a short  circuit  about  the  lamp  when  the  armature  is 
released  by  the  magnet.  This  has  been  put  into  very  compact  and  conve- 
nient form,  and  is  usually  attached  to  the  support  above  the  lamp, 
but  may  be  included  in  the  casing  with  the  feeding  mechanism.  The 
diagram  indicates  clearly  the  electrical  connections.  About  the  coil 
of  the  maofiiet  are  wound  a few  convolutions  of  insulated  German  silver 
wire,  which  are  included  in  the  shunt  circuit.  The  current  in  this 
supplementary  coil  flows  in  the  same  direction  as  in  the  main  coil,  and 
the  object  of  the  supplementary  coil  is  to  cause  the  electro-magnet  to  act 
more  quickly  to  open  the  shunt  circuit  when  the  lamp  is  lighted.  The 
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Fig.  269. 


resistance  of  the  shunt  coil  is  very  slight  (about  the  same  as  that  of  the 
lamp  with  the  carbons  in  contact),  and,  with  the  shunt  closed,  and  the  lamp 
circuit  open,  it  is  obvious  that  the  entire  current  must  pass  through  the 
resistance,  but  there  being  few  convolutions,  and  these  at  a distance  from 
the  core  of  the  magnet,  too  little  magnetism  is  developed  to  lift  the  arma- 
ture. Whenever  the  lamp  circuit  is  closed,  however,  the  current  at  first 
divides  between  the  two  coils  on  the  magnet,  and  both  co-operating  lift  the 
armature  very  quickly.  As  soon  as  the  armature  is  lifted  the  shunt  is 
broken,  and  the  entire  current  passes  through  the  lamp.  This  form  of  cut- 
out has  been  found  very  efficient  under  ordinary  circumstances,  but  where  a 
very  large  number  of  lamps  are  used  in  the  same  circuit,  the  form  of  cut-out 
shown  in  Fig.  270  is  used,  for  the  sake  of  additional  precaution  to  guard 
against  any  dangerous  elongation  of  the  arc. 

In  the  diagram,  P and  N are  insulated  conductors,  leading  from  the 
1 indirg'  i'csts  of  the  lamp,  and  terminating  in  contact  surfaces  p ‘^d  ??,  of 
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a spring  switch,  located  above  the  arc,  as  shown  in  the  illustration.  The 
switch,  when  left  free,  is  closed  by  a spring,  but  is  normally  held  open  by  a 
plug  a,  of  easily  fusible  alloy,  arranged  between  the  jaws  of  the  switch,  as 
shown  in  the  plan  view,  in  the  lower  part  of  the  figure.  The  switch  is  sup- 
ported near  the  upper  carbon,  but  at  a sufficient  distance  above  the  arc  to 
prevent  melting  of  the  fusible  plug  while  the  arc  is  of  normal  length.  As  is 
well  known,  any  marked  increase  in  the  arc  produces  a very  great  increase  in 
heat.  When  this  occurs  the  fusible  plug  is  melted,  and  allows  the  switch  to 


Fig.  270. 

close,  and  cut  the  lamp  out  before  the  arc  becomes  dangerously  long.  This 
is  very  positive  in  its  action,  and  has  been  found  extremely  reliable.  Tt  may 
be  easily  readjusted  by  inserting  another  fusible  ])lug.  It  is,  however,  rarely 
brought  into  action  in  ]>ractice,  as  accidents  to  the  feeding  mechanism 
seldom  occur. 

In  Fisfs.  271  and  272  is  shown  an  indicator,  for  use  in  central  stations, 
and  other  places  where  the  lamps  are  at  a considerable  distance  from  the 
machine.  The  coils  of  the  magnet,  shown  in  Fig.  272,  are  included  in  the 
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circuit  witli  tlie  lamps,  and  the  retractable  spring  of  the  armature 

is  so  adjusted  as  to  bring  the  needle,  which  is  attached  to  the  shaft,  to  zero 
on  the  scale,  when  the  current  is  of  normal  strength.  Should  the  current 
exceed  or  fall  below  the  normal  strength,  however,  either  the  magnet  or  the 
spring  would  preponderate,  and  the  needle  would  swing  in  one  direction  or 
the  other,  indicating  the  direction  of  the  change  ; and  in  case  of  any  con- 
siderable variation,  one  of  the  contact  springs  on  the  lever  would  close  the 
battery  circuit,  by  making  contact  with  a stop-screw  in  the  upper  part  of 
the  box,  and  ring  a bell  at  the  top  to  call  the  attention  of  the  attendant. 


Fig.  271. 


Fig,  272. 


By  means  of  this  indicator,  the  attendant  at  the  central  station  can  see, 
upon  starting  the  machine,  that  the  normal  current  is  sent  to  the  lamps, 
and  is  informed  at  once  when  any  accident  occurs  to  the  circuit,  or  when 
lamps  are  put  into  circuit  or  cut  out,  and  can  immediately  adjust  the 
machine  to  compensate  for  the  change. 

We  may  conclude  with  a few  words  upon  some  devices  connected  with 
the  incandescence  lighting  as  considered  by  the  United  States  Lighting 
Company. 

Fig.  273  shows  a device,  designed  by  Mr.  Maxim,  for  automatically 
cutting  the  carbon  of  an  incandescence  lamp  out  of  circuit  at  the  proper 
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time  when  it  is  being  built  up  in  a liydro- carbon  atmosphere.  An  electro- 
magnet K is  included  in  the  same  circuit  with  the  carbon  under  treatment, 
which  is  represented  at  C.  The  surrounding  vessel  B contains  a rarefied 
atmosphere  of  hydro-carbon  gas.  The  wires  A A lead  to  the  generator, 
which  should  be  worked  under  the  same  conditions  during  the  process. 
It  is  obvious  that  as  the  resistance  of  the  carbon  C decreases,  owing  to  the 
deposition  of  carbon  upon  it,  more  current  flows  through  the  coils  of  the 
magnet;  and  the  retractile  spring  M is  so  adjusted,  that  the  magnet  will 
draw  dowm  its  armature  when  the  resistance  of  the  carbon  has  fallen  to  the 
standard  fixed.  When  this  occurs,  the  hammer  G is  released,  and,  falling 
upon  F,  breaks  the  circuit  suddenly  at  T,  and  cuts  out  the  carbon ; the 
spring  F is  jDrevented  from  rising  again  by  a detent  R.  In  a modification 
of  this  device,  which  is  somewhat  more  sensitive,  instead  of  the  retractile 
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spring  M,  another  electro-magnet,  included  in  a derived  circuit  about  the 
carbon  in  course  of  treatment,  is  made  to  pull  down  the  other  end  of 
the  armature  lever  A.  By  this  apparatus  the  carbons  are  made  of  very 
uniform  resistance.  As  is  well  knowui,  the  Maxim  lamp  is  held  in  a 
socket  or  holder,  which  may  be  attached  to  an  ordinary  gas  fixture,  or  other 
suitable  support.  The  socket  contains  the  terminals  of  the  circuit  leading 
to  the  lamp,  and  these  are  so  arranged  that  the  ends  of  the  leading-in  wires 
of  the  lamp  are  brought  in  contact  with  them,  when  the  lain})  is  inserted 
in  the  socket;  merely  placing  the  lam])  in  ])osition  makes  the  necessary 
electrical  connections. 

In  Figs.  274  and  275  are  shown  different  ibriiis  of  safety  devices  which  Mr. 
Weston  has  invented.  With  the  niulti])le  arc  system,  it  is  obvious  that  the 
distribution  of  the  current  among  the  branches  depends  u])on  their  relative 
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resistance.  If  from  any  accident  one  of  the  brandies  should  liappen  to  be 
short-circuited,  an  abnormal  amount  of  current  would  be  diverted  to  it  from 
the  main  circuit,  and  this  might  be  sufficient  to  dangerously  heat,  or  even  fuse 
the  branch  wire.  A safety  device,  of  the  form  shown  in  the  illustration,  is 
introduced  in  each  branch,  to  guard  against  this  danger.  It  consists  of  a strip 
of  easily  fusible  alloy  introduced  into  the  circuit,  and  arranged  in  convenient 
form  for  renewal.  The  alloy  used  is  a compound  of  tin,  lead,  cadmium,  and 
bismuth,  and  fuses  at  about  155  deg.  Fahr.  The  strip  is  made  of  sufficient  size 


Fig.  274. 


Fig.  275. 


to  convey  the  normal  current  without  heating  it  to  its  fusing  point ; but  in 
case  of  any  abnormal  flow  of  current,  the  alloy  section  of  the  branch  would,  of 
course,  melt  before  the  copper  wire  became  dangerously  heated,  if  the  section 
of  alloy  were  made  of  equal,  or  even  somewhat  greater  conductivity  than 
the  rest  of  the  circuit.  As  the  fusing  point  of  the  alloy  is  below  the  point 
of  ignition  of  any  combustible,  the  drops  of  melted  metal  can  do  no  harm 
in  case  the  safety  device  is  called  into  operation.  These  devices  are  made  in 
various  forms,  some  of  which  are  shown  in  the  cuts,  and  are  located  at  any 
convenient  place  in  the  circuit,  so  as  to  be  readily  accessible  for  the  renewal 
of  the  alloy  strip  when  necessary. 

Fig.  276  shows  the  wall  plate  belonging  to  a bracket,  devised  by  Mr. 
Weston,  for  incandescence  lights.  This  plate  is  permanently 
attached  to  the  wall,  and  the  circuit  wires  connected  at  c 
and  e . When  the  bracket  is  placed  on  the  plate,  its 
electrical  terminals  form  contact  with  the  springs  c and 
d,  and  the  wires  pass  from  them  through  the  flxture 
to  the  lamp.  At  e,  in  the  wall  plate,  is  a fusible  cut-off. 

This  bracket  can  be  swung  from  side  to  side  without 
affecting  the  circuit,  as  the  connections  are  made  through 
the  pivots  upon  which  it  swings.  Mr.  Weston  has  also 
devised  forms  of  double  swing  brackets,  drop-lights, 
chandeliers,  and  various  other  flxtures,  for  both  arc  and 
incandescence  lights. 


THE  HOCHHAUSEN  SYSTEM. 


MONG  the  many  systems  of  electric  lighting  with  which  the  build- 


ings of  the  International  Fisheries  Exhibition,  held  at  South 
Kensington  in  1888,  were  illuminated,  the  system  of  Mr.  Hochhausen 
was  that  which  attracted  most  scientific  attention  on  account  of  its  novelty 
and  the  many  points  of  special  interest  involved  in  the  construction  of  its 
apparatus,  and  in  its  method  of  working.  The  system  is  the  invention  of 
Mr.  William  Hochhausen,  of  New  York,  and  has  been  introduced  into  this 
country  by  Mr.  Henry  Edmunds,  whose  name  is  well  known  in  connection 
with  the  extraordinary  progress  which  illumination  hy  electricity  has  made 
during  the  last  few  years,  he  having  introduced  into  this  country  both  the 
Wallace-Farmer  and  Brush  systems,  and  having  taken  an  important  part 
in  the  development  of  the  Swan  mode  of  lighting  by  incandescence,  and 
its  successful  introduction  both  here  and  abroad. 

The  Hochhausen  systems  are  for  both  arc  and  incandescence  lighting, 
the  currents  utilised  for  the  two  methods  of  illumination  being  produced  by 
machines  which  are  somewhat  different  from  one  another.  The  arc  system 
is  complete  in  itself,  that  is  to  say,  it  has  its  own  machine,  its  own  lamp, 
and  has  many  special  features  of  the  conductors  and  general  installation 
peculiar  to  itself. 

The  dynamo-electric  arc-light  machine  of  Mr.  Hochhausen,  a general 
view  of  which  is  given  in  Fig.  211,  belongs  to  that  great  class  of  generators 
in  which  an  armature  of  annular  or  tubular  form  is  employed,  a grou]),  the 
parentage  of  which  undoubtedly  belongs  to  Hr.  Antonio  Pacinotti,  of 
Florence,*  and  in  a certain  degree  to  a still  earlier  inventor,  Herr  Elias,  of 
Haarlem. t It  has,  moreover,  been  embodied  more  or  less  in  the  machines 
of  Worms  de  Pvomilly,;];  Gramme,§  Schuckert,||  Brush,11  Maxim,**  ('bilcher,tt 
Jurgensen,];|  He  Meritens,§§  Heinrichs,||||  Biirgin,111  and  several  others. 

* Sec  “Electrical  Illuniination,”  Vol.  1.,  p.  1‘2G,  + lliid.,  p.  10*’.  t-  Ibid.,  p.  07-’.  § Ibid.,  p.  M7. 

II  ll)id.,  p.  290.  II  Ibid.,  p.  204.  **  Ibid.,  p.  224.  It  Ibid.,  j).  207.  Ibid.,  p.  OOl.  gs?  Ibid,,  p.  187. 


111!  Ibid.,  p.  234.  1111  Ibid.  p.  218. 
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T]),c  armature  rotates  on  a liorizontal  sliaft  within  an  intense  magfuetie 
field,  })r(xluced  between  the  poles  of  two  vertical  electro-maf^nets,  whose 
common  axis  passes  through  that  of  the  armature  and  perpendicularly  to 
it,  while  their  magnetic  intensity  is  to  a certain  extent  further  reinforced 


Fig.  277. 


inductively  by  the  action  of  two  massive  soft  iron  bars  connecting  the  free 
poles  of  the  two  magnets. 

The  coils  of  the  armature  are  connected  to  a cylindrical  commutator  of 
very  ingenious  construction,  which,  in  principle,  is  identical  with  the  com- 
mutators of  several  of  the  direct  current  machines  of  other  inventors,  such 
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as  Siemens,  Gramme,  Edison,  and  others,  and  the  current  is  carried  into 
the  external  circuit  liy  two  pairs  of  elastic  metallic  springs,  which  press 
against  the  sectors  of  the  commutating  cylinder  in  the  usual  way. 

A special  feature  of  the  Hochhausen  machine,  and  one  to  which  a 
great  proportion  of  its  undoubtedly  steady  working  and  economy  is  due, 
is  the  very  beautiful  contrivance  by  which  its  conversion  of  dynamic,  into 
electric  energy  is  regulated  automatically,  to  the  work  it  has  to  do,  or  in 
other  words,  by  which  the  load  on  the  driving  engine  is  adjusted  to  the 
number  of  lamps  in  actual  operation. 

The  core  of  the  Hochhausen  armature  (a  perspective  view  of  which, 
with  two  coils  removed,  is  shown  in  Fig.  278),  consists  of  a cylindrical  cage 


Fig.  273. 


built  up  of  flat  wrought-iron  quadrants ; without  its  coils,  it  bears  some 
resemblance  to  the  cylindrical  sieve  of  a rotary  screening  machine.  The 
quadrants  are  stamped  out  of  sheet  iron,  about  one-sixteenth  of  an  inch  in 
thickness,  and  have  dovetailed  ends.  These  are  shown  in  detail  in  Fig.  279, 
in  which  AAA  are  the  quadrants,  and  and  B'  are  bars  having  dovetail 
grooves  along  their  outer  sides,  into  which  the  ends  of  the  quadrants  are 
fitted  with  distance-pieces  of  the  same  thickness  l)etween  them.  There  are 
four  pairs  of  these  bars  distrilmted  at  ec(ual  angular  distances  around  the 
armature,  as  is  well  shown  in  Fig.  280.  The  bars  of  each  pair  are  held  to- 
gether by  a piece  of  the  form  shown  at  C,  Fig.  279,  having  a dovetail  groove 
cut  along  its  length,  and  which  slides  over  the  dovetail  formed  at  the  to}) 
of  the  bars.  They  are  further  held  together,  and  at  the  same  time  are  rigidly 
attached  to  the  outer  framework  of  the  armature,  by  two  })rojecting  half- 
studs D and  whicb,  when  in  })Osition,  form  a single  stud,  and  these 
studs,  passing  through  corresponding  holes  in  the  end  frames,  are  secured 
by  nuts  on  the  outer  sides. 

From  the  above  description  it  will  be  clear  that  the  armature  can  be 
taken  into  four  pieces  at  any  moment  with  gi-eat  facility,  and  the  coils  are 


285 


Windiny  the  Hochhausen  Anaature. 


so  constructed  that  they  can  be  taken  off  and  on  by  simply  sliding  them  over 
the  quadrants  when  the  armature  is  so  dissected. 

The  method  by  which  the  coils  are  wound  in  the  Hochhausen  machine 
is  a special  feature  of  novelty  and  interest,  because  by  it  is  solved  a difficulty 
which  has  hitherto  been  inseparable  from  the  coiling  of  annular  armatures, 
whose  helices  are  either  contiguous,  as  in  the  Gramme,  or  very  close  to- 
gether, as  in  several  other  types  of  machines.  This  difficulty  is  a mechanical 
and  manipulative  one,  arising  from  the  geometrical  fact,  that  the  internal 


circumference  of  a solid  ring  is  smaller  than  its  external  circumference, 
and  that  therefore  the  spaces  occupied  by  the  coils  must  be  more  or  less 
wedge-shaped,  and  thus  while  the  strands  passing  over  the  outer  circum- 
ference had  hitherto  to  be  more  and  more  spread  out  in  order  to  be  uniformly 
distributed,  they  had  for  the  same  reason  to  be  inconveniently  crowded 
together  over  the  inner  circumference.  To  overcome  this  difficulty  various 
devices  have  been  suggested,  but  none  of  them  can,  in  our 
opinion,  surpass  in  simplicity  and  efficiency  the  method 
adopted  by  Mr.  Hochhausen,  which  is  indicated  in  Fig. 

280,  but  which  will  be  understood  more  clearly  by  refer- 
ring to  the  diagram  Fig.  281,  which  represents  a section 
of  one  of  the  coils,  made  by  a plane  cutting  through 
the  armature  perpendicularly  to  its  axis.  In  the  coil  represented  in  the 
diagram,  there  are  forty -two  convolutions ; but  while  the  lower  part  of  the 
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lielix  is  laid  in  six  layers  of  seven  strands  each,  the  upper  portion  (repre- 
senting the  outer  circuniference)  is  laid  in  three  layers  of  fourteen  strands. 
In  this  way  the  cross  section  of  the  bundle  of  wires  of  the  helix,  both  at  the 
outer  and  at  the  inner  circuniference  of  the  armature,  is  always  maintained 
a parallelogram,  and  at  the  same  time  the  width  of  the  outer  bundle  is 
wider  than  that  towards  the  axis.  In  Fig.  280  this  is  well  shown,  as  well 
as  the  general  construction  of  the  armature. 

Referring  to  this  figure,  and  to  Fig.  282,  A A A A are  the  quadrants 
of  which  the  compound  annular  core  is  built  up,  and  B B B B the  dovetail 
bars  by  which  the  four  sets  of  quadrants  are  held  together  and  attached  to 
the  end  frames  H H,  which  are  keyed  on  to  the  driving  shaft  S.  The  helices 


are  shown  at  C C C (y,  which,  from  the  method  by  which  the  core  is  con- 
structed, can  either  be  wound  inde|)endently  upon  a separate  mandrel,  or 
upon  hollow  liobbins,  and  slid  over  the  free  end  of  the  quadrant,  or  they  can 
be  wound  direct  upon  the  ipiadrants,  each  ([uarter  of  the  core  being  wound 
sejiarately,  and  the  four  quarters  put  together  afterwards — a form  of  con- 
struction which  will  at  once  commend  itself  to  every  practical  engineer, 
for,  by  it,  the  princi})al  difficulty  in  coiling  annular  armatures  is  comj)letely 
eliminated,  namely,  the  having  to  pass  the  si)ool  containing  the  wire,  to  be 
wound  through  the  ring  for  every  convolution  laid  on.  In  order  to  avoid 
sharp  bends  in  the  wire  at  the  two  ends  of  the  armature,  and  to  kee))  the 
coiling  as  conq>act  as  possible,  the  core  is  finished  off  by  (juadi-ants  of 
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U-shaped  cross  section  indicated  at  F F F F,  Fig.  282,  and  also  shown  in 

Fig.  278. 

In  the  armature  illustrated,  there  are  sixteen  coils,  that  is  to  say,  each 
of  the  four  quadrants  carries  four  helices,  which  are  kept  symmetrically  in 
their  places  by  wooden  wedges  W W W,  driven  between  them  from  the 
inside,  and  in  order  to  prevent  any  displacement  of  the  convolutions,  or 
distortion  of  the  armature  by  centrifugal  force,  the  whole  is  bound  together 
by  coiled  hoops  of  phosphor-bronze  wire  n n n n n,  Fig.  282,  shown  in  per- 
spective in  Fig.  278- 

The  armature  coils  of  the  Hochhausen  machine  are  coupled  up  in 
series,  and  their  junctions  are  also  connected  to  the  sectors  of  a cylindrical 
commutator,  which  is  constructed  in  a very  simple  and  practical  manner, 
consisting  simply  of  a crown  of  sixteen  L'^haped  gun-metal  or  copper  blocks 
K,  Fig.  282,  screwed  by  their  basis  to  a circular  disc  of  slate  L,  their  form 
and  arrangement  being  as  shown  in  Fig.  278,  as  well  as  in  the  general 
view  of  the  machine,  Fig.  277.  The  only  insulation  between  the  blocks  is 
obtained  by  air  spaces,  and  upon  their  cylindrical  surfaces,  the  collecting 
springs  shown  in  Fig.  277  are  pressed.  It  is  by  the  position  of  these  springs 
with  respect  to  the  magnetic  field  that  the  electromotive  force  of  the 
machine  is  automatically  controlled  and  adjusted  to  the  number  of  lamps 
in  operation. 

W e may  now  proceed  to  refer  to  some  of  the  arrangements  and  apparatus 
belonging  to  this  system,  for  regulating  the  current  of  the  machine  to  the  work 
which  it  may  at  any  time  be  called  upon  to  do.  The  object  in  view  is  to 
control  the  electromotive  force  of  the  machine,  without  altering  its  velocity 
of  rotation,  by  varying,  either  automatically  or  not,  the  intensity  of  the 
magnetic  field  within  which  the  armature  coils  are  being  rotated.  This 
object  has  been  arrived  at  by  various  devices,  very  different  in  both  principle 
and  construction  from  one  another ; in  some,  the  commutator  brushes  are 
automatically  shifted  around  the  commutator,  by  means  of  a small  supple- 
mentary electric  motor  rotating  under  the  influence  of  the  magnetic  field  ; 
in  others,  a similar  motor  is  employed  to  throw  in  or  cut  out  certain  lengths 
of  the  exciting  helices  of  the  field  magnets  ; again,  in  others,  the  main 
shaft  of  the  machine  is  caused  to  give  motion  to  the  brush-holders,  their 
direction  of  angular  displacement,  as  well  as  the  period  when  it  takes  place, 
being  determined  by  the  action  of  a supplementary  electro-magnet,  which  is 
controlled  by  a relay. 

Although  these  regulating  devices  are  included  in  Mr.  Hochhausen’s 
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patents,  they  are  by  no  means  essential  to  his  system,  and  as  a matter  of 
fact  a great  number  of  the  machines  are  not  supplied  with  any  automatic 
system  of  current  regulation  ; but,  as  these  contrivances  undoubtedly 
render  the  Hochhausen  system  a very  complete  one,  and  are  very  interesting 
and  ingenious,  we  shall  treat  them  as  if  they  formed  an  integral  part  of  the 
system  we  are  describing. 

The  machine  by  which  the  principal  promenade  at  the  late  Fisheries 
Exhibition  was  illuminated,  and  which  is  illustrated  in  Fig.  277,  was  fitted 
with  the  automatic  regulator,  the  principle  and  construction  of  which  is 
shown  in  Figs.  283  to  286.  By  this  apparatus  the  electromotive  force  is,  as 
in  the  Maxim  machine,  controlled  by  a shifting  of  the  collecting  springs  or 
brushes  around  the  commutator  to  positions  of  greater  or  less  efficiency,  not, 
however,  by  a “ step-by-step  ” motion,  as  in  the  Maxim  machine,  the  efiect 
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of  which  comes  too  late  to  be  of  practical  use,  but  directly,  by  means  of  a 
small  electric  motor  working  under  the  inlluence  of  the  magnetic  field,  and 
having  its  direction  of  rotation  determined  by  a small  magnetic  switch  or 
relay,  the  position  of  which  is  controlled  by  the  strength  of  the  magnetic 
field,  and  indirectly  by  that  of  the  current  in  the  external  or  lamp  circuit 
of  the  machine. 

The  motor,  which  is  shown  in  Fig.  283,  consists  of  a small  annular 
armature  of  the  Pacinotti  type,  capable  of  i-otation  upon  a horizontal  axis 
within  a magnetic  field,  and  enclosed  in  a metal  box,  which  is  shown  in  the 
front  of  Fig.  277.  Fig.  285  is  a diagram  in  which  the  arrangement  of  the 
parts,  as  well  as  the  connections,  are  clearly  indicated.  In  this  figure  B is 
the  annular  armature  of  the  motor,  tlie  s})indle  of  which  carries  a pinion  G^, 
which  either  gears  directly  into  a circular  rack  attached  to  the  ring  B,  which 
carries  the  commutator  brushes  (see  Fig.  277),  or  moves  the  ring  K through 
the  intervention  of  a train  of  wheels.  The  magnetic  field  for  the  motor  is 
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obtained  by  two  pole-pieces  A and  which  partly  surround  the  armature 
(see  Fig.  285),  and  which,  by  being  attached  to  the  pole-pieces  of  the 
machine  by  iron  brackets  W W,  become  sufficiently  polarised  by  induction  to 
produce  a very  good  field  of  magnetic  force  between  them  ; the  general  dis- 
position of  the  armature,  pole-pieces,  and  polar  extensions  are  shown  in  the 
diagram.  Fig.  287-  The  direction  of  rotation  of  the  motor,  and  therefore 
of  that  of  the  brush-holders,  is  determined  by  a magnetic  relay,  combined 
with  suitable  resistance  coils  contained  in  a small  rectangular  box  (shown  in 


Fig.  277),  attached  just  below  the  top  plate  of  the  upper  field  magnet,  and 
illustrated  in  Fig.  284,  as  well  as  in  the  upper  portions  of  Figs.  285,  286, 
and  288.  This  relay  consists  of  a small  soft  iron  armature  bar  N*,  to  which 
is  attached,  perpendicularly  to  it,  an  arm  N^,  thus  constituting  an  l_-shaped 
lever  or  bell-crank  pivotted  at  its  right  angle.  The  lower  end  of  the  arm 
N®,  which  is  electrically  connected  to  the  wire  of  the  magnet  helix,  makes 
contact  with  one  or  both  of  two  contact  pieces  connected  respectively  with 
the  two  brushes  by  which  the  current  is  transmitted  into  the  armature  of 
the  motor.  These  two  contact  pieces,  although  insulated  from  one  another. 
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form  a lever  pivotted  at  its  lower  extremity,  and  })ressing  against  the  lower 
end  of  the  bar  N^,  witli  a pressure  which  can  be  adjusted  to  any  required 
amount  by  varying  the  tension  of  tlic  adjustable  spring  S,  which  is  also 
seen  in  Fig.  284-  The  armature  bar  being  well  within  the  region  of 
magnetic  influence  of  the  upper  extremity  of  the  field  magnets,  would  place 
itself  in  a position  as  nearly  along  the  line  of  magnetic  force  which  passes 
through  its  pivot  as  its  suspension  would  permit,  hut  it  is  opposed  partly  by 
its  own  weight  and  partly  by  the  pressure  against  its  lower  bar,  by  the 
spring  lever  to  which  we  have  referred.  It  therefore  takes  up  a position 
determined  by  the  varying  intensity  of  the  magnetic  field  and  by  the 


constant  tension  of  the  adjustable  s})ring  S ; and  this  spring  is  so  adjusted 
that,  when  the  machine  is  generating  its  normal  current,  and  the  commu- 
tator brushes  are  in  their  corresponding  position  with  I'esjiect  to  the  neutral 
axis,  the  bar  is  in  contact  with  both  contact  j)ieces  of  the  lower  lever  ; 
and  the  connections  and  circuits  are  so  arranged  that  the  curi-ent  divides 
itself  between  two  branches  of  e(|ual  resistance;  in  this  |)osition  the  brushes 
of  the  motor  are  connected  to  points  in  the  circuit  of  c(pnd  potential,  and 
therefore  no  current  is  transmitted  through  its  armature  and  no  rotation 
takes  place  ; the  commutator  l)rushes,  therefore,  remain  fixed,  and  the  action 
of  the  apj)aratus  is  in  every  res}>ect  normal.  If,  however,  i-esistance  be  added 
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to  tlie  external  circuit  by  the  cutting  out  of  lamps  or  by  any  other  cause,  the 
current  decreases,  and  there  will  be  a corresponding  diminution  in  the  in- 
tensity of  the  magnetic  field  ; the  tension  of  the  spring  S will,  therefore,  over- 
come the  directive  influence  of  the  field  upon  the  armature  bar,  which  will 
drop,  and  from  the  mutual  position  and  action  of  the  bar  N®  and  spring  contact 
bar,  the  circuit  will  be  preserved  between  the  upper  contact  stud  and  the  bar 
N^,  while  the  lower  contact  stud  will  be  lifted  away  from  N^.  A portion  of 
the  current  will,  therefore,  be  transmitted  through  the  armature  of  the  motor, 
rotation  will  take  place,  and  will  continue  until  the  commutator  brushes 
have  been  shifted  to  such  a position  as  to  restore  the  magnetic  field  to  its 
normal  intensity ; the  relay  armature  will  then  assume  its  normal  position, 
and  both  sides  becoming  again  in  contact  with  N®,  the  motor  will  be  brought 
to  rest  and  the  brushes  will  be  held  in  their  last  position  until  the  conditions 
are  again  changed.  If,  on  the  other  hand,  the  resistance  of  the  main  circuit 
should  be  diminished,  whereby  its  current  is  increased,  the  armature  of  the 
relay  will  be  drawn  up  by  reason  of  the  greater  intensity  of  the  magnetic 
field,  and  the  lever  N^,  rocking  on  the  compound  contact  bar,  will  break  the 
circuit  at  the  upper  stud,  while  that  at  the  lower  stud,  and  therefore  between 
the  wires  5 and  6 (Fig.  288),  will  be  maintained.  The  current  will,  therefore, 
have  two  circuits  open  to  it,  one  through  the  resistance  R,  and  the  other 
through  the  armature  of  the  motor  and  the  resistance  R^.  In  this  case  the 
current  will  traverse  the  motor  in  the  opposite  direction  to  that  in  which  it 
was  transmitted  before,  and  the  commutator  brushes  are  moved  round  in  the 
contrary  direction  through  positions  of  less  efficiency,  until  a normal  state  of 
things  is  again  brought  about ; the  relay  armature  again  becomes  horizontal, 
contact  with  both  studs  is  restored,  and  the  motor  and  brush-holders  are 
brought  once  more  to  rest. 

It  would  be  obviously  outside  the  objects  of  this  notice  to  enter  into 
all  the  details  of  this  interesting  and  highly  ingenious  method  of  auto- 
matically starting  and  reversing  the  motor,  but  there  are  several  points 
connected  with  these  devices  which  constitute  special  features  of  interest. 
One  of  these  is  the  very  elegant  and  ingenious  way  in  which  Mr.  Hoch- 
hausen  makes  use  of  artificial  resistances  for  the  threefold  object  of  pro- 
tecting the  motor  from  injury  by  the  transmission  of  too  strong  a current 
through  its  coils,  for  using  as  little  of  the  current  generated  by  the 
machine  as  will  effectively  drive  its  regulating  apparatus,  and  for  the  com- 
plete elimination  of  sparking,  and  consequent  destruction  of  the  contacts 
in  the  connections  of  the  motor.  Upon  referring  to  Fig.  284,  it  will  be 
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seen  that  there  are  three  resistance  coils  or  shunts,  the  two  ujiright  coils 
to  the  right  of  the  figure  correspond  to  N and  N^,  in  Fig.  285,  and  to  R 
and  in  Fig.  288,  and  they  form  two  branches  of  equal  resistance  for  the 
current  to  divide  itself  over,  their  opposite  ends  being  connected  respectively 
to  the  two  brushes  of  the  motor,  and  to  the  two  contact  studs  of  the  com- 
pound bar.  When  these  are  connected  by  the  contact  piece  of  the  relay, 
currents  of  equal  strength  flow  through  the  two  branches  of  the  circuit, 
and  the  motor  brushes  being  of  the  same  potential,  no  current  passes 
between  them,  and  no  rotation  takes  place  ; but  directly  one  or  the  other  of 
the  contact  studs  is  separated  from  the  relay  bar,  the  balance  of  current  in 
the  two  branches  is  disturbed,  and  the  excess  flows  through  the  coils  of  the 
motor  in  the  direction  of  from  the  higher  to  the  lower  potential. 

The  coil  to  the  left-hand  lower  corner  of  Fig.  284  is  a shunt  placed 
between  the  relay  bar  and  the  outer  ends  of  the  other  two  resistances,  and 
its  resistance  is  equal  to  that  of  the  other  two  together  in  parallel  circuit, 
that  is  to  say,  it  is  of  half  the  resistance  of  one  of  them,  and  is  so  pro- 
portioned to  that  of  the  motor,  as  to  allow  of  just  sufficient  current  to  be 
diverted  through  its  coils  as  will  drive  the  apparatus,  and  no  more.  If  we 
have  described  the  arrano'ement  and  connections  with  sufficient  clearness,  it 
will  be  observed  that  the  current  is  always  closed,  and  that  whenever  the 
circuit  through  any  branch  is  interrupted,  there  is  always  another  path  open 
to  it,  and  by  this  means  Mr.  Hochhausen  has  completely  eliminated  sparking 
in  the  apparatus,  and  has  at  the  same  time  rendered  the  regulation  more 
instantaneous  and  effective. 

Referring  to  Fig.  284,  it  will  be  observed  that  the  current  in  travers- 
ing the  shunt  coil  is  not  utilised  in  any  way  ; and  in  some  forms  of  his 
aj)paratus,  shown  in  the  diagrams  Figs.  285  and  286,  Mr.  Hochhausen  has 
replaced  the  shunt  coll  by  an  electro-magnet  Hg  of  equal  resistance,  and  has 
employed  the  magnetism  so  produced  to  attract  or  release  an  armature  lever 
H,  and  thus,  by  putting  a detent  Hg  out  of,  or  into  gear,  with  the  toothed 
wheel  to  effect  the  release  or  locking  of  the  motor,  and  so  prevent  the 
regulating  apparatus  moving  too  far  through  its  own  inertia,  or  under  any 
other  disturbing  influence. 

Fig.  288  is  a diagram  illustrating  a current  regulator  devised  by  ]\Tr. 
Hochhausen  upon  a different  principle.  In  this  case  there  is,  it  is  true,  an 
electric  motor  and  a magnetic  relay  by  which  the  direction  of  rotation  is 
controlled,  but  the  action  of  the  motor  is  not  to  alter  the  position  of  the 
commutator  brushes  with  respect  to  the  neutral  axis,  but  to  throw  in  or  cut 
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out  of  circuit,  certain  portions  of  the  helices  by  which  the  field  magnets  are 
excited,  and  by  that  means  to  control  the  intensity  of  the  magnetic  field, 
and  with  it  the  electromotive  force  of  the  machine. 

Referring  to  the  figure,  H is  the  armature  of  the  motor  capable  of 
moving  around  its  axis,  and  between  the  supplementary  pole-pieces  GG  and 
brackets  h h.  Attached  to  the  axis  of  the  motor  is  an  arm  which  carries  at 
its  outer  extremity  a contact  piece  27,  which  traverses  during  its  angular 
displacement,  an  arc  built  up  of  a number  of  contact  blocks  in  two  concentric 
rows  marked  respectively  25  and  2G.  The  contact  piece  27  makes  connection 
between  a block  of  the  outer  row,  and  its  corresponding  block  of  the  inner 
row,  and  thus  permits  a current  of  electricity  to  be  transmitted  from  one  to 
the  other.  The  outer  blocks  are  by  means  of  as  many  wires  W,  1,  2,  3,  4, 
&c.,  connected  respectively  to  different  portions  of  the  upper  magnet  helix, 
and  the  inner  series  of  blocks  are,  by  the  wires  W2,  similarly  connected  to 
portions  of  the  lower  helix,  and  the  connections  are  so  arranged  that  when 
the  circuit  is  completed  through  the  pair  of  blocks  at  1,  all  the  convolutions 
of  both  magnet  coils  are  traversed  by  the  current ; if  the  connection  be  made 
at  2 a smaller  number  of  convolutions  will  be  in  circuit,  fewer  still  at  3,  and 
so  on,  more  and  more  convolutions  being  cut  out  as  the  lever  attached  to 
the  motor  causes  the  contact  piece  27  to  traverse  the  blocks  from  the  top 
to  the  bottom  of  the  arc.  As  the  direction  of  rotation  of  the  motor  is  con- 
trolled by  apparatus  identical  with  that  which  we  have  already  described, 
we  need  not  again  refer  to  it  here,  beyond  pointing  out  that  it,  as  well  as  its 
connections  with  the  regulating  switch,  are  illustrated  in  Fig.  288. 

The  action  of  the  apparatus  is  very  simple.  If,  by  the  increase  of 
the  strength  of  the  current  caused  by  the  diminution  of  resistance  in  the 
external  circuit,  the  magnetic  field  becomes  more  intense,  the  magnetic  relay 
transmits  a current  through  the  motor,  setting  it  into  rotation  and  thereby 
causing  its  arm  to  traverse  the  set  of  blocks,  cutting  out  of  circuit  more 
and  more  of  the  exciting  helix,  and  this  goes  on  until  the  magnetic  field  is 
so  diminished  in  intensity  that  the  relay  taking  up  its  normal  position  brings 
the  motor  to  rest,  and  it  will  remain  in  that  position  until  another  change 
of  current  causes  these  conditions  to  be  disturbed,  and  a readjustment  takes 
place.  Should,  on  the  other  hand,  the  current  decrease,  a similar  operation 
is  repeated,  but  this  time  in  the  reverse  direction. 

In  addition  to  these  arrangements,  Mr.  Hochhausen  has  devised  regu- 
lating apparatus  in  which  no  electric  motor  is  employed  at  all,  and  in  which 
the  current  is  controlled  by  a shifting  of  the  commutator  brushes  around 


294 


Hochhausens  Arc  Lamjp. 


the  commutator  by  ordinary  mechanical  means.  In  one  of  these  a small 
friction  wheel,  mounted  in  a swinging  frame,  is  brought  by  means  of  a con- 
trolling magnet  in  contact  with  one  or  the  other,  or  neither,  of  two  disc 
wheels  which  are  geared  directly  on  to  the  revolving  axle  of  the  machine  ; 
and  the  mechanical  arrangements  are  so  made  that  when  the  friction  wheel 

O 

is  in  contact  with  one  disc,  the  brushes  are  moved  in  one  direction,  and 
when  against  the  other  disc,  the  brushes  are  rotated  in  the  opposite  direction, 
there  being  a position  of  the  magnet  in  which  the  disc  is  held  free  of  both 
discs,  and  the  brushes  in  that  case  remain  in  a fixed  position. 

The  arc  lamps  employed  under  the  Hochhausen  system  are  constructed 
in  two  forms  : the  first,  called  the  single  lamp,  holding  carbons  of  sufficient 
length  to  burn  for  eight  hours  ; and  the  second,  or  double-carbon  lamp, 
employing  two  pairs  of  carbons  so  arranged  that  upon  the  consumption  of 
the  first  pair,  the  second  is  automatically  thrown  into  circuit,  and  in  this 
way  the  period  during  which  the  lamp  is  capable  of  burning  without  a fresh 
supply  of  carbon  rods,  is  extended  to  sixteen  hours.  Mr.  Hochhausen  has, 
moreover,  a focus-keeping  lamp  for  employment  in  lighthouses,  or  for  other 
purposes,  in  which  it  is  important  for  the  centre  of  illumination  to  remain 
fixed  in  one  spot. 

The  motive  power  in  all  these  lamps  is  obtained  by  the  weight  of  the 
upper  carbon-holder  acting  by  gravity  upon  a train  of  wheels,  by  which  its 
descent  is  controlled,  and  the  electrical  regulating  apparatus  depends  for  its 
working  upon  the  differential  action  of  two  pairs  of  solenoids,  one  of  which 
is  included  in  the  main  circuit  of  the  arc,  and  the  other,  which  is  of  much 
higher  resistance,  in  a shunt  circuit  thereto.  In  each  of  these  is  a pair  of 
iron  cores,  which  are  drawn  more  or  less  Avithin  the  coils,  according  to  the 
strength  of  the  current  passing  through  them.  The  core  of  the  solenoid 
which  is  included  in  the  main  circuit,  is  Aveighted  so  as  to  drop  the  moment 
that  the  current  is  interrupted,  and  so  alloAv  the  upper  carbon  to  descend 
on  to  the  loAver,  but  as  long  as  the  lamp  is  Avorking  in  its  normal  condition 
this  Aveighted  core  is  held  up  Avithin  its  coil,  and  the  length  of  the  arc  is 
controlled  by  the  movements  of  the  core  of  the  shunt  coil,  and  this,  in  its 
turn,  is  affected  by  the  variations  of  current  })assing  through  its  coil,  Avhich 
are  inverse  to  those  in  the  arc. 

Keferring  to  the  illustrations.  Fig.  289  is  a-  general  view  of  the  single 
carbon  lamp,  the  doors  of  tlie  case  being  open  in  order  to  show  the  internal 
mechanism,  which  is  shoAvn  more  in  detail  in  the  diagram  Fig.  290,  all  the 
superfluous  parts  and  fittings  being  omitted  for  the  sake  of  greater  clearness. 


Figs.  289  and  290.  Hochhausen’s  Single  Carbon  Lamp 
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In  this  figure,  X and  Y are  the  upper  and  lower  carbons  res}>ectively.  The 
terminals  of  the  lamp  at  which  the  current  enters  and  leaves  it,  are  marked 
+ and  — , the  arrows  indicating  the  directions  of  the  currents  in  traversing 
the  apparatus.  H is  the  upper  carbon-holder  to  which  is  attached  a rack 
(shown  in  the  figure),  and  which  gears  into  a pinion  forming  part  of  the 
feeding  and  controlling^  mechanism.  A and  B ai'e  the  regulatings  solenoids, 
the  upper  of  which,  wound  with  thick  wire,  is,  it  will  be  seen,  included  in 
the  circuit  of  the  arc,  and  when  in  action,  holds  up  within  it,  its  core,  to 
which  the  weight  M is  attached.  To  the  core  of  the  shunt  solenoid  B — - 
which  is  wound  with  fine  wire  of  a high  resistance — is  attached,  by  means 
of  a pair  of  links,  the  lever  G G,  which  tends  to  draw  the  core  out  of  the 
solenoid,  by  the  joint  action  of  the  dead  weight  C and  the  spring  K, 
the  tension  of  which  is  adjustable  by  the  screw  S and  bell-crank  lever  T. 
The  feeding  and  releasing  mechanism,  the  framework  of  which  is  attached 
to  the  lever  G G,  consists  of  a train  of  wheels  driven  by  the  rack  on  the 
upper  carbon-holder,  and  controlled  by  the  vibrating  pallet  P and  escape- 
ment wheel  E,  with  which  it  works,  and  this  pallet  and  wheel  can  be  fixed 
or  released  by  a locking  bar  (shown  above  the  lever  T)  which  engages  with 
the  i>oint  of  a vibrating  fly  attached  to  the  pallet. 

The  action  of  the  apparatus  is  briefly  as  follows  : The  current,  in 
traversing  the  lamp,  has  two  routes  open  to  it,  one  through  the  carbons 
across  the  arc  and  through  the  solenoid  A,  the  other  as  a shunt  to  the  arc 
circuit,  through  the  high-resistance  helices  B.  If  the  arc  become  too  long, 
a larger  proportion  of  the  current  will  be  diverted  through  the  shunt 
coils  B,  and  their  cores  will  be  attracted,  drawing  down  with  them  the 
lever  G,  and  therefore  the  train  of  wheels  controlling  the  feed.  The 
vibrating  arm  of  the  pallet  will  thereby  be  released,  and  in  its  oscillations 
will  allow  the  escapement  wheel  to  rotate  tooth  by  tootli,  and  so  will  feed 
the  upper  carbon  downwards,  until,  through  the  diminution  of  the  resistance 
of  the  arc,  a smaller  proportion  of  the  current  is  transmitted  through  the 
shunt  coil  B,  which  is  no  longer  capable  of  attracting  its  core  against 
the  opposing  influence  of  the  counterweight  C and  tension  spring  K;  the 
core  therefore  rises,  and  with  it  the  controlling  train,  the  })allet  arm  coming 
into  contact  with  the  locking  bar  is  held  in  its  place,  the  train  is  stopped, 
and  the  upper  carbon  is  held  in  a fixed  position  until  another  change  in  the 
resistance  of  the  arc  takes  place,  when  the  process  is  repeated. 

It  will  be  observed  that  as  long  as  there  is  a current  }>assing  from 
one  carbon  to  the  other  it  must  traverse  the  coils  of  the  solenoids  A, 
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which  are  included  in  the  same  circuit,  and  the  weight  M is  held  up  in  the 
position  shown  in  the  diagram.  The  moment,  however,  that  the  current  is 
interrupted,  either  through  the  breaking  of  a carbon  I'od  or  from  any  other 
cause,  the  weight  M drops  on  to  the  end  of  the  lever  G,  performing  suddenly 
that  which,  under  ordinary  circumstances,  the  solenoids  B do  gradually ; 
the  upper  carbon  is  released  entirely  from  the  I'egulating  train,  and  droj)})ing 
on  to  the  lower  carbon,  restores  the  circuit  through  the  carbons  and  the 
coils  A ; the  weight  M is  once  more  lifted  off  G,  and  the  spiing  K is  then 
able  to  separate  the  carbons  and  establish  the  arc. 

In  order  to  guard  against  the  very  remote  possibility  of  a series  of 
lamps  becoming  extinguished  through  the  feed  of  one  of  them  being  stopped 
by  any  derangement  or  obstruction  in  the  regulating  mechanism,  each  lamp 
is  provided  with  an  automatic  switch  (not  shown  in  the  drawing),  whereby 
the  offending  lamp  is  instantly  cut  out  of  circuit  without  affecting  the 
performance  of  other  lamps  operated  by  the  same  current ; and,  by  another 
simple  device,  this  same  switch  or  “cut-out”  is  thrown  into  action  when 
the  carbons,  in  their  consumption,  become  so  short  that  there  is  danger  of  the 
fittings  of  the  lamp  being  injured  by  the  heat  of  the  arc  through  either 
radiation  or  conduction. 

Fig.  291  is  a sectional  elevation  of  the  double  carbon  or  sixteen-hour 
lamp,  together  with  its  globe  and  globe  fittings.  The  principle  of  action,  as 
well  as  the  details  of  construction,  of  the  feeding  and  controlling  mechanism 
of  this  lamp,  are  identical  with  those  of  the  single  lamp  just  described,  but  it 
is,  of  course,  larger,  and  there  are  in  it  certain  devices  and  points  of  interest 
which  are  not  possessed  by  the  smaller  instrument.  B and  B‘^  are  the  two 
upper  carbon-holders,  while  is  the  holder  common  to  both  the  lower 
carbons.  C C are  the  main  circuit  solenoids,  and  L the  weight  attached  to 
their  cores.  The  two  shunt  helices  are  shown  at  D D,  while  a h G and  G'* 
represent  some  of  the  parts  of  the  controlling  apparatus,  which  is  rej)eated 
for  each  pair  of  carbons,  the  two  trains  being  (|uite  separate  and  distinct 
from  one  another.  The  lower  part  of  the  figure  illustrates  the  method  of 
fixing  the  lower  carbons,  as  well  as  the  fittings  of  the  opal  glass  globe  IB. 
The  whole  arrangement  is  very  com})act  and  ingenious,  and  gives  great 
facilities  for  fixing  or  removing  the  globe  or  replacing  the  c'arbons  when 
consumed.  Above  the  globe  is  a hood  K®,  surmounted  by  a tube  or 
chimney  K^,  constructed  of  thin  sheet  metal,  which  slides  after  the  manner 
of  a telescope  into  a similar  tube  K®,  which  is  attached  to  the  base-plate  A‘^ 
of  the  nigulating  })ortion  of  tin;  lamp.  By  this  arrangement  the  carbon- 
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holders  are  protected  from  dust  and  injury,  and  the  arc  is  shielded  from 
disturbino’  currents  of  air. 

O 

It  is  obvious  that,  as  the  object  of  employing  two  pairs  of  carbons 
in  one  apparatus  is  to  double  the  period  during  which  a lamp  will  keep  in 
operation  without  attention,  a lamp  would  be  useless  for  that  purpose,  unless 
it  were  provided  with  an  automatic  arrangement,  whereby  the  one  pair  of 
carbons  held  in  reserve  should  start  into  operation  upon  the  consumption  of 
the  second  pair ; and  it  will  be  remembered*  that  in  the  double-carbon  lamp 
devised  by  Mr.  Brush,  this  was  effected  by  a couple  of  jamming  washers  of 
peculiar  construction  encirchng  the  carbon-holders,  and  acted  on  by  a lever 
and  solenoid.  In  the  arrangement  adopted  by  Mr.  Hochhausen  the  upper 
carbon  of  the  second  pair  is  held  up  by  a detent  until  the  first  pair  has 
descended  to  a certain  point,  wdien  it  is  released 
mechanically,  and  is  immediately  started  into  action. 

This  arrangement  is  shown  in  Fig.  292-  A and  B 
are  the  two  upper  carbon-holders,  of  which  A is 
that  belonging  to  the  reserve  carbon,  and  B is  the 
holder  of  that  which  has  nearly  burnt  out.  Each  is 
provided  with  a projecting  stud  or  stop  marked  m 
and  n respectively,  and  the  rod  A is  kept  from 
descending  by  its  stop  m,  resting  against  the  point 
of  the  bell-crank  detent  D,  which  is  pivotted  at  C,  and  held  up  against  m, 
by  the  tension  spring  S.  The  vertical  distance  between  m and  n,  when 
both  carbons  are  new,  is  equal  to  the  length  of  carbon  to  be  consumed,  and 
when  the  carbon  attached  to  B is  approaching  its  finish,  the  projecting 
stud  n,  pressing  on  the  detent  lever  D,  and  overcoming  the  tension  of  the 
spring  S,  depresses  the  right-hand  arm  of  D,  and  thereby  releases  m, 
allowing  A to  descend  and  establish  the  arc  between  the  carbons  of  its 
corresponding  pair. 

In  all  the  Hochhausen  lamps  the  framework  of  the  apparatus  is  care- 
fully insulated  from  every  part  through  which  the  current  is  transmitted, 
and  the  suspension  rods  and  (Fig.  291)  are  thickly  glazed  with  por- 
celain, so  that  accidents  from  shocks  through  handling  the  lamp  are 
rendered  impossible. 

* See  “Electric  Illumination,”  Vol.  I.,  page  429. 


THE  FERRANTI-THOMSON  DYNAMO. 

rpHE  Ferranti-Thomson  machine — which  is  the  joint  invention,  or  to 

speak  more  correctly,  a combination  of  the  inventions  of  Mr.  S.  Ziani  de 
Ferranti  and  of  Sir  William  Thomson — is  an  alternating  current  machine  of 
an  exceedingly  interesting  and  original  type,  the  special  characteristic  feature 
being  the  armature,  which  contains  neither  wire  nor  iron,  and  is  of  such 
small  dimensions  and  weight  that  it  can  be  rotated  at  a very  high  velocity 
between  the  magnetic  poles  (which  in  small  machines  are  only  separated 
by  a distance  of  three-quarters  of  an  inch),  and  therefore  moves  within  a 
magnetic  field  of  very  great  intensity. 

In  general  external  appearance,  the  Ferranti  machine  has  some  resem- 
blance to  the  Siemens  alternating,  and  Wilde  machines,  but  the  resemblance 
is  only  superficial,  for  not  only  are  the  armatures,  and  construction  and 
arrangement  of  the  field  magnets,  quite  distinct  from  either  of  those 
machines,  but  the  principle  of  action  is  altogether  difterent.  The  form  and 
construction  of  the  Ferranti  armature,  which  will  be  described  in  detail 
further  on,  may  be  understood  by  imagining  an  eight-toothed  pinion,  18  in. 
in  diameter,  and  ^ in.  thick,  around  which  are  loosely  wound  twelve  turns 
of  copper  ribbon  ^ in.  wide,  having  an  insulating  band  of  the  same  width 
wound  with  it,  so  as  to  insulate  contiguous  convolutions  from  one  another  ; 
if  now,  by  any  median  ical  contrivance  (such,  for  exanqile,  as  causing  the 
pinion  so  coiled  to  gear  into  another  similar  wheel)  the  copper  ribbon  be 
forced  into  the  spaces  between  the  teeth,  an  undulating  outline,  which  will 
be  parallel  to  that  of  the  circumferential  surface  of  the  pinion  on  which  it  is 
wound,  will  be  given  to  it,  and  if  the  pinion  be  then  removed,  the  copper 
strip  will  be  left  as  a hollow  pinion-shaped  star,  which,  when  mounted  iq)on 
a spindle  passing  through  its  axis  would,  to  all  intents  and  ])ur[)oses,  be  a 
F erranti  armature. 

The  armature  is  composed  of  a continuous  strip  of  thin  copper  ribbon. 
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coiled  upon  itself  with  an  insulating  tape  between  its  convolutions,  and 
having  the  undulating  or  pinion-shaped  outline  which  we  have  already 
described.  There  is  no  iron  core  to  this  armature,  the  interior  space  being 
quite  open,  thus  permitting  of  free  circulation  of  air  in  and  around  the  copper 
coil  while  the  machine  is  running.  The  weight  of  this  portion  of  the 
apparatus  is  insignificant,  ai.id  this  is  perhaps  the  most  interesting  feature 
of  the  machine. 

The  small  size  of  the  armature,  and  especially  its  thinness  (in  small  ones 
only  half  an  inch),  enables  it  to  be  run  within  a very  narrow  magnetic 
field,  and  therefore  one  of  exceptionally  high  intensity.  The  field  mag- 
nets are  arranged  in  two  crowns  around  a pair  of  discs  of  cast  iron  which 
form  the  outer  framework  of  the  machine,  their  free  ends  which  constitute 
the  poles  of  one  set  of  magnets,  being  directed  towards  the  free  ends  of  the 
opposite  set,  and  towards  the  armature  which  rotates  between  them.  Each 
crown  is  built  up  of  sixteen  electro-magnets,  which  are,  like  the  armature 
coils  of  the  Wallace- Farmer  machine,*  sector-shaped  in  cross  section,  and 
the  exciting  coils  with  which  they  are  wound  are  also  of  similar  shape ; 
in  fact,  if  a picture  of  the  Wallace- Farmer  armature  were  altered  so  as 
to  show  a crown  of  sixteen  coils  instead  of  twenty-three,  it  would  convey 
a very  fair  idea  of  the  arrangement  of  field  magnets  in  the  Ferranti 
machine.  As,  however,  the  current  generated,  by  this  machine  is  alter- 
nating in  character,  the  field  magnets  have  to  be  excited  by  a separate 
machine,  and  for  this  purpose  a small  Siemens  dynamo  may  be  employed. 
The  magnets  are  each  wound  with  insulated  copper  wire  of  about  No.  10 
B.W.G.,  and  are  all  connected  together  in  series  in  such  a manner  as  to  pro- 
duce alternate  polarity  around  the  crown,  so  that  any  point  in  the  armature 
passes  alternately  a north  pole  and  a south  pole  in  its  rotation  around  its  axis. 

At  one  of  the  first  installations  of  this  machine,  it  was  driven  by  one  of 
Messrs.  Fowler’s  semi-portable  IG-horse  engines,  developing  at  the  flywheel 
about  26  horse-power,  and  by  a countershaft,  at  a speed  of  1900  revolutions 
per  minute,  giving  a mean  velocity  to  the  armature  of  about  7600  ft.  per 
minute,  a velocity  which,  by  reason  of  the  extreme  lightness  of  the  moving 
parts,  was  in  no  way  inconvenient,  and  gave  no  trouble,  and  as  there  were 
sixteen  pairs  of  magnets  of  alternating  polarity,  it  follows  that  there  were 
no  less  than  500  reversals  of  the  current  every  second,  or  30,000  per 
minute. 

There  is  no  commutator  to  the  machine,  the  armature  being  connected 

* See  “ Electric  Illumination,”  Vol.  I.,  page  183. 
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to  the  outside  circuit  in  a manner  precisely  similar  to  that  adopted  in  some 
of  the  early  Saxton  machines — that  is  to  say,  one  end  of  the  armature  con- 
ductor is  permanently  connected  to  one  metallic  collar  fixed  to,  and  forming 
part  of,  the  spindle  upon  which  it  rotates,  and  the  other  end  is  attached  to 
another  similar  collar  fixed  to  the  spindle,  but  insulated  from  it.  Upon  the 
circumference  of  each  of  these  collars,  is  pressed  a piece  of  metal  like  a brake 
block,  attached  to  the  end  of  a short  lever,  so  as  to  maintain  a good  rubbing 
contact,  and  these  two  levers  are  connected,  the  one  to  a terminal  screw 
of  the  machine,  and  the  other  to  a teiminal  screwed  into  the  framework  of 
the  apparatus. 

On  the  occasion  of  the  first  exhibition  of  this  dynamo,  320  twenty- 
candle  Swan  lamps  were  arranged  in  107  groups,  that  is  to  say,  106  groups 
of  three  lamps,  each  in  series,  and  one  group  having  two  lamps  in  series, 
and  the  constancy  of  illumination  at  a constant  speed  of  the  engine  was  all 
that  could  be  desired.  With  300  lights  in  use,  the  electrical  energy  being 
thrown  into  the  circuit  was  about  22^  horse-power. 

The  following  are  some  of  the  figures  connected  with  this  very  interest- 
ing machine  and  installation  : 


Resistance  of  armature 

,,  ,,  lamp  circuit 

Total  resistance 
E.M.  F.  in  main  circuit 
Current  ,,  „ 

Resistance  of  lamps,  each  ... 
Current  ahsorhed  l>y  each  lamp 
E.M. F.  taken  „ ,, 


.0205  ohms. 
.7735  „ 

.8 

125  volts. 

156  amperes. 
31.5  ohms. 

1.3  amperes. 
41  volts. 


The  weight  of  machine  and  exciter  was  about  1500  lb.,  giving  13  volt- 
amperes  per  pound  weight  of  apparatus. 

The  three  special  features  of  the  Ferranti  dynamo  are  : 

1.  Small  weight  of  moving  conductor. 

2.  High  velocity  of  ditto. 

3.  Intense  magnetic  field. 

The  first  is  obtained  by  the  peculiar  shell-like  character  of  the  armature 
which  has  no  iron  cores  to  add  to  the  weight,  or  to  absorb  energy  in  the 
production  of  local  currents,  and  therefore  of  heat,  and  these  conditions 
control  the  second  element,  enabling  the  machine  to  be  run  with  advan- 
tage at  a high  velocity.  The  third  element  of  efficiency  is  rendered 
possible  to  an  exceptional  degree  l)y  the  form  and  dimensions  of  the 
armature,  for,  as  that  part  of  the  ap[)aratus  is  so  very  thin,  the  poles  of 
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the  inai^ncts  can  be  approaehed  to  within  a small  fraction  of  an  inch  of  that 
distance,  and  the  convolutions  of  the  armature  are  thus  under  the  best 
possible  conditions  to  be  influenced  by  electro-magnetic  induction  ; this  fact 
is  alone  sufficient  to  account  for  a large  proportion  of  the  efficiency  of  the 
Ferranti  machine. 

Fig.  293  shows  the  arrangement  of  a Ferranti  dynamo  made  to  supply 
5000  incandescence  lamps,  each  requiring  a current  having  an  electro- 


Fig.  293. 

motive  force  of  200  volts,  and  a current  of  .33  amperes.  It  comprises 
three  principal  parts,  each  of  which  is  self-contained;  the  armature  (Fig.  294) 
and  the  two  sets  of  field  magnets  (Fig.  295).  The  former  consists  of  two 
discs  or  bosses  insulated  from  each  other  and  from  the  shaft,  and  carrying 
between  them  an  insulated  brass  ring.  To  the  periphery  of  this  ring  there 
are  fastened  at  equal  intervals  eight  copper  strips  l^in.  wide  and  1.75  mm. 
thick,  and  these  strips  are  then  bent  into  the  undulating  form  shown  in 


304 


The  Ferranti  5000-Lamp  Dynamo. 


Fig,  294,  each  strip  making  the  circuit  of  the  sinuous  periphery  of  the 
armature  twice,  and  being  secured  at  its  outer  end  to  a rivet  in  electrical 


Fig.  295. 


contact  with  one  of  the  discs.  Thus,  as  tlic  strips  are  divided  froin  each 
other  by  insulating  material,  there  are  eight  parallel  circuits  around  tlie 
armature,  each  starting  from  the  iiitei'iial  brass  ring  and  ending,  after  two 


The  Ferranti  Dynamo : Collectors  and  F'ield  Magnets.  305 

complete  revolutions,  at  one  of  the  bosses.  At  either  side  of  the  armature 
is  a collector  ring,  one  of  them  being  joined  by  a heavy  copper  connection 
(Fig.  294)  to  the  internal  brass  ring,  and  the  other  to  the  opposite  disc,  so 
that  the  two  rinofs  form  the  terminals  of  the  armature  circuit.  The  current 
is  not  taken  off  by  brushes  in  the  usual  way,  but  by  solid  rubbing  pieces 
(Fig.  296)  which  embrace  both  sides  of  the  collector  rings,  and  are  held  up 
to  their  places  by  springs.  The  current  is  led  from  these  collectors  down 
heavy  copper  bars,  enclosed  in  a casing  on  the  outside  of  the  framing 
(Fig.  293)  to  two  terminal  studs,  by  which  it  is  transmitted  to  the  main 
leads.  The  outside  diameter  of  the  armature  is  36  in.,  and  its  speed  rather 
less  than  1000  revolutions  per  minute,  at  which  rate  it  will  furnish  about 
2000  amperes  of  current  with  an  electromotive  force  of  200  volts.  As  the 
machine  is  separately  excited  from  an  independent  generator,  and  as  its 
internal  resistance  is  exceedingly  small  in  comparison  with  that  of  the 
outside  circuit,  to  which  it  will  be  applied,  it  follows  that  the  difference  of 
potential  at  the  terminals  will  be  sensibly  constant  for  a given  speed, 
whether  there  be  few  or  many  lamps  in  action,  and  that  these  will  burn  with 
the  same  brilliancy  whether  a part  or  the  whole  of  them  be  lighted.  Further, 
as  the  amount  of  current  in  circulation  varies  exactly  with  the  number  of 
lamps  in  action,  the  power  absorbed  by  the  machine  rises  and  falls  with  the 
amount  of  light  produced,  and  there  is  no  waste  of  fuel  at  the  time  when 
the  demands  for  current  are  but  slight. 

Although  the  armature  shows  considerable  improvement  in  details  from 
the  form  in  which  it  originally  appeared,  and  as  above  described,  yet  it  is  in 
the  field  magnet  that  the  most  striking  alterations  are  to  be  seen.  There 
are  thirty-two  magnets  on  each  side,  alternately  north  and  south,  each  north 
pole  being  confronted  by  a south  pole,  and  likewise  having  a south  pole  on 
either  side  of  it.  The  cores  of  the  magnets  are  cast  with  the  framing, 
which,  as  shown  in  Fig.  295,  is  made  in  halves,  and  thus  by  the  removal  of 
six  bolts  the  machine  may  be  divided  in  the  centre,  and  the  whole  of  the 
internal  parts  laid  open  for  inspection,  while  at  the  same  time  there  is  no 
danger  of  accidents  from  parts  jarring  loose  and  getting  into  the  path  of 
the  armature.  The  magnet  cores  are  excited  by  a current  circulating  among 
them  through  a system  of  copper  bars.  These  are  of  rectangular  section 
fin.  by  |^in.,  and  are  bent  in  a special  machine  to  a shape  somewhat  like 
that  of  the  conductor  in  the  armature.  Supposing  the  cores  to  be  numbered 
1,  2,  3,  &c.,  the  first  bar  will  pass  over  1,  under  2,  over  3,  under  4,  and  so 
on  ; the  second  bar  will  pass  under  1,  over  2,  under  3,  over  4,  and  so  on  for 
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the  whole  nine  bars  and  thirty-two  cores,  and  thus  each  core  will  be  com- 
pletely surrounded  both  at  its  sides  and  ends  by  copper  conductors.  The 
exciting  current  will  flow  in  the  front  or  outermost  bar  down  between 
1 and  2,  up  between  2 and  3,  down  between  3 and  4,  and  so  on  ; in  the 
next  bar  it  will  follow  the  same  course,  and  so  through  the  whole  nine,  the 
connections  being  made  in  such  a Avay  as  to  secure  that  the  current  in  all 
the  conductors  between  each  pair  of  cores  shall  flow  in  the  same  direction. 
In  each  undulation  of  the  bars  there  are  four  plugs  of  insulating  material 
inserted,  and  these  act  as  distance  pieces  to  keep  the  metal  out  of  contact. 
Likewise  a groove  is  cut  along  each  corner  of  the  cores,  and  a key  of 
insulating  material  inserted  in  it  to  keep  the  copper  and  the  iron  apart. 
The  current  from  the  exciter  enters  at  one  of  the  upper  studs  (Fig.  293), 
traverses  one  set  of  copper  bars,  is  then  conveyed  to  the  other  set  by  a con- 
necting bar  omitted  in  the  figure,  and  finally  emerges  at  the  second  terminal. 

The  various  details  of  the  generator  have  been  designed  with  great 
care.  Each  bearing  has  an  oil  cup  of  the  usual  form,  and  in  addition  to 
this,  three  oil  pipes  in  connection  with  a pump  driven  by  the  countershaft, 
and  through  these  latter  lubricants  can  be  forced  if  the  ordinary  means  fail 
to  keep  the  bearings  cool ; all  the  parts  are  made  interchangeable,  and  the 
whole  machine  can  be  entirely  taken  to  pieces  in  a short  time. 

Figs.  296  to  313  illustrate  the  Ferranti  continuous  current  dynamo, 
which  is  used  to  generate  the  current  circulating  in  the  field  magnet  con- 
ductors of  the  large  machine.  From  these  drawings  it  will  be  seen  that 
very  great  care  and  thought  have  been  expended  over  the  mechanical  con- 
struction, and  that  everything  has  been  done  that  was  possible  in  the  way 
of  providing  ample  bearing  surfaces  and  efficient  means  of  lubrication,  to 
insure  that  the  original  conception  shall  not  suffer  from  being  carried  out 
under  unsatisfactory  mechanical  conditions. 

The  general  design  is  that  of  a Ferranti  machine  having  five  branches 
or  sinuosities  in  the  armature,  and  ten  field  magnets  on  either  side  of  it. 
The  magnet  cores  are  cast  with  the  frames  and  are  wrapped  with  co])pei‘ 
strips  1^-  in.  wide  by  f in.  thick,  bent  edgeways  so  that  they  }>ass  in  a zigzag 
fashion  backwards  and  forwards  between  the  cores,  each  strip  passing  not 
round  and  round  one  particular  core  as  is  usual  in  the  conductors  of  electro- 
magnets, but  under  one,  over  the  next,  under  the  succeeding  one,  and  so  on 
in  the  manner  already  described  with  reference  to  the  larger  machine. 
The  alternate  sb’ips  are  apj)lied  to  break  joint,  as  it  were,  and  thus  each  core 
is  completely  surrounded  with  conductors,  not  only  at  the  sides,  but  also  at 
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the  top  and  bottom.  The  magnet  poles  are  alternately  of  north  and  south 
polarity,  the  current  flowing  in  one  direction  between  any  two  cores,  pro- 
ducing a north  pole  in  the  right-hand  core,  and  a south  pole  in  the  left-hand 
core,  the  connections  between  the  strips  being  so  arranged  that  the  currents 


Fig.  296. 


Fig.  297. 


in  them  all  tend  to  produce  the  same  effect  on  a given  core.  The  strips  are 
insulated  from  one  another  and  from  the  iron  cores  by  pieces  of  vulcanised 
fibre,  and  after  they  have  been  laid  in  their  places,  are  secured  by  two  brass 
hoops,  one  encircling  the  outer  periphery  of  all  the  cores  and  one  lying 
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within  them.  The  exciting  current  enters  at  one  terminal  (Fig.  299), 
traverses  the  strips  on  one  set  of  magnets,  is  then  led  by  a copper  connect- 
ing piece  (Fig.  300)  to  the  other  strips,  and  thence  to  the  second  terminal. 

The  armature  consists  of  a boss  having  five  double  arms  (Figs.  297  and 
298)  carrying  four  copper  strips  1^  in.  wide  by  two  millimetres  thick,  bent 
into  a sinuous  form  somewhat  resemblingf  the  outline  of  a wheel  with  five 
blunt-pointed  teeth.  Each  strip  makes  twm  complete  courses  round  the 
armature,  and  is  connected  at  either  end  to  an  insulated  conductor  passing 
through  the  main  spindle  (Fig.  301).  The  whole  mass  of  the  strips  is  fixed 
to  the  boss  by  thimbles  and  rivets  (Fig.  297). 


Coming  now  to  the  commutator,  it  will  be  seen  that  it  differs  in  con- 
struction entirely  from  any  previous  device  for  the  same  purpose.  The 
rubbing  surfaces  are  not  set  around  the  circumference  of  the  commutator  as 
is  usual,  but  at  its  end,  and  they  move  in  contact  with  solid  collecting  pieces 
in  place  of  brushes.  There  are  ten  fixed  collecting  jiieccs  arranged  in  a 
circle,  and  connected  alternately  to  the  positive  and  negative  leads,  and  there 
are  six  moving  contact  })ieces  sliding  over  them,  three  jointed  to  one 
terminal  of  the  armature,  and  three  to  the  others.  At  a <^iven  moment 
when  a current  is  being  generated  in  the  armature  in  one  direction,  three 
moving  contact  pieces  connected  to  one  end  of  it,  stand  op})osite  three  of 
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the  fixed  collecting  pieces  which  are  in  communication  with  (say)  the 
positive  lead,  and  the  contact  pieces  in  connection  vdth  the  other  end  are 
similarly  in  communication  with  the  negative  lead.  When  the  armature 
has  I’otated  3G  deg.  the  current  in  its  conductor  becomes  opposite  to  that 
just  imagined,  and  at  the  same  time  the  three  contact  pieces  which  were 
touching  the  positive  collecting  pieces,  become  transferred  to  the  negative 
collecting  pieces,  and  vice  versd.  Between  the  two  instants  when  the 


current  is  flowing  one  way  or  the  other  in  the  armature,  there  is  a moment 
of  rest  or  neufrality,  and  at  that  time  the  contact  pieces  are  passing  over 
insulated  blocks  interposed  between  the  positive  and  negative  collecting  pieces. 

The  general  appearance  of  the  commutator  is  to  be  seen  in  the  perspec- 
tive view  Fig.  216,  while  Fig.  297  is  a plan  of  it.  The  main  spindle  is  hollow 
for  a portion  of  its  length,  and  within  it  there  are  placed  two  insulated  con- 
ductors E (Figs.  301  and  311),  one  connected  to  each  end  of  the  armature. 
Two  insulated  teiminals  are  screwed  into  the  conductors  (Figs.  309  and  311), 
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and  convey  the  current  to  two  insulated  half  discs  B B (Fig.  313)  hxed  to 
the  end  of  the  spindle.  Uj)on  these  half  discs  there  are  six  raised  contact 
pieces,  1 to  6,  the  odd  numbers  being  connected  to  one  pole  and  the  even 
numbers  to  the  other.  Opposite  to  the  half  discs  there  is  mounted  a 
stationary  plate  A (Figs.  301,  304,  and  307),  in  whose  face  there  are  15 
sectors  marked  a,  h,  c,  of  which  five  are  connected  to  the  positive  terminal 
of  the  machine,  five  to  the  negative  terminal,  and  hve  are  insulated.  Those 

Fig.  302.  Fig.  309.  Fig.  310. 


Fig.  307.  Fig.  308.  Fig.  313. 


marked  a form  part  of  the  front  plate  A,  which  is  a ring  with  five  fingers 
pointing  inwardly  towards  the  centre  ; those  marked  h constitute  the  star- 
like  end  of  the  spindle  which  carries  the  plate  A,  while  those  marked  c 
(Figs.  306,  307,  and  308),  are  sej)arate  blocks  fixed  by  their  llanges  to  the 
insulating  material  between  the  plates  A and  A^  (Fig.  304)-  A bundle  of 
copper  strips  connects  the  ])late  A to  one  terminal  (Figs.  301  and  305),  while 
a second  bundle  joins  the  plate  A^  to  the  second  terminal  (Fig.  301).  There 
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is  a worm  G and  a worm  segment  D (Fig.  302),  by  which  the  collectors  can 
be  set  to  the  place  of  least  sparking. 

A moment’s  retlection  will  show  that  if  the  disc  B be  applied  to  A in 
such  a position  that  the  contact  piece  1 (Fig.  313)  coincides  with  a sector  a 
(Fig.  307),  then  the  pieces  3 and  5 will  also  coincide  with  two  other  sectors 
a,  and  the  pieces  2,  4,  and  6 will  coincide  with  three  of  the  sectors  h.  At 
such  a time  the  ten  radial  portions  of  the  armature  will  be  passing  in  front 
of  the  poles  of  the  magnetic  field  and  the  current  will  be  at  its  maximum. 
From  this  point,  a rotation  of  18  deg.  will  carry  the  armature  bars  into  the 
neutral  spaces  between  the  poles,  and  during  this  motion  the  current  will 
have  fallen  from  its  maximum  to  zero,  and  at  the  same  time  all  the  pieces 
1 to  6 will  have  been  transferred  from  the  sectors  a and  b to  the  insulated 
sector  c,  and  thus  all  communication  between  the  armature  and  the  external 
' circuit  will  be  cut  off.  Another  18  deg.  of  rotation  exactly  reverses  the 
first  conditions,  and  as  the  current  is  now  flowing  in  the  opposite  direction 
in  the  armature,  it  follows  that  it  maintains  its  old  course  in  the  external 
circuit,  while  the  impulses  follow  each  other  with  such  rapidity  that  they 
form  practically  a continuous  current.  The  machine  is  intended  to  run  from 
300  to  400  revolutions  per  minute,  and  at  that  speed  gives  a current  of  800 
amperes  with  an  electromotive  force  of  10  volts. 


THE  BRUSH  INCANDESCENCE  SYSTEM. 


ri'lHE  Brush  Company  was  formed  at  a time  when  incandescence  lighting 
was  almost  unheard  of,  and  at  once  achieved  an  amount  of  success  that 
kept  them  fully  employed,  leaving  them  but  little  time  for  the  production  of 
novelties.  As  the  march  of  events,  however,  quickly  showed  that  a firm 
which  was  not  in  a position  to  supply  lamps  for  domestic  purposes,  would  be 
left  behind  in  the  active  competition  for  public  favour,  the  company  acquired 
the  Lane-Fox  patents,  and  was  thus  presumably  in  a position  to  execute 
contracts  for  any  description  of  electric  lighting.  But  for  some  reason  or 
other,  Brush  incandescence  installations  were  few  and  far  between,  and 
the  public,  while  freely  buying  their  generators  and  arc  lanqis,  conceived  the 
opinion  that  they  did  not  excel  in  the  newer  department,  and  this  feeling 
was  signally  confirmed  when  the  Metropolitan  Brush  Company  was  found 
to  have  erected  a number  of  Swan  lanqis  fed  by  a Siemens  generator.  The 
passing  of  the  Electric  Lighting  Act,  and  the  demands  of  the  sub-com])anies, 
who  quickly  found  that  the  business  in  incandescence  lighting  far  exceeded 
that  upon  which  the  Brush  Company  had  made  its  reputation,  brought  the 
matter  prominently  before  the  Board,  and  consequently  their  attention,  and 
that  of  their  staff  under  the  direction  of  Mr.  Percy  B.  Allen,  became 
devoted  to  the  elaboration  of  a complete  system  including  generators, 
regulators,  lanq)S,  holders,  switches,  and  all  the  various  details  connected 
with  the  generation  and  control  of  the  current. 

As  is  well  known,  the  Brush  Company  own  several  dynamo  patents  in 
addition  to  the  one  l>y  which  they  are  best  known,  and,  therefore,  when 
it  became  a question  of  manufacturing  a machine  expressly  for  incandescence 
lighting,  they  did  not  need  to  }>roduce  an  entirely  new  desigji,  but  selected 
the  Shuckert  generator  from  their  repertory,  modifying  it  to  suit  the  altered 
conditions  under  which  it  was  required  to  work.  It  will  bo  remembered 
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that  the  Shuckert  machine*  has  an  armature  consisting  of  a disc  wound 
Gramme-fashion,  and  revolving  between  two  pole-pieces  that  have  deep 
extensions  embracing  the  sides  of  the  disc.  The  field  magnets,  commu- 
tator, &c.,  are  similar  to  those  of  the  Gramme  machine,  indeed  the  only 
difference  is  the  substitution  of  a disc  for  the  ring  in  the  armature. 
Originally  intended  to  feed  a number  of  arc  lamps  arranged  in  series,  the 
machine  furnished  a current  of  very  moderate  intensity  and  of  high  potential, 
conditions  which  were  totally  inapplicable  to  incandescence  lighting.  The 
long  coils  of  fine  wire  had  therefoi-e  to  be  replaced  by  a much  coarser 
conductor,  and  at  the  same  time  the  diameter  of  the  disc  was  increased,  and 
the  number  of  field  poles  was  raised  from  two  to  four.  This,  of  course, 
produced  four  neutral  points  in  the  field,  and  necessitated  the  use  of 


Fig.  314. 


four  brushes  on  the  commutator  to  collect  the  currents,  which  could  be 
employed  to  feed  two  independent  circuits,  or  be  coupled  parallel  into  one 
cult.  Ti^s.  314,  315,  and  316,  show  the  modified  Shuckert  generator  as 
now  constructed,  while  Fig.  317  illustrates  a further  modification,  in  which 
three  armature  discs  are  mounted  upon  one  spindle,  each  revolving  within 
corresponding  polar  extensions,  which  are  hidden  from  view  in  the  figure. 
A considerable  number  of  the  former  variety  of  these  machines  has  been 
made,  and  very  good  results  have  been  realised.  They  give  a good  return 
in  current  from  the  power  expended,  and  maintain  the  lights  with  greater 
uniformity. 

When  the  field  magnets  of  the  generators  are  “shunt  wound,”  their 
production  will  vary  to  a certain  extent  with  the  demands  of  the  circuit. 
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but  yet  not  sufficiently  so,  as  to  allow  more  than  a moderate  proportion  of 
the  lamps  to  be  turned  out  without  danger  of  injury  to  the  remainder.  To 
remedy  this  defect,  and  to  render  it  possible  that  any  number  of  the  lamps  on 
a circuit  miofht  be  extinguished  without  regfard  to  the  rest,  Mr.  Allen  devised 
an  automatic  regulator  which  acts  upon  the  field  magnets  of  the  generator 
in  such  a way  that  the  difference  of  potential  at  the  poles  is  kept  constant, 
whether  the  current  be  strong  or  weak.  Fig.  316  shows  the  regulator  and 
the  dynamo  as  they  appear  when  at  work.  Fig.  318  is  an  elevation  partly  in 
section  of  one  part  of  the  regulator,  and  Fig.  319  is  a diagrammatic  view, 
explanatory  of  its  method  of  action.  Referring  to  this  latter  figure  it  will 
be  seen  that  the  magnet  coils  of  the  venerator  form  a shunt  to  the  main 

“ o 

circuit,  and  have  connected  with  them  two  jhles  of  carbon  plates  through 


which  the  magnetising  current  must  flow.  These  plates  are  contained 
within  a vertical  cylindrical  case  (Figs.  316  and  318),  and  have  an  electrical 
resistance  varying  according  to  the  pressure  brought  to  bear  upon  them. 
For  every  change  in  the  number  of  lam[)s  burning  on  the  circuit  a change 
is  made  in  the  pressure  upon  these  plates;  when  the  lamps  are  increased 
the  plates  are  forced  tighter  together,  and  when  the  lainj)sare  diminished  the 
pressure  is  relaxed.  This  is  effiected  in  the  first  ])lace  by  the  solenoid  d 
(Fig.  319),  which  is  shown  ujion  the  shelf  in  Fig.  316.  This  solenoid  is  placed 
in  derivation  from  the  main  circuit,  and  continually  tends  to  (h’aw  down  its 
core  in  opposition  to  the  pull  of  an  adjustable  s])ring.  The  core  is  connected 
to  a balanced  lever  c,  which  plays  between  two  cont.act  pieces  a and  h,  but 
which,  when  the  difference  of  ])otential  between  the  mains  is  normal,  touches 
neither  of  them.  Should,  however,  this  difference  increase,  the  core  would 
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by  a band  from  the  axis  of  the  dynamo  (Fig.  316).  The  pinion  immediately 
begins  to  rotate  the  wheel  with  which  it  is  in  gear,  and^through  a worm  and 
wormwheel,  and  a screwed  spindle,  to  lower  the  platform  upon  which  the 
carbon  plates  are  mounted.  This  increases  the  resistance  of  the  pile,  and 
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be  drawn  down,  and  the  lever  would  rest  u})on  the  lowei-  contact,  thus 
establishing  a circuit  from  the  main  conductor,  round  the  right-hand  magnet 
f,  and  back  again.  The  armature  g would  then  attract  and  put  the  clutch 
into  gear  with  one  of  the  bevel  pinions,  which  are  constantly  kept  running 
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consequently  diminishes  the  current  flowing  in  the  field  circuit  of  the 
machine,  and  the  total  amount  of  current  generated.  On  the  other  hand, 
should  the  diflerence  of  potential  between  the  main  leads  diminish,  the 
contrary  effect  takes  place,  and  the  plates  are  forced  together,  until  at 
length,  if  the  demand  of  the  circuit  increase  up  to  the  full  capacity  of  the 
generator,  the  upper  plate  is  brought  into  contact  with  a fixed  stop,  and 
the  carbon  pile  short-circuited.  It  is  surprising  with  what  readiness  this 
regulator  works  ; if  a couple  of  lamps  be  added  to,  or  subtracted  from,  the 
circuit,  the  wheels  go  into  gear,  and,  after  a turn  or  two,  come  out  again. 


remaining  stationary  until  a fresh  change  is  made,  and,  if  the  lights  be 
turned  out  to  the  last  one  or  two,  but  very  slight  difference  is  to  be  detected 
in  their  brilliancy.  By  adjusting  the  tension  of  the  s})ring  which  supports 
the  core  of  the  solenoid,  the  condition  of  the  whole  circuit,  as  regards 
potential,  may  be  raised  or  lowered  as  desired. 

The  most  important  recpiisite  in  incandescence  lighting  is  a good  lamp, 
and  at  the  same  time  it  is  the  most  difficult  to  attain.  This  is  evidenced  by 
the  fact  that,  while  there  are  numerous  reliable  generators  in  the  market, 
yet  only  two  lamps  (the  Swan  and  Edison)  have  come  into  eomparatively 
extensive  use  in  this  country.  Hence  one  of  the  points  claiming  the  atteu- 
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fcion  of  the  Brush  Company  was  the  reorganisation  of  the  lamp  works,  and 
the  elaboration  of  a system  that  would  produce  lamps  of  regulai-  and  uniform 
quality,  of  great  endurance,  and  endued  with  a capacity  for  sustaining  a high 
degree  of  incandescence.  Abandoning  the  bass-broom  fibre,  advocated  by 
Mr.  Lane-Fox,  they  adopted  prepared  cotton  thread  as  the  material  of  their 
filaments,  following  in  other  respects  the  general  lines  of  Mr.  Fox’s  patent. 


But  it  is  well  known  that  the  efficiency  of  an  incandescence  lamp  depends 
far  less  upon  the  patent  under  which  it  is  made,  than  the  skill  and  care 
expended  upon  its  manufacture,  and  the  perfection  with  which  the  air  and 
occluded  gases  are  removed  from  the  globe  and  conductors.  The  general 
features  of  the  Lane-Fox  process  of  making  incandescence  lamps,  as  now 
carried  out,  is  well  understood,  and  need  only  brief  mention.  Cotton  thread 
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is  wound  upon  a block  of  carbon  of  pear-shaped  section,  and,  after  being 
packed  with  powdered  graphite  in  a crucible,  is  exposed  to  a red  heat  for  a 
considerable  time.  After  it  has  become  cool,  the  thread  is  broken  into 
lengths  at  the  point  where  it  was  bent  over  the  sharp  edge  of  the  block,  and 
each  piece,  after  it  has  been  cut  to  the  desired  dimensions,  serves  as  the 
filament  of  a lamp.  It  is  necessary  first,  however,  to  reject  all  those  whose 
resistance  exceeds  certain  limits  of  divergence  from  a given  standard,  and 
this  is  determined  by  sending  a current  through  each,  while  in  circuit  with  a 
galvanometer.  The  mounting  of  the  filaments  upon  the  platinum  conducting 
wires  and  the  whole  of  the  preparatory  work,  is  done  by  girls,  and  it  is  only 
in  the  sealing,  exhausting,  and  flashing  processes,  that  men  are  employed. 
The  adjustment  of  the  lamps  to  a standard  resistance,  so  that  all  may  give 
the  same  light  under  similar  conditions,  is  done  at  two  operations,  the  first 
bringing  them  nearly  to  the  required  point,  and  the  second  making  the  final 
reduction.  Each  filament  is  placed  in  a bottle  through  which  a stream  of 
hydro-carbon  gas  is  passing,  and  is  connected  to  two  leads  maintained  at  a 
constant  potential,  while  momentary  currents  are  sent  through  it  by  means 
of  a key,  flashing  it  into  incandescence  and  depositing  the  carbon  of  the  gas 
upon  it,  particularly  on  the  thinner  parts  which  attain  the  highest  tem- 
perature. When  the  resistance  is  brought  nearly  to  the  desired  point,  the 
filament  is  mounted  in  its  globe,  the  conductors  sealed  into  their  places, 
and  then  the  same  process  of  adjustment  is  repeated  with  a more  delicate 
measuring  apparatus,  until  the  exact  required  resistance  is  attained. 

The  exhaustion  is  effected  by  the  Lane-Fox  air  pump,  which  is 
very  simple  and  gives  a high  vacuum,  but  at  the  same  time  entails 
a good  deal  of  manual  labour,  as  the  mercurial  reservoir  has  to  be  raised 
shoulder  high  at  each  stroke,  and  the  esca})e  valve  o})ened  and  closed  by 
hand.  After  the  vacuum  has  been  formed,  a current  is  sent  tlirough  the 
lamp  to  drive  out  tlie  occluded  gases,  and  the  ]mmping  is  renewed  from  time 
to  time  over  a considerable  period,  until  it  is  seen  that  there  is  no  discharge 
whatever.  The  lanq>  is  then  sealed  np  at  the  exhaustion  tube  and  is  com- 
plete. It  remains,  however,  to  provide  terminals  for  the  conducting  wires, 
and  for  this  jmrposc  a metal  ferrule,  stopped  at  its  lower  end  by  a wooden 
})lug,  is  slipped  over  the  lower  neck  of  the  globe,  and  secured  by  jilastcr- 
of-paris.  The  ends  of  the  conducting  wires  arc  brought  through  holes 
in  the  plug,  and  twisted  under  cheese-headed  screws,  which  thus  are  made 
t(-)  form  contact-pieces  to  which  the  positive  and  negative  leads  must  be 
connected. 
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As  ill  the  Swan  and  Edison  systems,  so  in  the  Brush  system,  the  act 
of  fixing  the  lamp  in  its  holdei’  or  socket  makes  all  the  necessary  electrical 
connections.  The  socket  is  convolvulus  shaped,  and  is  designed  to  fit  the 
screw  of  an  ordinary  gas  bracket  at  its  lower  end,  while  at  its  upjier 
end  (Fig.  320)  its  points  or  petals  exert  an  elastic  pressure  upon  the  globe. 


Fig.  320. 


Fig,  321. 


Fig.  322. 


Fig.  323. 


preventing  any  vibration.  The  two  leading  wires  are  led  up  the  centre  of  the 
holder,  and  are  secured  to  two  segmental  curved  springs  fixed  to  a non- 
conducting plug  in  the  body  of  the  socket.  When  the  lamp  is  dropped  into 
position  and  rotated  to  lock  the  bayonet  joint  (Fig.  320),  the  heads  of  its 
two  terminal  screws  slide  over  the  above-mentioned  curved  sjirings,  forcing 
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them  clown  towards  the  plug,  to  which  they  are  attached  at  one  end,  and 
making  a good  contact,  which  is  rubbed  clean  every  time  the  lamp  is 
removed  or  inserted.  Figs.  321,  322,  and  323  show  the  same  socket  con- 
structed in  a more  substantial  manner  for  attachment  to  a wall  or  a piece  of 
furniture.  In  Fig.  322  the  lamp  is  replaced  by  a plug  provided  with  flexible 
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Fig.  325. 


Fig.  326. 


wires  for  connection  to  a portable  bracket  or  motor,  and  fitted  with  terminals 
similar  to  those  upon  a lamp  neck.  Fig.  324  illustrates  Grindle’s  patent 
socket,  which  has  been  used  by  some  of  the  Brush  sidcsidiary  companies. 
This  has  no  bayonet  joint,  but  is  provided  witli  a set  screw  to  fix  tlie  lamp, 
while  the  contact  springs  are  set  in  a vertical  plane  instead  of  a horizontal 
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one,  the  terminals  of  the  lain})  l)eing  correspondingly  modified  in  accordance. 
By  rotating  the  lamji  90  deg.,  the  electrical  connections  are  broken. 

In  Fig.  325  there  is  shown  a Brush  incandescence  lam}i  mounted  in  an 


opal  shade,  and  }3rovided  with  a key  by  which  it  can  be  turned  completely 
in  and  out,  or  have  its  intensity  regulated  from  full  incandescence  to  a feeble 
glow.  The  bulb  above  the  shade  contains  a number  of  carbon  discs,  which, 

Y 
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when  the  handle  is  full  over  in  one  direction,  are  tightly  compressed,  and 
at  the  same  time  short-circuited  by  a metallic  bye-pass.  As  the  handle  is 
turned  the  metallic  circuit  is  first  bi’oken,  so  that  the  lamp  current  has  to 
flow  through  the  discs,  and  the  pressure  on  the  latter  is  gradually  relaxed. 


so  that  they  offer  a steadily  increasing  resistance  to  the  current,  and  thus 
diminish  its  intensity  and  that  of  the  light.  In  the  final  })osition  the  circuit 
is  broken  and  the  light  extingui.shed  Fig.  326  shows  a jointed  bracket  with 
the  reyfulator  or  turn-down  switch  fixed  below  it. 
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In  connection  with  the  manufacture  of  incandescence  lamps,  we  may 
here  refer  to  an  extremely  ingenious  apparatus  for  mechanically  producing 
the  glass  bulbs.  The  apparatus  is  the  joint  invention  of  Mr.  Frank  Wright 
and  Mr.  M.  W.  Mackie,  electrical  engineers,  London,  and  its  action  will 
be  understood  from  the  accompanying  illustrations.  Fig.  327  being  a general 
view.  Fig.  328  ca  side  elevation,  Fig.  329  a plan,  and  Fig.  330  a transverse 
section  along  Z Z.  On  a metal  bed,  like  that  of  an  ordinary  lathe,  are  fitted 
two  headstocks  B and  C,  one  of  which,  B,  is  fixed,  while  the  other,  C,  is 
capable  of  being  slid  to  and  fro  by  a rack  and  pinion  worked  by  a handle  D. 


Each  headstock  is  fitted  with  tubular  mandrels  E and  F ; the  mandrel  E 
being  revolved  by  a belt  from  a motor,  and  F being  also  revolved  at  the 
same  speed  by  gearing  from  E. 

The  gearing  for  this  purpose  consists  of  a horizontal  spindle  G, 
carrying  a pinion  e driven  by  a toothed  wheel  on  E,  and  another  pinion 
f driving  a toothed  wheel  on  F.  The  pinion  f is  fitted  with  a key  or  feather 
on  the  spindle  G,  so  that  it  must  revolve  with  it,  but  may  slide  freely  along 
it  with  the  headstock  C. 

At  the  ends  of  the  headstocks  are  fixed  tubes  H and  K,  closed  at  their 
outer  ends,  but  communicating  freely  with  the  respective  tubular  mandrels, 
and  to  each  of  the  tubes  H and  K there  is  a communication  by  a flexible 
tube  h and  k from  a reservoir  of  compressed  air,  each  communication  being 
provided  with  a cock  or  valve,  enabling  the  operator  to  open  or  close  it  at 
pleasure. 

Between  the  two  headstocks  B and  C is  fitted  a slide  M,  which  can  be 
moved  along  the  bed  by  a rack  and  pinion  worked  by  a handle  N.  On  the 
slide  is  fitted  a transverse  slide  O carrying  a blowpipe  P,  which  may  be 
double,  as  shown,  and  supplied  with  gas  and  air  by  flexible  pipes  j)  provided 
with  valves  and  stop-cocks  to  regulate  the  blast.  The  blowpipe  turns  on  a 
vertical  axis  on  the  slide  0,  enabling  the  flames  to  be  directed  on  the  glass 
at  any  angle. 

y2 
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Each  mandrel  E F is  fitted  with  a chuck  R S at  its  inner  end  to 
grasp  the  glass  tubes  inserted  into  it.  The  chucks  are  lined  internally  with 
soft  elastic  packing,  such  as  felt  or  caoutchouc,  and  are  arranged  to  clamp  a 
tube  without  straining  it  imerjually,  while  at  the  same  time  they  prevent 
the  escape  of  air  from  the  hollow  mandrel.  The  body  of  the  chuck  is  of 
iron ; it  dissipates  its  heat  rapidly,  and  shuts  up  square  on  the  glass  tube 
inserted  within  it. 


Fig.  331. 


To  woi'k  the  machine,  a glass  tube  or  rod  T is  inserted  into  and  clamped 
in  the  two  clutches  R S,  and  caused  to  revolve  by  staiding  the  mandrels. 
The  blowpipe  flame  is  then  directed  on  any  part  of  it,  and  the  heated  part  is 
drawn  out  thinner,  or  pressed  in  thicker,  by  moving  the  headstock  C away 
from,  or  towards,  B.  By  admitting  air  under  pressure  into  either  or  both  of 
the  pipes  H K,  the  glass  tube  can  be  blown  at  the  heated  part  into  a 
bulb,  which  can  be  readily  lengthened  or  Hattened  by  moving  tlie  head- 
stock  C.  The  air  is  siq)plied  by  a bellows  feeding  a reservoir,  which  keeps 
an  equal  pressure,  and  tlie  supply  can  be  regulated,  as  we  have  said,  at  will. 

In  the  same  way  two  glass  rods  or  tubes  can  be  joined  to  each  other  by 
clamping  the  pieces  in  the  two  chucks,  and  bihiging  the  free  ends  together 
while  they  are  heated  by  the  blowpi})e.  This  ()})eration  is  a tedious  and 
expensive  one  when  done  by  hand;  and  it  requires  great  skill  on  the  j)art 
of  a blower  to  make  even  a clumsy  joint  between  two  long  tubes.  But 
with  the  new  machine  a neat  joint  can  be  made  by  an  unskilled  person  in 
a very  short  time,  a fact  which  will  materially  reduce  the  cost  of  many 
mechanical  and  philosophical  glass  instruments. 

The  (juestion  of  safety  fuses  or  safety  switches,  which  constitute  an 
essential  portion  of  every  incandescence  installation,  has  been  worked  out 
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by  the  Brush  Company  in  an  exceedingly  neat  form.  Fig.  331  shows  a fuse 
box  containing  six  fuses,  and  suitable  for  the  control  of  several  circuits  pro- 
ceeding to  the  various  rooms  of  a house  or  building.  Each  consists  of  a 
loop  of  fusible  wire  stretched  round  a block  of  vulcanised  fibre,  and  held 
between  a fixed  and  a spring  stop.  Should  the  fuse  be  destroyed,  it  is  the 
work  of  a moment  to  remove  it  by  the  handle  at  the  top,  and  replace  it 
by  another,  the  elasticity  of  the  bow  spring  sufficing  to  maintain  the  con- 


Fig.  333. 


nections  without  the  aid  of  screws.  Fig.  332  shows  a larger  fuse  box  intended 
to  be  inserted  at  the  connections  of  a main  with  a system  of  submains. 

Under  no  circumstances  is  more  skill  and  care  required  in  the  design 
of  an  incandescence  installation  than  when  it  is  to  be  erected  in  a theatre. 
The  lamps  in  each  part  of  the  house  have  to  be  under  perfect  and  prompt 
control,  while  the  sudden  variation  or  extinction  of  one  set  must  have  no 
effect  upon  the  brilliancy  of  the  remainder.  At  the  Savoy  this  result  is 
attained  by  the  use  of  independent  machines  for  each  department  of  the 
lighting,  and  the  insertion  and  withdrawal  of  resistances  to  and  from  the 


The  Bonish  Regulator  for  Theatrert. 


32  G 


field  magnet  circuits  of  each.  But  such  an  arrangement  is  not  always  con- 
venient, and  it  will  often  be  more  advantageous  to  feed  all  the  circuits  from 
one  generator.  It  is  evident  that  a regulator  such  as  described  above  in 
connection  with  the  modified  Schuckert  generator  would  not  be  sufficiently 
rapid  in  its  action  to  prevent  fluctuations  when  30  or  50  per  cent,  of  the  lamps 
are  turned  down  at  once,  and  that,  therefore,  the  regulation  of  the  generator 
must  be  effected  by  the  same  act  as  the  adjustment  of  any  particular  circuit. 
To  effect  this  result  the  Brush  Company  has  devised  a keyboard.  Figs.  333  and 
334,  containing  as  many  switches  as  there  are  circuits  to  be  controlled,  each 
switch  operating  upon  two  sets  of  resistances,  one  in  the  circuit  to  which  it 
corresponds,  and  one  in  the  field  magnet  circuit  of  the  generator.  Thus  in 
the  same  proportion  as  the  flow  of  current  along  any  one  circuit  is  checked, 
in  the  same  proportion  is  the  generation  of  current  checked  by  the  diminu- 


tion of  the  intensity  of  the  magnetic  field.  Referring  to  the  illustrations, 
Fig.  333  is  a diagrammatic  view  of  the  installation,  and  Fig.  334  a view  of 
the  keyboard.  There  are  four  lamp  circuits,  named  respectively  “ floats,” 
^‘battens,”  “balcony,”  and  “fixed,”  the  latter  being  in  the  passages,  dressing- 
rooms,  refreshment-rooms,  &c.,  and  requiring  no  variation.  One  lead  from 
the  dynamo  is  connected  directly  to  all  the  circuits,  while  the  other  is  joined 
to  a copper  strip  on  the  underside  of  the  keyboard.  Pivotted  to  this  strip 
are  three  levers,  the  two  arms  of  each  of  which  have  no  electrical  connec- 
tion with  each  other,  and  through  the  long  arms  the  current  })asscs  to  the 
three  variable  lamp  circuits,  either  directly  or  through  one  or  both  of  tlic 
resistances,  indicated  by  twirls,  and  also  shown  in  section  to  tlic  riglit  of 
Fig.  334,  according  to  the  positions  of  the  levers.  Tlie  field  magnet  circuit 
of  the  generator  is  shown  by  dotted  lines ; it  is  led  to  a binding  ])ost  at 
the  left  side  of  the  keyboard,  thence  by  a co})per  strip  to  the  first  set  of 
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resistances,  and  along  the  short  arm  of  a lever  and  a fixed  copper  strip  to 
the  next  set  of  resistances,  and  so  on,  back  to  the  generator.  Thus  it  will 
be  seen  that  if  the  left-hand  switch,  for  instance,  were  moved  to  its  extreme 
position,  two  sets  of  resistances  would  be  inserted  in  the  float  circuit,”  and 
three  in  the  magnet  circuit,  and  if  these  be  properly  proportioned,  no 
effect  should  be  produced  upon  the  luminous  intensity  of  the  lamps  in  any 
of  the  remaining  circuits. 

The  commercial  measurement  of  a supply  of  electricity  appears  to  be 
a problem  that  is  not  easy  of  satisfactory  solution,  and  although  many 
inventors  have  worked  at  it,  nothing  has  yet  been  produced  that  promises 
to  approach  the  simplicity  and  accuracy  of  the  gas  meter.  The  Brush  Com- 
pany, in  its  search  after  a measuring  apparatus,  appears  to  have  thought 


Fig.  335. 


it  preferable  to  produce  a meter  that  might  be  relied  upon  to  do  its  work 
fairly  well,  if  it  received  a reasonable  amount  of  attention,  than  one  which, 
while  theoretically  self-acting,  could  not  command  the  confidence  of  the 
public.  Therefore,  discarding  the  use  of  electric  motors,  which  have  figured 
so  often  in  previous  meters,  they  have  boldly  adopted  clockwork  as  the 
going  power  by  which  the  record  is  effected.  We  fear  it  would  be  trusting 
too  much  to  the  honesty  of  the  public  to  place  the  control  of  the  clocks  in 
their  hands,  but  a monthly  visit  from  an  inspector  would  not  be  any  great 
nuisance  in  a house,  the  more  so  as,  unlike  a gas  meter,  the  instrument 
could  be  placed  in  the  hall,  and  so  fulfil  a useful  purpose  in  showing  the 
time.  The  clockwork  drives  a number  of  counter  dials  (Fig.  335)  by  means 
of  a lever  and  a silent  ratchet  feed,  the  amount  of  feed  at  each  stroke  being 
regulated  by  the  position  of  a core,  which  is  drawn  into  a solenoid  to  a 
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depth  proportional  to  the  intensity  of  the  current  flowing  round  it.  Hence, 
when  many  lamps  are  at  work  the  rotation  of  the  dials  will  be  rapid,  and 
when  they  are  all  extinguished  it  will  cease.  At  the  same  time  a pencil 
connected  to  the  solenoid  core  may  be  made  to  produce  a graphic  record 
upon  a moving  paper,  and  thus  to  check  the  reading  of  the  dials.  This 
instrument  is,  of  course,  merely  an  amperemeter  and  not  an  energy  meter, 
but  the  regulations  of  the  Board  of  Trade,  as  regards  variation  of  electro- 
motive force,  are  so  strict  that  the  measurement  of  the  current  will  probably 
suffice  for  all  practical  purposes. 


THE  EDISON  SYSTEM. 

OINCE  the  publication  of  the  first  volume  of  “Electric  Illumination”  no 
^ radical  changes  have  been  made  in  the  Edison  dynamo,  although  several 
modifications  have  been  introduced  into  these  machines  to  adapt  them  to 
special  requirements,  for  which  the  demand  had  not  arisen  in  the  early  days 
of  their  manufacture.  In  this  country,  especially,  the  Edison  Company  have 
made  many  installations  on  shij)board,  in  which  special  conditions  have  to 
be  provided  for.  Fig.  336  illustrates  what  may  be  considered  as  a standard 
arrangement  for  this  class  of  installation.  It  was  fitted  on  the  steamships 
Tarawera  and  Waihora,  belonging  to  the  Union  Steamship  Company  of 
New  Zealand. 

The  dynamo  and  engine  were  placed  in  a small  room,  12  ft.  by  11  ft. 
and  7 ft.  high,  opening  into  the  engine-room,  the  floor  being  on  a level  with 
the  gallery  running  round  the  top  of  the  cylinders  of  the  main  engines. 
The  wiring  of  the  vessel  was  done  in  the  most  careful  manner,  nothing  but 
the  most  highly  insulated  wire,  protected  by  an  india-rubber  covering,  and 
over  that  a waterproof  covering  of  waxed  thread,  being  used.  The  wires 
were  all  laid  under  the  woodwork  of  the  vessel  in  wood  beading,  made  for 
the  purpose,  and  at  proper  places  safety  catches,  with  fusible  lead  wires,  were 
placed  to  obviate  any  danger  of  over-heating.  The  fixtures  to  carry  the 
lamps  were  nickel-plated  and  of  an  elaborate  character ; in  the  saloon, 
arrangements  were  made  by  which  the  incandescence  lamps  were  sus- 
pended inside  the  shade  of  the  ordinary  oil  lamps,  but  could  be  removed  at 
pleasure  at  a moment’s  notice  ; the  state-rooms  were  lit  by  a single  lamp, 
controlled  by  a switch  placed  within  hand  reach  of  the  occupant  of  the  berth; 
the  lamps,  which  were  enclosed  in  oj)alescent  glass  shades,  were  all  the  ordi- 
nary Edison  16-candle  type,  requiring  an  electromotive  force  of  96  volts  to 
make  each  yield  its  normal  light.  In  the  gangways  and  the  ladies’  drawing- 
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room  the  lamps  were  suspended  from  the  ceiling  enclosed  in  opalescent  glass 
globes.  The  lamp  in  each  state-room  was  controlled  by  its  own  tap  on  the 
socket;  the  lamps  in  the  saloon  were  all  controlled  by  a single  switch  placed 
m the  engine-room,  so  that  the  light  can  be  shut  out  at  eleven  o’clock, 
leaving  the  lamps  burning  in  the  state-rooms. 

dhe  generator  was  one  of  the  Bdison  150-light  dynamos,  which  had 
been  slightly  modified  in  order  to  reduce  the  normal  speed  ; it  was  capable 
of  being  driven  practically  and  conveniently  without  belting.  The  follow- 
ing data  supply  the  necessary  information  as  to  the  dynamo. 


Fig.  336. 


Resistance  of  armature,  0.1  ohm  ; resistance  of  each  leg  of  field 
magnets,  20  ohms;  speed,  475  revolutions  ]>er  minute;  electromotive 
force,  9G  volts;  current,  120  amperes;  length  of  armature,  5 ft.  5?,  in.  ; 
diametei  of  ai mature,  10  in. ; 150  lamps  of  10  measured  caudle  power  were 
maintained,  each  lain])  having  a resistance  of  125  ohms  hot,  and  taking  0.8 
amperes  of  current. 

The  dynamo  was  driven  by  one  of  Mr.  Peter  Rrotherhood’s  well- 
known  three-cylinder  engines,  7 in.  diameter  of  cylinders,  4^  in.  stroke, 
working  up  to  20  horse-jiower.  Both  generator  and  engine  were  fixed  on  the 
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same  base-plate,  which  was  bolted  down  to  a teak  bedding  3 in.  thick,  through 
the  deck  beams,  the  dynamo  being  further  stayed  by  cross-stays  holding  it 
in  position.  The  extreme  size  of  the  bed-plate  was  9 ft.  by  3 ft.,  the  height 
of  the  machine  over  all  being  G ft.  G in. 

Figs.  337,  338,  and  339  show  three  different  Edison  dynamos  designed  for 
isolated  plants,  which  have  been  largely  adopted  in  the  United  States. 
They  are  designated  by  the  makers  K,  L,  and  Z machines,  and  are  intended 
to  feed  250,  150,  and  60  lamps  respectively.  The  general  characteristics  of 


Fig.  337. 


the  three  machines  are  very  similar,  the  most  noticeable  difference,  apart  from 
their  size,  lying  in  the  number  of  field  magnets  employed,  which  varies  in 
the  examples  before  us  from  two  to  six.  In  every  case  a switch  apparatus 
is  mounted  upon  the  crossbar  of  the  magnets  to  enable  the  circuit  to  be 
broken  or  otherwise  manipulated.  In  the  two  larger  examples  the  brushes 
are  not  laid  tangentially  to  the  commutators  as  is  usual,  but  are  fixed 
horizontally  opposite  the  line  of  highest  potential,  sufficient  area  of  contact 
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being  obtained  by  making  the  brushes  very  thick.  The  whole  of  the 
arrangement  carrying  the  brushes  can  be  moved  round  the  commutator  to 
find  the  region  of  least  sparking.  In  the  Z or  smaller  machine  the  brushes 
are  laid  tangentially  in  the  usual  way. 

The  generators  are  the  type  employed  by  the  Edison  Company  for 
Isolated  Electric  Lighting  in  America,  and  differ  to  a marked  degree  in  their 
capacity,  although  not  in  efficiency,  from  those  now  being  manufactured  in 
this  country  by  Messrs.  Mather  and  Platt,  of  Salford.  In  the  hands  of 


Dr.  Hopkinson  the  Z machine  has  been  so  modified  that  it  will  now  feed 
200  lights  in  place  of  GO,  with  a proportionate  increased  expenditure  of 
power.  In  January,  1882,  Mr.  John  W.  Howell,  of  the  Ste\  ens  Institute 
of  Technology,  published  a report  of  tests  made  on  one  of  these  machines  in 
which,  as  the  mean  of  three  different  sets  of  ex])oriments,  the  electrical 
efficiency  ap})earcd  as  05.8  per  cent.,  and  the  commercial  efficiency  as  80.2 
per  cent.  Lately  Mr.  P.  S.  S})rague  has  carried  out  a series  of  tests  upon 
the  Hopkinson-Edison  dynamo,  and  has  found  the  mean  efficiencies  to  be 
94.8  and  8G  per  cent,  respectively,  results  which  practically  correspond  with 
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those  of  Mr.  Howell.  But  the  amount  of  power  absorbed,  and  the  value 
of  the  current  generated,  was  nearly  three  times  as  great  in  the  latter 
case  as  in  the  former,  the  cause  of  the  difference  lying  in  the  fact  that  the 
intensity  of  the  magnetic  field  had  been  immensely  increased  by  the  new 
proportions  and  disposition  of  the  field  magnets. 

The  Edison  generators  are  shunt  wound,  that  is,  the  coils  of  the  field 
magnets  are  excited  from  a derived  circuit  branching  from  the  poles  of  the 


Fig.  339. 


armature,  and  hence  they  are  to  a certain  extent  self-regulating.  But 
the  regulation  is  far  from  perfect,  and  when  any  considerable  proportion  of 
the  lamps  are  turned  out,  say  20  per  cent.,  there  is  a marked  increase  in  the 
brilliancy  of  the  remainder,  and  the  current  passing  through  them  attains 
an  intensity  which,  if  allowed  to  continue,  would  shorten  the  life  of  the 
filament.  To  prevent  this  a regulator  is  supplied  with  each  installation, 
and  this  requires  to  be  adjusted  from  time  to  time  when  the  variations  of  a 
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pilot  light,  or  the  cleHections  of  a galvanometer,  indicate  that  the  difference 
of  potential  between  the  poles  differs  from  the  normal.  This  regulator 
(see  Fig.  340)  consists  of  a box  of  resistance  coils  joined  up  in  series,  and  so 
arranged,  that  by  the  movement  of  the  handle,  any  number  of  them  can  be 


Fig.  340. 


included  in  the  field  magnet  circuit,  and  so  add  to  its  electrical  resistance, 
causing  a corresponding  decrease  in  the  current  flowing  through  it,  and  con- 
sequently reducing  the  intensity  of  the  magnetic  field.  From  the  junction 
between  each  adjacent  pair  of  coils,  a conductor  is  led  to  a contact  piece  on 
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the  to])  of  the  box,  just  as  in  a Gramme  ring  a wire  connects  the  coupling 
])iece  of  each  pair  of  bobbins  to  the  commutator.  The  commencement  of 
the  first  coil  is  connected  to  the  first  contact  piece,  and  the  end  of  the  last 
coil  to  the  last  contact  piece.  The  positive  conductor  from  the  ])ole  of  the 
annature  is  cou])led  also  to  the  first  contact  piece,  and  the  conductor  leading 
to  the  coils  is  joined  to  the  spindle  upon  which  the  handle  turns.  Thus, 
when  the  handle  is  at  zero,  the  current  passes  through  it  from  the  first 
contact  piece  without  traversing  any  of  the  resistance  coils  ; when  it  is 
moved,  say,  90  deg.,  one-fourth  of  the  coils  are  included  in  the  circuit,  and 


Fig.  342. 

the  current  must  circulate  through  them  before  it  can  reach  the  handle  and 
proceed  to  the  magnets.  In  this  country  the  use  of  self-regulating  gene- 
rators is  gradually  displacing  devices  of  this  kind,  but  in  theatres  and  places 
of  amusement  where  many  graduations  of  illumination  are  required,  they 
will  probably  always  be  used. 

Fig.  341  illustrates  a combined  electric  and  gas  bracket,  as  erected  in 
the  Bijou  Theatre,  Boston,  U.S.A.,  by  the  Edison  Company  for  Isolated 
Lighting.  The  state  of  nervous  apprehension  which  has  been  develo]Ded  in 
large  audiences  by  the  fearful  disasters  which  have  occurred  in  theatres 
during  the  last  few  years,  has  rendered  them  peculiarly  liable  to  panic,  and 
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there  are  but  few  cases  where  electric  light  installations  are  so  organised 
that  total  extension  is  an  impossibility.  Therefore,  as  managers  naturally 
decline  to  place  entire  dependence  upon  electricity,  the  Edison  Company  has 
boldly  faced  the  situation  and  has  brouglit  out  a fitting  which  admits  of  the 
use  of  both  illuminants,  either  of  which  can  be  turned  up  or  down  with 
equal  facility. 

Figs.  342,  343,  and  344  are  illustrations  of  three  other  varieties  of  electric 
light  fittings  used  by  the  Edison  Company  for  Isolated  Lighting.  Fig.  342 


Fig.  343. 


shows  an  inexpensive  form  of  jointed  bracket  with  shade.  The  joints  are 
mechanical,  not  electrical,  the  current  being  carried  by  a flexible  cord,  and 
they  are  provided  with  thumb-screws  by  which  they  can  be  set  in  any  })osi- 
tion,  a very  convenient  provision,  as  it  allows  of  the  use  of  long  branches. 
In  designing  such  fittings  there  is  mucli  greater  sco})e  than  in  gas  brackets, 
for,  although  it  is  both  unhealthy  and  dangerous  to  bring  a gas  flame  down 
to  the  level  of  the  table,  an  incandescence  lamp  may  be  ])laced  in  the  most 
convenient  position  which  can  be  found,  }>rovided  the  direct  rays  are  screened 
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from  the  eye.  Fig.  343  shows  an  epergiie  with  four  lamps,  the  design 
representing  four  luminous  flowers,  set  in  a bouquet  of  metal-work. 
Fig.  344  is  a fitting  of  10  lamps,  the  whole  enclosed  in  large  globe  to  protect 
them  from  dust  and  injury. 

Figs.  345  to  348  illustrate  some  of  the  fittings  used  by  the  Edison  Com- 
pany for  Isolated  Lighting  in  America.  They  do  not  present  any  great 
novelty,  but  they  are  interesting  as  showing  the  latest  practice  of  one  of  the 
very  few  companies  which  has  secured  a commercial  success.  Fig.  345  is  a 
view  of  the  junction  of  a main  line  and  branch  line  within  a building.  Each 


Fig.  344. 


is  laid  under  a wooden  moulding,  provided  with  two  grooves  on  its  under 
side,  and  the  junction  is  made  at  a block  situated  at  the  intersection  of  the 
two  lines.  Each  of  the  branch  circuits  is  provided  with  a safety  catch  con- 
sisting of  a short  piece  of  lead,  which  will  melt  at  a temperature  between 
450  deg.  Fahr.  and  500  deg.  Fahr.,  or  1700  deg.  lower  than  the  point  at 
which  the  copper  conductors  will  give  way.  This  is  enclosed  in  a brass  case 
similar  in  shape  to  the  brass  band  fixed  to  the  neck  of  an  Edison  lamp,  and 
connects  the  two  terminals  with  which  that  case  is  provided,  standing  in  the 
same  relation  to  them,  that  the  carbon  filament  does  to  the  terminals  of  a 
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lamp.  When  the  wire  is  fused  by  the  passage  of  an  abnormal  current, 
it  can  be  instantly  renewed  by  withdrawing  the  case  and  inserting  a new 
one.  The  branch  moulding  at  the  left-hand  side  of  the  figure  is  shown 


Fig.  345. 


Fig.  346. 

drawn  back  a short  distance  to  dis))lay  the  relative  positions  of  the  two 
conductors  beneath  it. 

Fig.  346  is  a cond)ined  electric  and  gas  bracket  without  any  swivelling 
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arrangement.  The  lamp  has  an  opal  shade  over  it,  and  is  provided  with  the 
old  form  of  key  socket.  A more  recent  arrangement  is  shown  in  Fig.  347. 
Here  the  two  conductors  are  made  fast  to  two  screws,  one  of  which  is  con- 
nected to  a plate  on  which  the  bottom  terminal  of  the  lamp  socket  rests,  and 
the  other  to  a spring  bracket  which  touches  the  hollow  screw  that  receives 


Fig.  347. 


Fig.  348. 

the  screwed  neck  of  the  lamp,  except  when  it  is  moved  out  of  contact  with 
it  by  a cam  on  the  end  of  the  key.  Under  these  conditions  the  circuit  is 
broken  and  the  lamp  extinguished.  The  bracket  shown  in  the  figure  is  a 
swivelling  one,  the  connection  between  the  fixed  conductors  and  the  movable 
ones  being  made  by  springs  and  two  cylindrical  rubbing  surfaces.  Fig.  348 
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shows  three  lamps  enclosed  in  a strong  globe  or  lantern.  This  arrangement 
is  suitable  for  use  in  exposed  positions,  and  in  mines,  in  which  latter  case 
the  globe  can  be  filled  with  water  to  prevent  the  ignition  of  firedamp  by 
sparks  and  minute  arcs. 

Fig.  349  illustrates  the  great  1200-light  Edison  dynamo  in  use  at 
the  Milan  central  distributing  station.  Milan  is  peculiarly  well  adapted 
for  electric  lighting  in  its  present  state.  The  principal  shops,  theatres, 
cafes,  and  clubs  are  all  in  or  near  the  maofnificent  “ Galleria”  of  Victor 
Emmanuel.  The  lighting  station  is  in  a three-story  brick  building  erected 
specially  for  the  purpose  on  the  site  of  the  Theatre  of  Saint  Radegonde. 
The  lower  floor  is  about  1 1 ft.  below  the  ground  level.  This  floor  is  occupied 
by  the  dynamos  and  regulators,  and  hy  a test  board  for  1500  lamps.  The 
boilers  are  located  on  the  floor  above,  and  are  supported  directly  on  cast- 
iron  columns  resting  on  a solid  foundation.  The  upper  floor  is  used  as  store- 
room, and  a small  portion  is  divided  off  for  a laboratory.  In  a vaulted  room 
under  the  courtyard  is  located  an  engine  for  driving  a centrifugal  blower, 
and  a pump  to  be  used  as  an  adjunct  to  the  Korting  injectors  feeding  the 
boilers, 

Eour  Edison  dynamos,  each  capable  of  supplying  1200  Edison  lamps 
and  of  the  type  shown  in  Eig.  349,  are  already  in  place,  and  provision  is 
made  for  adding  several  more,  so  that  the  design  when  carried  out  will 
embrace  a greater  number  of  lamps  than  even  the  station  at  New  York. 
The  armatures  of  the  machines  are  27.3  in.  in  diameter,  and  61  in.  long. 
The  shaft  is  of  steel  7f  in.  in  diameter,  and  of  a total  length  of  10  ft.  3 in.  ; 
the  journals  are  6^  in.  in  diameter,  and  15  in.  long,  running  in  Babbitt 
metal  bearings  supplied  with  a continuous  water  circulation.  Provision  is 
made  for  an  air  blast  to  be  applied  to  the  annature  to  kee})  it  cool.  The 
commutator  is  so  nicely  adjusted  to  the  requirements  that,  notwithstand- 
ing the  strength  of  the  curi  ent,  no  s})arks  of  appreciable  size  are  percejdible. 
The  steam  is  furnished  Ijy  Babcock  and  Wilcox  boilers  aggregating  1000 
horse-power,  and  worked  under  a pressure  of  120  lb.  All  of  the  engines 
are  connected  directly  to  the  shafts  of  the  arniatui'es.  Two  of  the  engines 
are  of  the  Porter- Allen  type  with  cylinders  llf\;  in.  in  diameter,  and  16  in. 
stroke ; they  are  run  at  350  revolutions  per  minute,  and  have  a piston  s})oed 
of  933  ft.  per  minute.  The  other  two  engines  already  in  use  are  by  Arming- 
ton  and  Sims.  It  is  supposed  that  the  latter  will  give  better  results  when 
two  dynamos  are  run  together  on  the  same  circuit.  Tliey  have  cylinders 
13  in.  diameter  and  13  in.  stroke. 
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The  weight  of  each  dynamo  with  its  engine  is  as  follows  : 

» 11). 

Base-plate  ...  ...  ...  ...  ...  ...  ...  10,300 

Dynamo  ...  ...  ...  ...  ...  ...  ...  44,800 

Engine  ...  ...  ...  ...  ...  ...  ...  6,450 

61,550 

The  regulation  is  effected  by  changing  the  intensity  of  the  current  cir- 
culating about  the  field  magnets.  The  dynamos  are  all  regulated  together 
by  means  of  a variable  resistance  introduced  into  the  field.  Each  switch 
is  driven  by  a bevelled  gear  working  into  a corresponding  gear  keyed  to  a 
shaft. 

This  gearing  insures  an  even  regulation.  The  indicator  of  the  strength 
of  the  current  passing  into  the  lamps,  consists  of  a high  resistance  magnet 
placed  in  derivation  and  balanced  against  a tensile  spring  with  variable 
adjustment.  The  magnet  is  supplied  with  ‘‘high”  and  “low”  points  working 
separate  lamp  circuits  through  a small  relay.  Two  coloured  lamps  are  in 
these  circuits  ; one  or  the  other  burns  as  the  current  is  too  strong  or  too 
weak.  When  either  of  the  lamps  is  burning  a vibrating  bell  sounds  an 
alarm.  A change  in  current  sufficient  to  sound  an  alarm  is,  however, 
scarcely  sufficient  to  be  noticeable  to  the  eye.  The  conductors  are  copper 
rods  with  connections  specially  designed  for  the  purpose,  so  that  no  mistake 
can  easily  be  made  in  laying  them  even  by  inexperienced  workmen. 
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ri^HE  Electric  Lighting  Act  expressly  provides  that  the  “ undertakers  ” 
shall  not  prescribe  to  householders  and  others,  to  whom  they  supply 
current,  the  use  of  any  particular  kind  or  form  of  lamp.  Nominally,  every 
one  is  free  to  select  his  own  fittings,  and  to  use  either  Swan,  Edison,  Brush, 
or  any  other  kind  of  lamp  he  pleases.  But,  although  the  undertakers  may 
not  insist  upon  the  use  of  their  own  lamps,  they  may  determine,  within 
limits,  the  potential  at  which  the  mains  shall  be  maintained,  and  thus  they 
have  it  in  their  power  to  favour  one  class  of  lamp  at  the  expense  of  another. 
In  the  experiments  of  the  Committee  at  the  Paris  Exhibition  of  1881,  the 
difference  of  potential  at  the  terminals  of  incandescence  lamps  varied  from 
48  to  91  volts,  according  to  the  resistances  of  the  filaments,  there  being 
for  each  maker’s  lamp  a particular  point  at  which  its  incandescence  is 
thoroughly  luminous,  and  yet  not  dangerousl}"  intense.  A divergence  of 
ton  per  cent,  above  or  below  this  standard  is  injurious  to  the  life  of  the 
lamp,  or  greatly  reduces  its  lighting  power  ; and  wo  may  be  sure  that  it  will 
not  be  the  object  of  an  undertaker  who  favours  the  sale  of  high  resistance 
lamps  to  provide  a current  of  low  ])otontial,  or  vice  vcr.sc'i,  and  that  if  a 
system  of  town  lighting  were  now  established,  the  householder’s  freedom  of 
selection  would  he  very  limited. 

But  there  are  other  j)oints  to  be  considered  in  a system  of  distribution, 
of  greater  im])ortance  than  the  pros])ccts  of  rival  filaments.  The  possibility 
of  practically  effecting  arc  and  incandescence  lighting  from  one  source,  and  of 
cond)ining  with  these,  electric  heating  and  motive  power,  becomes  greatly 
complicated  when  there  is  a ])ossil)ility  of  a different  electric  j)otcntial  ruling 
in  the  different  districts  of  a town.  As  matters  now  stand  there  is  a prospect 
that  a lain})  which  burnt  well  in  the  City  would  he  dull  red  if  transferred  to 
Hamjistead,  and  (juitc  black  in  Hanover-, square,  and  that  the  j)ower  to  he 
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obtained  from  a motor  would  vary  50  per  cent,  on  opposite  sides  of  Temple 
Bar.  Under  whatever  conditions  the  early  installations  are  made,  it  is 
certain  that  there  will  be  a steady  movement  in  favour  of  supplying  currents 
of  high  potential,  and  that  lamp  makers  will  be  stimulated  to  furnish  an 
article  that  will  permit  of  this.  The  first  cost,  and  consequently  also  the 
annual  charges,  on  generators,  leads,  and  troughs  are  in  an  inverse  ratio  to 
the  potential  at  which  the  current  is  delivered  to  the  consumer,  and  conse- 
quently, as  interest  and  depreciation  figure  so  heavily  in  all  electric  lighting 
estimates,  it  is  of  importance  that  means  should  be  devised  whereby  such 
an  important  factor  of  economy  may  be  utilised. 

In  arc  lighting  and  the  transmission  of  power,  the  advantages  of  high 
tension  currents  were  quickly  perceived.  The  Brush  machines  upon  their 
introduction  to  this  country,  came  rapidly  to  the  front,  because  they  would 
maintain  many  lamps  upon  one  widely  extended  circuit,  while  other  appa- 
ratus required  a separate  conductor  for  each  light. 

The  employment  of  high  tension  currents  for  arc  lamps  is  an  easy 
matter,  but  with  a system  of  incandescence  lighting,  in  which  the  lamps  are 
arranged  in  parallel  arc,  such  currents  have  hitherto  been  inadmissible. 
Various  plans  were  propounded  before  the  Committee  that  sat  to  consider 
the  Electric  Lighting  Bill,  for  the  transformation  of  currents  from  a high 
to  a low  potential,  by  the  aid  of  secondary  batteries,  but  these  batteries  have 
not  as  yet  attained  a commercial  existence  in  this  country.  In  New  York, 
however,  we  hear  Mr.  Brush  has  elaborated  a scheme  of  this  kind,  and  that 
he  proposes  to  employ  the  generators  that  at  night  are  used  in  the  illumina- 
tion of  the  streets,  during  the  daytime  to  charge  batteries  placed  in  private 
houses. 

One  of  the  latest  inventions  for  the  distribution  of  electric  energy  is 
that  of  Messrs.  Gaulard  and  Gibbs.  It  has  a two-fold  object;  firstly,  it 
aims  at  rendering  it  practicable  for  undertakers  to  supply  current  at  the 
most  economical  potential  permitted  by  the  terms  of  their  provisional  orders; 
and,  secondly,  it  is  intended  to  make  the  user  independent  of  the  producer, 
and  to  enable  him  to  apply  the  current  he  receives  to  any  purpose  he  may 
please,  such  as  arc  lighting,  incandescence  lighting,  the  generation  of  power, 
or  of  heat.  According  to  this  invention  the  current  in . the  main  conductors, 
which  proceed  from  the  central  station,  is  employed  solely  for  the  generation 
of  other  or  secondary  currents  at  each  spot  at  which  they  may  be  required. 
Thus,  if  there  were  five  hundred  consumers  in  connection  with  one  station, 
each  would  have  his  own  separate  generator,  actuated  or  energised  by  the 
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main  current,  and  he  would  have  it  in  his  power  to  generate  currents  at 
a potential  of  45,  GO,  91,  or  other  number  of  volts  as  he  chose.  The  main 
current  would  act  merely  as  a carrier  of  power,  taking  the  energy  of  the 
steam  engine,  and  distributing  it  in  small  quantities  all  over  the  town,  each 
subscriber  absorbing  any  amount  he  required,  up  to  the  maximum  capacity 
of  his  generator. 

The  secondary  generator  of  Messrs.  Gaulard  and  Gibbs  is  based  upon 
the  same  principle  as  the  Rhumkorff  coil.  In  magneto  machines  producing 
alternating  currents,  a coil  of  insulated  copper  wire,  with  or  without  an  iron 
core,  is  rapidly  carried  through  a number  of  magnetic  fields,  in  such  a way 
that  each  end  is  exposed  to  quick  alternations  of  north  and  south  polarity ; 
in  a Rhumkorff  coil  there  is,  of  course,  no  mechanical  motion,  but,  in  place 
of  it,  a magnetic  or  polar  motion  is  induced  within  the  coil  by  the  alternate 
making  and  breaking  of  the  primary  current  which  flows  round  an  iron  core, 
each  end  of  which  becomes  alternately  polar  and  neutral.  If,  in  place  of 
a broken  or  pulsating  current,  an  alternating  current  be  eni])loyed  in  the 
primary  circuit,  the  analogy  to  a magneto-electric  generator  becomes  perfect, 
and  magnetic  fields  of  alternate  polarity  are  induced  within  the  coil  in  rapid 
succession.  This  magnetic  or  polar  motion  induces,  in  the  convolutions 
of  the  coil,  currents  whose  electromotive  foi’ce  depends  upon  the  number 
of  turns  and  on  the  intensity  of  the  magnetic  field,  and  the  quantity  of 
which  varies  with  the  resistances  of  the  circuit  of  which  they  form  a part. 
If  the  secondary  coil  be  made  in  several  parts,  each  with  independent  ter- 
minals, these  parts  may  be  variously  coml)ined  either  in  parallel  arc,  or 
compound  parallel  arc,  or  series,  according  to  the  conditions  under  which 
the  second,  or  locally  generated  current,  is  to  be  employed,  and  thus  it 
is  possible  to  generate  by  means  of  one  secondary  generator,  currents  of 
high  or  low  potential.  This  in  itself  is  not  entirely  new,  for  in  1877 
M.  Jablochkoff  patented  the  combined  use  of  a generator,  induction  coils, 
and  lamps.  The  coils  were  placed  in  the  main  circuit,  the  current  of  which 
was  interrupted  by  a make  and  break,  and  the  lamps  were  situated  in  series 
in  each  of  the  secondary  circuits.  What  measure  of  success  he  attained  we 
do  not  know,  but  we  believe  that  the  system  was  actually  tried  in  this 
country.  M.  de  Meritens  and  also  Mr.  Bright  have  provisionally  protected 
similai'  schemes,  but  neither  seemed  to  think  them  worth  prosecuting. 

T1  ic  illustrations  ex})lain  this  system  of  distribution.  Rig.  350  is  a 
perspective  view  of  the  a])])aratus  as  it  was  first  shown  at  the  Westminster 
Aquai'ium,  Rig.  351  is  a diagrammatic  longitudinal  section  of  one  of  the 
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coils,  and  Fig.  352  a diagram  of  an  installation  consisting  of  one  central 
]n'iinaiy  generator  and  eleven  secondary  generators.  Referring  to  Fig.  350, 


Fig.  350. 
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it  will  be  seen  that  the  apparatus  consists  of  four  vertical  compound  bobbins, 
and  as  these  are  identical  in  their  construction  the  description  of  one  will 
serve  for  all,  A.  core  of  soft  iron  fits  easily  within  a 'vooden  or  paper  tube, 
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upon  which  is  wound  an  insulated  copper  conductor  in  three  layers  of  spirals, 
as  in  an  ordinary  solenoid.  The  diameter  of  this  conductor  is  three 
millimetres.  Over  the  cylinder  thus  formed,  there  are  placed  four  bobbins, 
each  wound  with  an  insulated  strand  composed  of  six  insulated  copper  wires, 
each  half  a millimetre  in  diameter.  These  bobbins  constitute  the  secondary 
circuit  of  the  coil,  and  have  each  two  spring  terminals.  Fig.  350,  which  rest 
upon  a vertical  commutator.  This  consists  of  a polygonal  piece  of  non- 
conducting material,  capable  of  being  turned  about  its  vertical  axis  by  a 
handle  shown  at  the  top  of  the  apparatus,  and  having  conducting  metal 
strips  let  into  its  surface.  In  one  angular  position  the  positive  end  of  one 
bobbin  is  connected  to  the  negative  end  of  the  next,  and  so  on  ; in  another 
position  all  the  positive  ends  are  connected  together  and  all  the  negative 
ends  are  likewise  connected,  while  in  a third  position  the  bobbins  are 
grouped  in  two  series  of  two  each.  The  upper  and  lower  ends  of  the 
secondary  conductor  of  each  vertical  set  of  four  bobbins,  are  connected 
to  the  terminals  on  the  upper  board,  and  by  means  of  short  pieces  of 
wire  these  terminals  can  be  coupled  together  so  as  to  group  the  columns 
in  series,  or  in  parallel  arc,  or  in  two  sets  of  two  each.  The  drawing  shows 
that  the  cores  can  be  raised  from  the  interior  of  the  primary  coils  by  racks 
and  pinions,  and  in  this  way  another  means  of  varying  the  secondary  cur- 
rent is  obtained,  as  the  polar  field  may  be  partly  transferred  to  a region 
where  it  has  little  or  no  inductive  effect  upon  the  coils.  The  main  or 
actuating  current  enters  the  apparatus  at  the  left-hand  terminal  on  the 
bottom  board,  and  leaves  by  a similar  terminal  on  the  right  side,  after 
traversing  the  primary  circuits  of  the  four  columns.  By  means  of  the 
central  handle  the  primary  coils  can  be  successively  cut  out  of  circuit,  and 
the  current  sent  along  a by-pass  conductor. 

The  value  of  this  invention  will,  of  course,  depend  upon  its  economic 
efficiency.  Its  inventors  claim  that  it  gives  very  high  results,  but  they  do 
not  appear  to  have  the  records  of  any  trials  made  under  exact  conditions. 
At  the  Aquarium  they  laboured  under  considerable  disadvantages,  as  they 
derived  their  current  from  one  circuit  on  a Siemens  Wg  alternate  current 
machine,  the  other  circuits  of  which  were  feeding  lamps  in  the  building. 
Added  to  this  the  current  was  too  great  for  the  cajiacity  of  their  instrument, 
and  an  arc  lamp  had  to  be  placed  in  the  main  circuit  to  modify  its  intensity. 
Now  it  is  well  known  that  each  of  the  four  circuits  of  such  a machine 
will,  in  ordinary  practice,  feed  fifty-five  Swan  lamps,  therefore,  subtracting 
eight  lamps  as  the  equivalent  of  the  arc,  it  shoidd  in  this  case  feed  forty- 
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nine.  It  did  actually  feed  twenty-six,  but  it  is  evident  that  it  would  have 
maintained  a larger  number — ^how  much  larger  we  do  not  know;  but  of  course 
it  is  impossible  but  that  there  should  be  a loss  in  the  secondary  generation. 
This  loss  must  represent  an  increased  expenditure  of  coal,  and  it  would  not 
be  difficult  to  determine  its  minimum  value  for  a given  hypothetical  instal- 
lation. Against  this  must  be  placed  the  saving  of  first  cost  and  annual 
charges  to  the  undertakers,  that  is,  if  they  do  not  provide  the  secondary 
generators.  We  do  not  know  at  what  price  it  is  proposed  to  supply  these, 
but  it  is  certain  that  their  aggregate  value  in  an  installation  of  20,000 
lamps,  distributed  among  1000  houses,  would  form  a formidable  item  to  be 
placed  against  the  saving  at  the  central  station.  But  Messrs.  Gaulard  and 
Gibbs  are  far  from  basing  the  claims  of  their  invention  to  the  appreciation 
of  the  public  upon  a comparison  of  its  capabilities  with  those  of  the  small 
ventures  in  electric  lighting  already  attempted  ; they  put  it  forward  as  a 
solution  of  the  problem  “ of  the  further  industrial  development  of  absolute 
distribution,  that  is  to  say,  a system  of  distribution  limited  neither  by 
the  distance  of  the  central  factory  from  the  point  of  consumption,  nor  by  the 
number  of  consumers  to  be  supplied.” 

The  National  Company  for  the  Distribution  of  Electricity  by  Secondary 
Generators  have,  with  considerable  success,  completed  the  lighting  of  a 
portion  of  the  Metropolitan  Railway,  seven  miles  in  length,  from  a central 
station,  by  the  system  we  have  just  described.  The  chief  apparatus  em- 
ployed in  the  installation,  although  identical  in  principle  with  the  former, 
differs  greatly  from  it  in  appearance,  and  has  developed  from  a scientific 
instrument  into  an  industrial  plant,  capable  of  application  in  connection  with 
all  forms  of  electric  lighting.  The  distinctive  feature  of  this  system  is  that 
the  electric  current  generated  at  the  central  station  does  not  pass  through 
any  of  the  lamps  which  owm  their  light  to  it,  but  circulates  in  a closed  cir- 
cuit, which,  starting  from  the  primary  generator,  traverses  the  whole  district 
to  be  lighted,  carrying  the  energy  developed  by  the  engine  and  absorbed 
by  the  generator,  into  every  part  of  it.  The  visible  manifestation  of 
this  energy  in  the  form  of  light,  is  due  to  the  secondary  generators,  which 
give  the  name  to  the  company.  The  first  current  is  an  alternating  one,  and, 
in  the  secondary  generators,  induces  at  each  reversal  of  its  direction,  a mo- 
mentary current  in  wires  lying  beside  the  one  it  is  traversing.  The  intensity 
and  electromotive  force  of  the  secondary  current  depend  upon  the  relation  of 
the  two  wires,  and  consequently  the  apparatus  will,  if  suitably  designed, 
give  currents  of  any  desired  quality,  either  for  arc  or  incandescence  light- 
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ing,  or  for  other  purposes.  The  qualities  of  the  primary  current  are  not 
determined  by  the  conditions  under  whicli  the  lamps  will  burn,  because  it  is 
only  a carrier  of  energy,  and  consequently  it  is  in  the  power  of  the  elec- 
trician to  select  those  conditions  which  are  the  most  economical  both  as 
reofards  the  first  cost  of  the  conductor  and  the  loss  due  to  its  resistance. 
The  size  of  the  conductor  and  the  loss,  depend  entirely  upon  the  intensity  of 
the  current,  and  consequently  in  this  installation  a moderate  current  of  10 
amperes,  with  a high  electromotive  force  of  2000  volts,  is  employed. 

The  central  station  is  at  Edgware-road,  where  the  ])rimary  current  is 
generated  by  a Siemens  alternating  machine.  Although  the  tension  of 
the  current  is,  as  we  have  said,  2000  volts,  yet  any  part  of  the  circuit  may 
be  touched  without  inconvenience  so  long  as  the  insulation  in  the  other 
parts  is  maintained  perfect. 

The  total  length  of  the  primary  circuit  is  fifteen  miles.  It  consists  of 
a copper  strand  of  No,  8 B,  W,  G,,  carried  on  insulators  fixed  to  the  brick- 
work of  the  tunnel,  and  is  visible  from  the  carriage  windows  on  the  right- 
hand  side  going  westwards.  There  are  at  present  four  stations  lighted, 
Aldgate,  Gower-street,  Edgware-road,  and  Notting  Hill  Gate,  the  total 
number  of  lamps  being  about  100  Swans  and  G arcs.  At  each  station  there 
is  a secondary  generator,  placed  in  a cellar  or  vault  or  in  any  odd  corner,  as 
it  requires  no  mechanical  power  or  attention.  It  occupies  a fioor  space  of 
4 ft,  square,  stands  about  5 ft,  high,  and  consists  of  16  vertical  columns. 
Each  column  is  composed  of  an  iron  core,  wound  with  a cable  formed  of  a 
central  wire  of  No,  8 B,  W,  G,,  surrounded  by  48  fine  wires,  each  separately 
insulated,  and  all  connected  together  at  their  ends.  The  terminals  of  both 
primary  and  secondary  wires  are  led  to  ingeniously  and  well-arranged  switch 
boards,  by  which  the  columns  can  be  grouped  together  in  any  desired  order 
to  obtain  the  required  conditions.  For  instance,  one  group  of  four  columns 
can  be  arranged  in  series  to  feed  a number  of  Jablochkofi  candles,  also 
arranged  in  series.  Another  group  may  be  arranged  parallel  to  drive  a 
powerful  arc  lamp,  while  the  remaining  eight  columns  may  be  put  in  com- 
pound parallel  groups  of  two  each  to  supi)ly  high  resistance  incandescence 
lamps.  Minute  variations  are  obtained  by  raising  and  lowering  a copjier 
shield,  which  covers  a portion  of  the  iron  core  of  each  column.  With  a 
primary  current  of  10  amperes,  each  secondary  generator  will  absorb  8 elec- 
trical horse-power,  the  loss  being  stated  to  be  only  10  ])or  cent.  The  i)ower 
required  to  overcome  the  resistance  of  the  primary  conductor  will  be  one- 
quarter  of  a horse-power  per  mile,  with  a wire  of  4 millimetres  diameter,  arid 
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a current  of  10  amperes,  and  as  long  as  these  conditions  are  maintained  the 
loss  is  constant  for  any  power  that  may  be  transmitted. 

Thus  in  the  present  installation  four  electrical  horse-power  are  consumed 
in  driving  the  current  through  the  primary  circuit,  but  if  another  hundred 
lamps  were  added  in  the  stations,  or  if  other  stations  were  lighted,  there 
would  be  no  increase  in  the  loss,  as  additional  circuits  would  be  brought  into 
play  in  the  primary  generator,  or  its  speed  would  be  increased  until  the 
difference  of  potential  at  its  terminals  was  sufficient  to  maintain  a current 
of  10  amperes  in  the  line  as  before. 

It  is  impossible  not  to  be  struck  by  the  novelty  and  singular  adapta- 
bility of  Messrs.  Gaulard  and  Gibbs’  system.  The  main  already  laid  is 
sufficient  to  stretch  round  the  whole  Metropolitan  Railway  circuit,  and  if 
the  electromotive  force  of  the  current  were  adequately  increased,  it  would 
carry  energy  to  light  every  station  without  greater  actual  loss  on  the  way 
than  occurs  already.  To  what  extent  the  potential  can  be  raised  is  a moot 
question,  but  appearances  tend  to  prove  that  it  can  be  multiplied  to  several 
times  its  present  figure  if  the  insulation  is  carefully  attended  to.  The  cost 
of  a conductor  to  carry  a direct  current  for  lighting  by  incandescence,  on 
a circuit  of  fifteen  miles,  would  be  perfectly  prohibitory  to  any  scheme. 


MULTIPOLAR  GRAMME  DYNAMO. 


rriHE  multipolar  Gramme  continuous  current  generator  has  two  series  of 
electro-magnets  of  twelve  each^  mounted  in  circles  upon  two  parallel 
frames,  and  enclosing  between  them  a thin  Gramme  armature.  The  poles 
of  the  magnets  are  alternately  of  north  and  south  polarity  on  each  frame, 
but  a north  pole  on  one  frame  faces  a north  pole  on  the  other,  and  a south 
pole  faces  a south  pole,  opposite  poles  being  always  of  like  name.  In  this 
respect  the  arrangement  differs  from  the  usual  multipolar  machines,  which, 
as  a rule,  are  of  the  alternate  current  type. 

The  armature  is  mounted  upon  wooden  discs  connected  to  the  axis  by 
cast-iron  flanges,  and  its  position  between  the  magnetic  poles  is  regulated 
by  collars  in  the  bearings,  so  that  the  clearance  space  can  be  divided  exactly 
in  halves. 

All  the  positive  brushes  are  held  in  fixed  cases  in  a metallic  disc,  and 
all  the  negative  brushes  in  cases  attached  to  a second  metallic  disc.  Fig.  357- 
These  two  discs,  electrically  insulated,  are  bolted  together.  They  can  turn 
freely  upon  a central  circular  bearing  cast  in  one  with  the  framing.  They 
are  further  held  against  the  framing  by  two  slides  (Fig.  354),  which  allow 
them  to  be  displaced  angularly  by  a certain  amount,  when  it  is  desired  to 
vary  the  position  of  the  brushes  in  relation  to  the  neutral  magnetic  axis. 
The  regulation,  fixing,  and  disconnection  of  the  brushes  is  effected  by  means 
of  pins  mounted  in  bearings,  which  latter  are  fixed  to  the  periphery  of  two 
discs,  likewise  electrically  insulated,  and  bolted  together  like  tlie  first  pair 
(Fig.  358).  The  two  discs  turn  freely  upon  a central  bearing  cast  upon  the 
support  of  the  main  shaft.  The  pins  penetrate  into  a series  of  notclies  cut 
in  the  brush  holders,  one  of  the  regulating  discs  receiving  the  pins  designed 
to  operate  the  positive  brushes,  and  the  other  those  for  the  negative  bruslies 
(Figs.  353  and  354),  and  thus  each  set  is  coupled  in  quantity. 
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Ordinarily  the  four  discs,  the  brush  holders,  and  the  brushes  are  rigidly 
connected ; and  to  bring  each  brush  successively  to  the  upper  part  of  the 


Fig.  353. 


collector,  it  is  only  necessary  to  withdraw  the  bolts  which  fix  the  first  discs 
to  the  slide  (Fig.  357)  of  the  framing.  Thus  the  lengths  of  the  brushes  can 
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be  exactly  regulated  before  they  are  fixed  in  their  respective  cases.  This 
completed,  the  bolts  are  returned  to  the  slides,  and  the  topmost  brush  is 
placed  in  the  best  position  with  regard  to  the  neutral  line.  All  the  brushes 


are  thus  placed  in  the  l>est  position  with  relation  to  the  polar  armatures, 
but  as  yet  they  do  not  touch  the  armature.  To  ])ut  the  brushes  in  action 
it  is  necessary  slightly  to  rotate  the  discs  carrying  tlie  regulating  pins,  by 
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means  of  the  screw  shown  to  the  left  of  the  centre  line  in  Fig,  354.  It 
i-esults  that  the  pins  cause  all  the  l)rush  holders  to  rotate  simultaneously, 
and  to  give  a uniform  and  graduated  pressure  to  the  brushes.  With  a little 
])ractice  all  the  twelve  brushes  can  be  adjusted  as  easily  as  two  ordinarily 
are. 

Two  machines  of  this  type  have  been  completed,  and  are  still  in  the 
experimental  stage ; consequently  it  is  impossible  to  give  exact  figures  as 


Fig.  357.  Fig.  358. 

to  their  performance.  In  the  early  trials  they  were  arranged  as  generator 
and  motor,  the  former  running  at  834  revolutions,  and  the  latter  at  645. 
The  work  of  the  motor,  as  measured  by  a brake,  was  40.5  horse-power. 
The  return  was  more  than  60  per  cent.,  the  power  being  transmitted  to  a 
distance  of  a kilometre. 
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GORDON’S  DYNAMO-ELECTRIC  MACHINE. 


1%/TR.  GORDON’S  dynamo-electric  machine  at  the  works  of  the  Tele- 
J-TJ.  graph  Construction  and  Maintenance  Company,  Greenwich,  is 
without  doubt  the  largest  that  has  yet  been  constructed.  The  object  of  the 
inventor  was  to  produce  a plant  which  Avould  take,  as  it  were,  the  place  of 
large  gas  works  for  supjjlying  light  from  a central  station,  and  with  this 
object  the  dynamo  illustrated  by  Fig.  359  was  constructed  to  supply  from 
5000  to  7000  Swan  incandescence  lights  of  20-candle  power  each. 

In  this  machine  the  inducing  magnets  are  revolved,  and  the  induced 
coils  are  fixed,  a principle  which  has  been  followed  before  by  many  other 
inventors.  Such  a plan  allows  the  revolving  wheel  in  the  Gordon  machine 
to  be  built  up  of  massive  wrought-iron  plates.  A disadvantage  of  machines 
in  which  the  armature  itself  moves,  is  the  difficulty  of  constructing  a suitable 
rubbing  contact  for  currents  of  from  1000  to  10,000  ampbres  or  more  in 
strength ; Imt  when  the  magnets  themselves  are  caused  to  revolve  this  diffi- 
culty does  not  appear.  A further  difference  in  the  pattern  for  large  and  small 
dynamos  is  to  be  found  in  the  fact  that  about  the  same  electromotive  force 
is  required,  whether  the  machine  be  large  or  small.  The  armature  of  a small 
dynamo  is  wound  with  a great  length  of  fine  wire  ; while  the  conductors 
on  the  armature  of  a laro^e  machine  must  be  much  shorter  and  of  much 
greater  sectional  area.  In  the  machine  about  to  be  described  the  conductor 
is  about  130  ft.  long  and  has  a total  cross  section  of  3.44  square  inches. 

These  short,  thick  conductors  may  be  constructed  in  two  ways  : either 
they  may  be  made  of  copper  rod  or  ribbon,  or  they  may  consist  of  a great 
number  of  separate  coils  of  wire  of  moderate  diameter,  all  connected  in 
quantity.  The  latter  jdaii  has  been  adopted  in  the  Gordon  machine,  where 
there  are  128  coils,  each  wound  with  about  130  ft.  of  No.  7 copper  wire, 
and  all  so  connected.  The  diameter  of  each  wire  is  0.185  in.,  and  its 
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cross-section  is  .0269  square  inch,  giving  3.44  square  inches  for  the  cross 
section  of  the  conductor  on  the  total  number  of  coils. 

As  will  be  seen  from  the  figure,  the  dynamo  consists  of  a strong  revolv- 
ing wheel  W,  built  up  of  wrought-iron  boiler  plates,  and  consisting  of  two 
central  discs  A and  two  hollow  cones  B,  whose  bases  fit  upon  the  central 
discs.  The  main  shaft  C passes  through  the  apices  of  these  cones.  The 
discs  are  kept  apart  at  the  rim  by  a wrought-iron  ring,  and  at  the  centre  by 
a cast-iron  distance  piece.  The  cones  and  discs  are  separated  at  the  centre 
by  massive  cast-iron  bosses,  and  the  whole  frame  is  properly  strengthened 
by  angle  pieces. 

This  ring  carries  a series  of  thirty- two  electro-magnets  M M round  its 
periphery,  the  bobbins  forming  the  poles  projecting  from  its  sides.  The 
poles  run  alternately  north  and  south  on  each  side.  These  magnets 
are  formed  of  cylindrical  wrought-iron  cores,  fitted  with  brass  bobbins  con- 
taining the  coils.  Pole-pieces  of  boiler  plate,  made  in  the  form  of  a \/  with 
sides  following  radii  of  the  wheel,  are  fitted  to  the  magnets.  The  shaft  runs 
in  bearings  of  phosphor-bronze  carried  by  the  side  frames  H.  There  is  a 
large  opening  in  the  sole-plate  of  the  machine,  to  allow  the  wheel  to  turn  in 
a pit  below  the  floor  level,  so  as  to  bring  its  centre  of  gravity  low,  and 
increase  the  stability  of  the  structure. 

The  end  thrust  is  taken  by  two  loose  iron  collars  placed  on  the  shaft 
and  pressed  gently  against  the  inside  ends  of  the  journals  by  set  screws  pro- 
jecting from  the  ends  of  the  cast-iron  bosses.  The  collars  carry  contact 
rings  for  conveying  the  exciting  current  to  the  magnets.  These  rings  are  of 
phosphor-bronze,  and  are  insulated  from  the  iron  collars  by  split  rings  of  vul- 
canite. The  usual  copper  brushes  press  on  the  contact  rings,  and  convey  the 
exciting  current  to  them.  The  electro-magnets  are  all  connected  in  series, 
so  that  the  current  from  the  exciting  machines  flows  right  through  them. 
At  Greenwich  these  machines  are  the  ordinary  Biirgin  type,  supplied  by 
Mr.  B.  E.  Crompton. 

The  revolving  wheel  thus  constructed  turns  between  two  jjarallel  sets 
of  fixed  coils  F P carried  by  the  cast-iron  frame,  which  is  made  in  three 
segments,  one  smaller  than  the  rest.  This  segment  can  be  removed  to  allow 
of  a defective  magnet  being  got  at  by  revolving  the  central  wheel  until  the 
faulty  magnet  comes  in  sight.  There  are  128  fixed  coils  in  all,  or  sixty-four 
on  each  side,  and  these  are  acted  on  by  the  thirty-two  poles  of  the  magnet 
wheel  facing  them.  There  is  thus  twice  the  number  of  fixed  coils  to  moving 
magnets.  If  the  machine  had  an  equal  number  of  coils  and  magnets  the 
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induction  of  one  coil  on  the  next  would  be  such  as  to  reduce  the  efficiency  of 
the  machine,  so  that  if  a certain  number  of  lamps  were  being  fed  by  one 
coil,  the  closing  of  the  circuit  in  the  one  next  to  it  on  one  side,  would  reduce 
the  light  of  the  lamps  on  the  first  coil  by  about  25  per  cent.,  and  closing 
the  circuit  of  the  next  on  the  other  side,  would  still  further  reduce  it  by 
a like  amount.  This  is  due  to  the  fact  that  as  the  currents  in  adjacent 
coils  circulate  in  opposite  directions,  they  are  in  the  same  direction  in  those 
parts  of  the  coils  nearest  each  other ; and  as  they  increase  together  they 
retard  each  other  mutually. 

The  coils  are  painted  red  and  blue  alternately,  and  the  red  coils  form  a 
separate  circuit  from  the  blue  ones.  The  magnets  act  alternately  on  the  red 
and  blue  sets.  For  instance,  when  the  poles  of  sixteen  magnets  are  having 
their  maximum  actions  on  the  red  coils  1,  3,  5 up  to  31,  the  other  blue  coils, 
2,  4,  6 up  to  32,  are  practically  idle,  and  act  as  a metallic  screen  to  the 
injurious  induction  of  the  red  coils  on  each  other.  Coils  1 and  5 still  tend 
to  reduce  the  current  in  3 ; but  being  separated  from  it  by  the  thickness  of 
coils  2 and  4,  their  action  is  so  small  as  to  be  unnoticeable.  Coils  1 and  3 
induce  electromotive  forces  in  the  two  sides  of  2,  but  these  are  equal  and 
in  opposite  directions  and  so  annul  each  other,  leaving  coil  2 undisturbed. 

In  coupling  several  coils  together,  either  in  quantity  or  series,  the  red 
coils  are  only  connected  with  red  coils,  and  the  blue  with  blue  ones.  Each 
coil  can  be  used  to  feed  a separate  lamp  circuit,  or  groups  of  coils  can  be 
joined  together  at  will ; but  in  general  practice  the  coils  would  be  connected 
in  two  separate  circuits,  the  red  in  one  and  the  blue  in  the  other. 

To  economise  space  these  coils  are  made  wedge-shaj)ed,  with  their  sides 
radial  to  the  centre  of  the  shaft.  The  cores  are  of  wrought  iron,  as  Mr. 
Gordon  finds  it  capable  of  higher  magnetisation  than  cast  iron.  The  flanges 
F F of  these  fixed  coils,  next  to  the  revolving  wheel,  are  of  German  silver, 
a material  which  has  great  rigidity  and  a high  resistance  to  the  circulation 
of  induced  currents  in  it.  To  further  prevent  the  circulation  of  these 
currents  the  flanges  are  slotted,  in  the  manner  shown,  at  right  angles  to  the 
direction  such  currents  would  take. 

These  coils  are  fixed  to  the  cast-iron  frames  by  proh)nging  the  cores 
outwards,  and  seciu'ing  them  to  a fixed  iron  ring-shaped  })late.  To  prevent 
the  waste  of  power  by  induced  currents  in  this  i)late,  it  is  set  back  from 
the  coils  to  a calculated  distance,  which  reduces  the  induction  currents 
in  the  jdate  to  nearly  nil  for  the  whole  of  the  coils,  and  thus  the  frame  does 
not  develop  heat.  Flocks  of  wood  are  inserted  between  the  })late  and  coils 
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to  keep  the  frame  rigid.  The  clearance  between  the  revolving  wheel  and 
fixed  coils  is  about  ^ in. 

All  the  bobbins,  both  of  the  magnets  and  fixed  coils,  are  wound  with 
No.  7 copper  wire,  having  a double  covering  of  cotton.  The  bobbins,  when 
wound,  are  completely  soaked  in  shellac  varnish,  and  baked  at  a high 
temperature.  They  are  then  painted  over  with  asbestos  paint,  the  parts 
liable  to  heat  receiving  several  coats.  This  paint  is  peculiarly  serviceable  in 
such  a case,  as  it  does  not  tend  to  blister. 

The  scale  on  which  the  machine  is  constructed,  may  be  gathered  from 
the  fact  that  the  diameter  of  the  revolving  wheel  is  8 ft.  9 in.,  and  its  weight 
7 tons.  The  sole-plate  is  13  ft.  4 in.  by  7 ft.,  and  the  total  weight  is  about 
1 8 tons. 

The  current  is  an  alternating  one,  and  therefore  is  not  adapted  to  charge 
secondary  batteries  ; but  the  alternations  are  so  rapid,  and  the  machine  so 
manageable,  that  accumulators  are  not  strictly  necessary  to  it,  since  it  can 
be  kept  going  by  day,  supplying  a few  lights  with  a proportionate  absorption 
of  energy. 

The  machine  serves  to  light  the  entire  factory  and  grounds  of  the 
Telegraph  Construction  and  Maintenance  Company  at  East  Greenwich. 
The  installation  comprises  1300  Swan  lamps  of  20-candle  power  each, 
distributed  through  the  premises,  among  the  various  fitting  shops,  cable 
machines,  testing  rooms,  and  offices,  as  well  as  the  avenues  of  approach, 
where  the  lamps  are  enclosed  in  sets  of  four  within  ship’s  lanterns,  to  serve 
as  street  lamps. 

In  feeding  1300  lamps,  the  128  excited  coils  are  joined  up  four  in 
series,  and  thirty-two  in  quantity.  The  current  in  the  magnets,  from  the 
two  Blirgin  machines,  is  about  17  amperes,  and  the  electromotive  force  is 
about  88  volts.  The  current  in  each  armature  wire  is  24^  amperes.  For 
a larger  number  of  lamps  all  the  coils  would  be  connected  in  quantity,  and 
the  speed  would  be  200  revolutions  per  minute,  the  current  in  the  magnets 
being  about  48  amperes,  with  the  same  electromotive  force  as  before.  Then 
with  5200  lamps  in  circuit  the  current  in  each  armature  wire  would  be  24;^ 
amperes  as  before,  but  this  wire  will  easily  carry  40  amperes,  which  Mr. 
Gordon  claims  would  feed  8600  lamps. 

It  will  be  seen  that  the  speed  of  revolution  is  a slow  one  compared 
with  that  of  other  dynamos,  and  hence  the  machine  is  less  likely  to  dete- 
riorate. When  more  current  is  required  the  power  of  the  exciting  magnets 
is  augmented  by  increasing  the  exciting  current.  The  operations  by  which 
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this  is  effected  are  conducted  in  a dark  room,  in  which  a photometer  is 
kept,  and  through  which  pass  the  steam  pipes  of  the  two  engines  driving 
the  dynamo  and  the  exciting  machines.  The  regulating  apparatus  consists 
of  a shadow  photometer,  a pressure  gauge,  a Hearson  strophometer,  a Perry 
and  Ayrton  ammeter,  and  stop  valves  applied  to  the  steam  pipes,  with  their 
wheels  so  placed  that  a man  can  control  them  while  reading  the  photo- 
meter. The  strophometer  indicates  the  speed  in  turns  per  minute  of  the 
large  dynamo,  and  the  ammeter  shows  the  strength  of  current  in  the 
exciting  magnets.  One  wheel  works  the  stop  valve  of  the  engine  driving 
the  i^enerator,  and  the  other  works  that  of  the  ens^ine  drivinof  the  excitini; 
dynamos.  The  control  is  eftected  in  the  following  manner : Two  Swan 
lamps  are  fitted  up  on  the  photometer  table,  one  in  the  red  circuit  and  one 
in  the  blue.  By  means  of  suitable  switches,  the  current  is  turned  on  to 
one  of  these  lamps,  and  the  intensity  of  the  shadow  cast  by  it  on  the  screen 
of  the  photometer  is  compared  with  that  thrown  by  a standard  candle. 
If  it  is  too  dim,  showing  that  the  lamp  is  too  feeble,  the  operator  turns  the 
valve  wheel  of  the  engine  driving  the  exciter,  and  admits  more  steam, 
thus  quickening  the  engine  and  the  exciting  machines.  The  result  is  that 
the  exciting  currents  in  the  magnets  are  increased  in  strength,  as  the 
ammeter  in  circuit  shows.  The  intensification  of  the  magnetic  field  of  the 
generator  which  ensues,  of  course  causes  the  generator  to  go  more  slowly,  but 
this  slackening  of  speed  is  corrected  by  admitting  more  steam  to  its  diiving 
engine  by  working  the  other  valve  wheel.  The  strophometer  indicates 
when  the  old  speed  has  been  regained,  and  the  photometer  shows  that  the 
lamp  has  recovered  its  normal  brightness.  If  a lamp  should  become  too 
bright,  the  same  process,  in  the  contrary  direction,  is  followed  out,  and  one 
circuit  after  the  other  is  tested  thus  by  means  of  the  switches.  The  speed 
of  the  generator  is  kept  practically  constant,  the  I'egulation  being  efi'ected  by 
increasing  or  diminishing  the  strength  of  current  in  the  exciting  magnets. 
This  mode  of  regulation  allows  of  a great  number  of  lights  being  put  out 
at  a time,  and  enables  the  machine  to  feed  few  or  many.  To  avoid  any 
sudden  change  of  light  in  regulating,  a slow  motion  is  given  to  the  valve 
wheels  by  means  of  tangent  screws  turned  by  hand. 
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GANZ’S  ELECTRIC  GENERATOR. 


rpHE  enormous  electric  generator  shown  by  Messrs.  Ganz  and  Co.,  of 
Budapest,  at  the  Vienna  Electrical  Exhibition  of  1883,  has  now 
been  permanently  erected  at  the  Central  Station  at  the  Hungarian  States 
Railway  at  Budapest.  It  is  employed  to  supply  current  for  70  arc  and  600 
incandescence  lamps,  and  will  form  part  of  one  of  the  most  important  and 
interesting  installations  in  Austria.  The  machine  itself  and  the  inverted 
compound  engine  by  which  it  is  driven,  are  illustrated  in  Figs.  360  and  361, 
the  two  being  combined  on  one  bed-plate,  and  the  moving  part  of  the 
generator  forming  the  flywheel  of  the  engine. 

The  currents  are  alternating,  and  therefore  the  field  magnets  need  to 


Fig.  362. 


be  separately  excited.  Consequently  the  machine  consists  of  two  separate 
parts — viz.,  an  alternate  current  generator  and  an  exciting  dynamo,  both 
mounted  concentiically  on  the  same  shaft.  The  armature  of  the  main 
generator  is  composed  of  a wire  drum,  on  the  inside  of  which  there  are 
mounted  thirty- six  induction  coils,  in  the  manner  adopted  by  Messrs.  Ganz 
and  Co.,  and  as  shown  in  Fig.  362.  These  are  wound  with  wire  of  3.8  mm. 
(.150  in.)  diameter.  The  thirty-six  field  magnets  rotating  inside  the  arma- 
ture coils  form  a flywheel  8 ft.  2^  in.  in  diameter,  and  18  in.  wide.  The 
fixed  magnets  are  wound  with  wire  .138  in.  in.  diameter. 

The  exciting  machine  (Fig.  360)  is  a six-poled  Gramme  ring  of 
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3 ft.  11  in.  mean  diameter,  revolving  within  twelve  pairs  of  field  magnets. 
The  ring  is  wound  with  wire  .98  in.  in  diameter,  and  the  magnets  with 
wire  .138  in.  in  diameter.  The  commutator  is  11.8  in.  in  diameter,  and 
consists  of  180  sectors. 

A noticeable  feature  of  this  machine  is  that  the  whole  of  the  fixed  parts, 
that  is,  the  induction  coils  of  the  alternate  current  machine  and  the  field  mag- 
nets of  the  dynamo,  are  removable  sideways  to  such  an  extent  that  a man 
may  enter  for  the  purpose  of  making  repairs,  though  it  is  scarcely  likely  that 
this  provision  will  be  needed.  To  this  end  the  fixed  parts  are  mounted  upon 
two  stout  horizontal  bars,  along  which  they  can  be  drawn  by  two  screws, 
geared  together  and  to  a handwheel.  By  the  aid  of  this  arrangement  one 
man  can  perform  the  work  of  removing  the  drum  in  a few  minutes. 

The  following  are  the  electrical  measurements  in  connection  with  this 
machine  ; 


Resistance  of  36  induction  coils  in  parallel  circuit 
,,  1200  lamps  and  leads 

„ field  magnets  of  alternate  current  machine 

,,  Gramme  ring 

„ field  magnets  of  dynamo 

Number  of  revolutions  ... 

Difference  of  potential  at  terminals  of  alternate  current  machine 
Difference  of  potential  at  terminals  of  exciter 
Current  in  alternate  current  machine  ... 

„ dynamo 
Watts  of  alternate  current 
„ exciting  current 
,,  in  lamp  circuit  ... 

Electrical  efficiency 


0.0039  ohms. 

0.038 

0.44 

0.165 

0.24 


180  per  min. 
57.6  volts. 
36.4 


1516  amperes. 


88.8 


96,297 
6,663 
87,330 
85  per  cent. 


The  weight  of  the  machine  is  about  15  tons.  It  was  designed  and 
constructed  in  the  short  space  of  three  months,  and  during  the  time  of  the 
Exhibition  was  employed  without  any  interruption  to  feed  1200  Swan 
lamps  of  20-candle  power  each,  of  which  900  were  placed  in  the  theatre. 


THE  ZIPERNOWSKY  SYSTEM. 

TN  1878,  Messrs.  Ganz  and  Co.  devoted  a part  of  their  extensive  engi- 

neering  works  to  the  manufacture  of  electric  light  machinery,  and 
adopted  the  system  patented  by  Mr.  Zipernowsky,  to  whom  they  also 
entrusted  the  management  of  this  department.  The  Zipernowsky  system 
embraces  both  arc  and  incandescence  lamps  and  the  dynamo  machines 
necessary  to  produce  the  current  for  the  lights,  as  well  as  all  accessory 
appliances  required  for  a complete  installation.  The  first  machine  con- 
structed on  this  system  in  1879,  was  designed  especially  with  a view  to 
feed  several  lamps,  arranged  either  in  parallel  circuit  or  in  series,  and  to 
admit  of  lights  being  worked  at  very  great  distances  from  the  dynamo 
machines. 

Considerable  progress  had  already  been  made  by  Messrs.  Ganz  and 
Co.  in  1880,  especially  in  agricultural  districts,  where  electric  light  was 
used  for  various  kinds  of  farming  work  during  the  night.  The  first  experi- 
ments having  been  highly  satisfactory,  several  installations  were  fitted  up  on 
the  Government  farm  at  Mezohegyes,  and  these  have  now  been  in  regular 
use  for  four  years,  and  have  met  with  general  approval.  The  advantages 
of  working  thrashing  machines  at  night,  particularly  during  harvest  time, 
are  too  well  known  to  require  special  mention  here ; suffice  it  to  say,  that 
the  director  of  this  Government  farm,  Mr.  Gluzek,  found  as  the  result  of 
three  years’  experience,  that  twelve  thrashing  plants  fitted  with  electric  light, 
would  produce  more  work  than  sixteen  without  it.  The  mode  of  driving 
the  dynamos  direct  from  the  portable  engine  and  without  the  use  of  an 
additional  loose  pulley  is  shown  in  Fig.  363,  where  the  large  circle  A 
represents  the  driving  pulley  or  flywheel  of  the  portable,  B that  of  the 
dynamo,  and  C on  the  right  that  of  the  thrashing  machine.  The  two 
driving  belts  work  one  over  the  other  on  the  engine  flywheel,  and  the 
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dynamo  is  fixed  on  a special  frame  at  a convenient  distance  between 
the  engine  and  the  thrashing  machine. 

When,  in  May,  1881,  the  Crown  Prince  of  Austria  was  received  at 
Budapest,  Messrs.  Ganz  and  Co.  embraced  the  opportunity  to  make  a 
grand  show  of  electric  lights,  and  erected  thirty  arc  lamps  of  600-candle 
power  each,  which  attracted  universal  attention,  and  proved  to  the 


Austro  - Hungarians  that  electric  illumination  was  considerably  beyond 
the  experimental  stage.  Orders  for  a large  number  of  installations  soon 
rewarded  the  enterprise  of  Messrs.  Ganz  and  Co.  The  arc  lamp  used  in  the 
Zij^ernowsky  system  is  shown  in  diagram  in  Fig.  364,  and  is  manufactured 
in  three  different  sizes,  for  burning  five,  eight,  and  sixteen  hours.  The 
latter  are  double  lamps,  with  two  sets  of  carbons,  and  are  fitted  with  an 
automatic  shunt,  which  puts  into  circuit  the  second  pair  of  carbons  after 
the  first  are  burned  down.  The  first  permanent  electric  light  installation 


Fig.  364.  Fig.  366. 


carried  out  by  Messrs.  Ganz  and  Co.,  after  keen  competition  with  foreign 
companies,  was  that  at  the  skating  rink  in  IFulapest,  with  ten  arc  lam})s. 
This  was  followed  by  the  harbour  of  Fiume  with  eight,  the  shops  of  the 
Hungarian  State  Kailway  with  fourteen  lamps,  and  the  Szlatina  mines 
with  twenty  arc  lamj)s.  All  these  installations,  although  the  first  In  execu- 
tion, are  still  in  constant  use,  and  give  thorough  satisfaction,  wliile  the 
lighting  of  Fiume  Harbour  may  be  (juoted  as  an  examjde  of  raj)id  work, 
the  lamps  being  in  working  condition  within  one  week  of  the  order  being 
received  at  the  works. 
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Since  1882  the  firm  have  successfully  carried  out  a number  of  installa- 
tions with  incandescence  lamps,  one  of  the  largest  being  that  of  the  National 
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Theatre  in  Budapest,  with  1000  lamps  of  20-candle  power  each.  Fig.  365 
represents  a small  block  plan  of  this  theatre,  where  A is  the  stage,  B the 
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auditorium,  C the  engine  and  machine-house,  and  D the  chimney.  The 
engine-house  is  in  a building  adjoining  the  theatre,  where  a spacious  base- 
ment was  available;  this  basement  is  divided  by  a wall  into  two  parts,  the 
smaller  of  which  contains  two  water-tube  boilers  d d,  of  Biittner’s  type,  one 
only  being  required  for  regular  work,  the  second  forming  a stand-by.  The 
steam  supplies  two  vertical  compound  engines  by  Messrs.  J.  and  H.  Gwynne, 
which  are  placed  one  at  each  end  of  the  engine-room,  the  main  shafting 
being  arranged  between  them,  with  a friction  coupling  at  each  extremity, 
by  means  of  which  either  one  or  the  other,  or  both  engines,  may  be  used  to 
drive  the  shafting.  To  the  latter  are  keyed  five  carefully  balanced  driving 
pulleys  ii,  running  at  180  revolutions  per  minute,  and  these  carry  the  belts 
for  five  alternating  current  machines,  specially  designed  for  lighting  theatres 
with  incandescence  lamps.  Each  machine  is  capable  of  supplying  current 
for  250  twenty-candle  power  incandescence  lamps,  requiring  a difference  of 
potential  of  56  volts,  and  a current  of  1.4  amperes  each.  Four  machines 
are  kept  at  work,  the  fifth  serving  as  a reserve,  and  being  for  this  reason 
electrically  connected  in  such  a manner  that  it  can  replace  any  one  of  the 
others.  Each  dynamo  machine  h is  fixed  with  its  exciting  machine  a on  a 
framework,  by  means  of  which  the  continuous  driving  belts  can  be  stretched 
while  at  work,  an  arrangement  which  was  considered  expedient  for  the 
safety  of  the  installation. 

The  dynamo  machines  have  each  twelve  induction  coils  ; twelve  circuits 
are  taken  off  these,  and  are  arranged  parallel  to  supply  the  different  lamps. 
The  wires  are  led  to  a switch  board  fixed  on  the  stage,  from  whence  a larger 
or  smaller  number  of  coils  can  be  thrown  into  circuit,  and  the  intensity  of 
the  lamps  thereby  varied.  The  arrangement  in  the  auditorium,  where  128 
lamps  are  fixed,  admits  of  nine  different  grades  of  light,  while  for  the  stage, 
where  the  lights  are  divided,  are  seven  Hies  with  sixty  lamps  each,  see 
Figs.  370  and  371,  the  intensity  of  which  can  be  v^aried  in  twenty-one  different 
grades.  In  addition,  each  fly,  as  a whole,  can  be  varied  in  three  degrees  of 
light  intensity,  and  each  one  of  the  flies  is  fitted,  as  shown  in  Figs.  370  and 
371,  with  three  rows  of  coloured  lamps,  sixty  in  each  row,  so  as  to  enable  the 
effects  of  morning  or  evening,  or  bright  daylight,  to  be  produced  easily. 

The  dynamos  used  in  this  installation  are  alternate  current  machines 
of  Mr.  Zipernowsky’s  design ; these  have  been  very  generally  adoj)ted 
by  Messrs.  Ganz  and  Co.  for  incandescence  lighting,  since  they  maintain 
that  the  lam})s  last  much  longer  if  supplied  by  alternate  current  machines 
than  if  supplied  by  continuous  current  machines.  Experiments  showed 
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that  with  a continuous  current,  the  carbon  filaments  of  incandescence 
lamps  showed  signs  of  wear  at  the  point  where  the  positive  current  enters 
after  about  500  to  600  hours,  producing  a black  spot  on  the  globe,  see 
Fig.  369.  On  the  other  hand,  when  working  with  alternate  current 
machines,  the  lamps  burn  without  deterioration  for  1200  hours  and 
upwards,  after  which  time  they  begin  to  show  signs  of  wear  throughout 
the  carbon,  a slight  deposit  is  formed  on  the  globes,  the  carbon  becomes 
thinner,  the  resistance  greater,  and  the  light  less  intense. 


These  experiences  have  been  partly  gained  at  the  works,  partly  at  an 
installation  consisting  of  220  incandescence  lamps  at  the  Gisella  steam  mills 
at  Budapest,  and  also  at  another  smaller  installation  of  sixty-four  lamps  at 
the  flour  mills  of  Mr.  Stefan  Schwarz,  in  Erlau.  At  the  first-named  place, 
after  ninety-five  days’  working,  the  220  lamps  had  been  burning  for  980 
hours  each,  in  which  time  fifteen  had  failed,  while  six  more  had  been  acci- 
dentally broken.  At  the  latter  establishment  the  lamps  burned  from 
January  to  June,  1883,  almost  all  of  them  having  been  alight  for  over 
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1400  hours,  during  which  time,  according  to  the  manager’s  statement,  not 
one  lamp  had  been  destroyed.  These  results  are  very  strong  evidence  in 
favour  of  alternate  current  machines  for  incandescence  lighting,  since  the 
cost  for  light  is  reduced  almost  to  that  of  coal  and  lubricants. 

The  Zipernowsky  dynamo,  although  constructed  as  a self- exciting 
machine,  is  generally  fitted  with  a sepai’ate  exciter,  as  in  the  installation 
of  the  Budapest  Theatre,  see  Figs.  366  and  368,  where  a is  the  exciting 
machine,  and  h the  dynamo.  In  case  it  is  to  be  used  as  a self-exciting 
machine,  the  dynamo  is  fitted  with  a switch,  designed  by  Mr.  Deri,  of  the 
same  firm,  by  means  of  which  the  potential  difference  at  the  terminals  of 
this  machine  can  be  made  to  remain  constant  and  independent  of  the  number 
of  lamps  in  the  circuit ; when,  however,  a separate  exciting  machine  is  used, 
a rheostat  designed  by  Mr.  Zipernowsky  is  employed  to  gain  the  same  end. 

The  same  dynamo  machine  is  equally  suitable  for  arc  lamps.  At  the 
Electric  Exhibition  of  Trieste,  Messrs.  Ganz  and  Co.  illuminated  the  Csarda 
with  eight  lamps  so  successfully  that  the  Exhibition  Commissioners  gave 
an  order  for  lighting  the  whole  of  the  grounds  with  thirty-two  arc  lamps 
of  GOO-candle  power  each.  The  dynamos  supplying  this  installation  were 
placed  at  Lloyd’s  Arsenal,  a distance  of  ovei-  three  miles  from  the  Exliibition 
grounds,  which  distance  did  not,  however,  interfere  with  the  successful 
results  of  the  installation. 

The  most  brilliant  effects  in  connection  with  this  Exhibition  were, 
however,  produced  on  board  the  Lloyd  steamer  Berenice,  which,  on  the 
occasion  of  a visit  by  the  crowned  heads  of  Austria,  was  most  magnificently 
illuminated  by  Messrs.  Ganz  and  Co.,  with  sixty-two  incandescence  and 
four  arc  lamps.  Tlie  ship’s  deck  was  transformed  into  a ball  saloon, 
beautifully  adorned  and  artistically  and  most  successfully  lighted  ; this 
installation  brought  decorations  to  both  the  firm  and  Mr.  Zipernowsky  at 
the  Exhibition  in  Trieste.  The  arrangement  of  engine  and  dynamo  in  this 
installation  is  somewhat  interesting,  and  wo  give  in  Fig.  372  a general  illus- 
tration of  the  same.  A vertical  Gwynne  engine  is  coupled  direct  on  one 
side  to  the  dynamo  machine,  and  on  the  other  side  to  the  exciting  machine, 
which  latter  is  of  a larger  pattern  than  would  have  otherwise  been  necessary; 
but  since  the  speed,  750  revolutions,  could  not  well  be  increased  in  this 
arrangement,  a larger  machine  was  used.  The  current  supjdies  forty  incan- 
descence lamps  of  20-candle  power,  and  four  arc  lanq)s  of  600-candlo  power 
each.  The  exciting  machine  was  also  used  to  su})i)ly  a signal  light ; but 
during  a series  of  experiments  carried  out  with  this  installation,  the  current, 
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otherwise  employed  for  the  incandescence  lamps,  was  used  to  supply  a large 
signal  arc  lamp  of  8000-candle  power. 

So  successful  were  these  experiments  that  Messrs.  Ganz  and  Co. 
immediately  received  orders  for  several  installations  for  Lloyd’s  steamers, 
the  principal  one  of  which  was  that  on  board  the  Elektra.  Several  other 
successful  installations  carried  out  by  this  firm  deserve  mention  here,  one 
on  board  the  troopship  Custazza  with  130  incandescence  lamps,  which  has 
given  great  satisfaction,  and  one  for  street  illumination  in  Szegedin.  The 
main  street,  nearly  a mile  long,  leading  to  the  railway  station,  is  lighted 
by  20-candle  incandescence  lamps  placed  at  distances  of  130  ft.,  while  the 
place  in  front  of  the  station  is  lighted  by  four  arc  lamps.  This  was  the 
first  installation  for  street  lighting  in  Austria  in  which  the  two  systems 
of  lighting  were  adopted  side  by  side,  and  the  result  is  said  to  be  highly 
satisfactory. 


B B 


THE  OHERTEMPS-DANDEU  DYNAMO. 

TN  any  system  intended  for  private  or  domestic  electric  lighting,  some 
means  of  regulating  the  generative  power  of  the  machines  in  accordance 
with  the  requirements  of  the  users,  has  to  be  considered.  Without  efficient 
regulation  in  a circuit  of  arc  lamps,  the  extinction  of  one  or  two  is  usually 
followed  by  an  increased  brilliancy  in  the  remainder,  while  if  a large  pro- 
portion be  cut  out,  there  is  great  danger  of  burning  the  insulation  of  the 
generator.  With  incandescence  lamps,  arranged  in  })aralle]  arc,  the  same 
effect  is  produced,  except  that  it  is  usually  the  lamps  that  suffer  from  the 
increased  cuii'ent.  The  leading  manufacturei's  of  the  electric  light  apparatus 
have  each  had  their  own  method  of  dealing  with  this  difficulty.  IVlr.  Brush 
long  ago  devised  a plan  of  regulating  the  current,  by  means  of  a variable 
carbon  resistance,  arranged  as  a shunt  aci’oss  the  magnet  coils.  Tills  was 
subject  to  a pressure  obtained  by  passing  the  current  that  was  to  be  regu- 
lated, round  an  electro-magnet,  and  allowing  a jiortion  of  the  exciting  current, 
dependent  on  the  current  in  the  main  circuit,  to  run  to  waste.  ]\Ir.  Edison 
varies  the  productive  ]>ower  of  his  generators  by  modifying  the  resistance 
and  consequently  the  current  in  the  circuit  of  the  hekl  magnets.  This  is 
effected  by  an  attendant,  who,  using  a lain]),  and  a photometer  as  a measure 
of  the  difference  of  electric  potential  between  the  two  main  leads,  switches 
resistance  coils  in  and  out  of  the  niagnetisiiig  circuit,  as  re({uired.  Messrs. 
Siemens’  method  of  accomplishing  this  object  consisted  at  tir-st  in  making 
the  magnetising  coils  a shunt  to  the  main  leads,  and  in  so  projiortioning  the 
diameter  of  the  wire  and  the  number  of  convolutions,  that  the  electromotive 
force  of  the  current  was  sensibly  constant,  but  now  they,  and  indeed  jii-ac- 
tically  all  other  manufacturers,  have  adojited  compound  winding,  that  is  the 
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use  of  two  sets  of  magnetising  coils,  one  set  in  the  main  circuit,  as  in  a 
“ series  ” machine,  and  the  other  set  arranged  as  a shunt  to  the  main  circuit. 
The  Swan  Company  have  often  used  the  Siemens  alternate  current  machine 
in  their  larger  installations  of  incandescence  lights,  as  have  also  Messrs. 
Siemens  Brothers  themselves.  This  is  a separately  excited  machine,  and 
consequently  if  its  internal  resistance  be  small,  as  compared  with  the  com- 
bined resistance  of  all  the  lamps  and  leads,  the  dift'erence  of  potential  at  its 


Fig.  373. 


terminals  is  pretty  constant,  and  it  wdll  permit  of  a considerable  proportion 
of  the  lamps  being  extinguished  without  unduly  increasing  the  current 
supplied  to  the  others. 


The  dynamo  of  MM.  Chertemps  and  Bandeu,  is  designed  with  the  in- 
tention of  its  being  employed  to  feed  arc  lamps  arranged  in  series,  or  incan- 
descence lamps  in  parallel  arc,  the  number  of  such  lamps  being  capable  of 
variation  from  the  full  number,  corresponding  to  the  maximum  power  of  the 
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machine,  down  to  one,  without  any  appreciable  change  in  the  illuminative 
power  of  each  lamp.  This  is  effected  without  any  mechanical  operation,  the 
intensity  or  the  electromotive  force  of  the  current  automatically  changing 
at  each  alteiution  in  the  circuit  without  any  attention,  and  without  any 
variation  in  the  speed  of  rotation. 

Referring  to  the  illustrations.  Figs.  373,  374,  and  375,  which  show  the 
machine  in  side  and  end  elevation  and  also  in  perspective,  it  will  be  seen 
that  it  belongs  to  that  class  in  which  the  armature  bobbins  are  stationary^ 
while  the  field  magnets  revolve.  The  former  are  fixed  in  a wooden  frame 
erected  on  the  middle  of  the  base-plate.  Lengthways  of  the  machine,  and 
passing  through  the  centre  of  the  armature  frame,  is  a shaft  having  mounted 
upon  it  two  metal  discs,  to  each  of  which  a set  of  field  magnets,  equal  in 
number  to  the  armature  bobbins,  is  affixed.  These  magnets,  as  is  usual 
in  alternate  current  machines,  are  alternately  north  and  south  at  their  free 
ends,  and  each  pole  of  one  set  is  opj)Osite  to  a contrary  pole  of  the  other  set. 
The  terminal  wires  of  each  of  the  armature  bobbins  are  carried  u})  to  a 
grouping  table,  and  attached  to  separate  binding  screws.  This  permits  of 
them  being  joined  up  in  series  or  parallel,  or  divided  into  independent 
circuits  as  may  be  desired,  even  without  stopping  the  machine.  One  of  the 
armature  bobbins  is  appi'opriated  to  the  work  of  exciting  the  field  magnets, 
its  current  being  led  first  to  a commutator,  by  which  it  is  transformed  into  a 
continuous  current,  and  then  round  all  the  magnet  coils,  the  whole  forming 
a closed  circuit.  The  commutator  is  so  constructed  that  one  section  does 
not  leave  the  brush  before  the  next  section  is  in  contact  with  it.  It  may 
be  described  as  composed  of  two  hollow  cylinders,  each  with  a closed  end, 
their  peripheries  being  cut  away  so  as  to  permit  of  them  interlocking  to 
the  full  length  of  the  cylinders.  There  are  as  many  interlocking  parts 
as  there  are  magnets  in  each  field,  and  each  part  is  cut  into  steps,  as  shown, 
so  that  at  the  junction,  the  collecting  brush  can  bear  upon  both  segments,  and 
thus  short-circuit  the  excitiim  bobbin  at  the  moment  when  the  field  magnets 
are  passing  the  spaces  between  the  armature  bobbins.  It  will  thus  be  seen 
that  there  are  usually  two  circuits  on  the  machine,  one  consisting  of  all  the 
armature  coils  (except  one)  and  the  external  or  lam})  circuit,  and  the  other 
of  the  single  remaining  armature  coil  and  the  field  magnets.  Two  of  tliese 
machines,  a small  and  medium-sized  one,  have  been  tested  l>y  Mr.  Robert 
Sabine.  As  regards  the  small  one,  he  re|)orts  that  it  was  em})loyed  to  feed 
eight  Jablochkoff  candles,  which  were  added  to  the  circuit  two  by  two,  and 
that  with  two,  four,  six,  and  eight  lani})S  res})ectively,  the  })ower  ex})cnded 
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was  1.28,  2.27,  3. GO,  and  4.25  horse-power,  tlie  speed  of  rotation  remaining 
constant.  The  medium  machine  was  tested  both  with  incandescence  and 
arc  lights.  In  the  latter  experiment  ten  Jablochkoff  candles  were  employed, 
which  were  added  to  the  circuit  two  at  a time.  Annexed,  in  a tabular  form, 
are  the  results  obtained  by  Mr.  Sabine  in  the  latter  trial ; they  are  very 
curious,  and  afford  a clue  to  the  action  of  the  machine.  It  will  be  noticed 
that  the  current  slightly  increased  as  candles  were  added  to  the  circuit, 
being  5 amperes  with  two  candles  and  5.5  with  ten.  At  the  same  time  the 
electromotive  force  of  the  current  went  up  by  leaps,  the  difference  of 


CiiERTEMP.s’  (Medium  Sized)  Dynamo  Machine  tested  with  .Jablochkoff 
Candles  connected  in  Series. 


Number  of  lamps  in  circuit=K= 

10 

8 

6 

4 

2 

I.  Main  Circiiif. 

Current  in  amperes=c=  ... 

5.5 

5.5 

5.3 

5.0 

5.0 

Internal  resistance  in  ohms=r= 

7. .3 

7.3 

7.3 

7.3 

7.3 

Horse-power  accounted  for  internally=kJ!.=  w=  ... 

74G 

0.30 

0..30 

0.27 

0.24 

0.24 

External  potential,  difference  of  volts,  volts =E=  

430 

344 

258 

168 

88 

1 Horse-power  accounted  for  in  lamps  = — —v\  = 
I /4o 

1 

3.16 

2.53 

1.93 

1.15 

0.60 

II.  Magrutising  {Field)  Circuit. 

1 Current  (amperes)  = Cj 

5.4 

5.0 

4.6 

4.1 

3.7 

Resistance  of  wire  (ohms)  = r. 

7.4 

7.4 

7.4 

7.4 

7.4 

Horse-power  accounted  for  in  field  circuit  ^mLx  — Wo  = 
^ 746 

0.29 

0.25 

0.21 

0.17 

0.14 

Speed  of  dynamo  ... 

1242 

1230 

1236 

1260 

1218 

Pull  on  dynamometer  in  kilogs.=I' 

42 

36 

32 

28 

24 

Speed  of  dynamometer,  revolutions  per  minute=.s  ... 

665 

666 

678 

676 

678 

' Indicated  horse-power=.3. 21  X 10— ■*  s (!' — 19)=w 

4.9 

3.7 

.3.0 

2.0 

1.2 

Horse-power  accounted  for  electrically=it)-t-?«iH-iC2= 

3.75 

3.08 

2.41 

1..56 

0.98 

Proportion  of  horse-power  electrically  accounted  for= 

0.77 

0.83 

0.81 

0.78 

0.81 

Proportion  accounted  for  in  lamps = 

0.64 

0.68 

0.64 

0.57 

0..50 

Horizontal  front  candle  power  of  one  lamp*  ... 

289 

334 

.321 

.308 

279 

1 

* The  carbons  used  in  these  measurements  were  apparently  of  inferior  quality. 


potential  at  the  machine  terminals  increasing,  on  an  average,  85  volts 
as  each  pair  of  candles  was  added,  and  the  pull  on  the  dynamometer,  situated 
between  the  engine  and  the  generator,  experiencing  a corresponding  change. 
The  exciting  or  field  magnet  current,  which  we  have  seen  circulates  in  an 
independent  circuit,  responded  to  the  introduction  of  each  additional  pair 
of  lamps,  increasing  .4  of  an  ampere  each  time,  and  representing,  with  ten 
candles,  rather  more  than  twice  the  power  that  it  did  when  there  were 
only  two. 
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The  figures  show  that  the  general  performance  of  the  machine  was 
good,  as  it  maintained  ten  Jablochkoff  candles,  having  an  average  lighting 
power  each  of  310  candles,  with  an  expenditure  of  4.9  actual  horse-power. 
The  machine  itself  is  small  and  compact,  and  is  one  that  presents  no  diffi- 
culties in  construction. 

The  theory  of  the  self-regulating  action  is  thus  explained  by  the  in- 
ventors : 

When  the  field  magnets  are  in  motion,  each  magnet,  as  it  approaches 
one  of  the  bobbins  of  the  armature,  exercises  an  inductive  action  on  the 
core  of  the  latter,  inducing  in  its  corresponding  extremity  a polarity 
opposite  to  its  own,  and  generating  a current  within  its  convolutions.  The 
direction  of  this  current  is  such  that  it  reduces  the  polarity  of  the  core,  and 
thus  the  magnetic  intensity  of  the  interior  soft  iron  is  the  resultant  of  the 
two  opposing  actions  of  the  armature  coil  and  of  the  field  magnet.  At 
the  same  time  the  polarity  of  the  core  has  an  influence  upon  the  polarity  of 
the  field  magnets,  and  in  this  way  affects  the  exciting  current  in  a marked 
degree.  To  make  this  plain,  let  us  trace  the  action  of  one  of  the  field 
magnets,  indued  with,  say,  north  polarity  at  its  free  end,  upon  one  of  the 
armature  coils,  when  the  external  circuit  is  open,  that  is,  when  it  has  an 
infinite  resistance.  As  the  magnet  approaches  the  end  of  the  bobbin  core, 
it  induces  a south  pole  in  it,  and  the  two  are  mutually  attracted.  As  it 
leaves  the  core  the  attraction  is  still  continued,  but  is  exerted  in  the  o})posite 
direction,  as  regards  the  driving  power.  Thus  when  the  field  magnet  j)asses 
the  core  there  is  no  action  upon  it  exce]»t  such  as  would  be  produced  by  the 
presentation  and  withdrawal  of  a })iece  of  soft  iron  from  its  })ole.  But,  now 
suppose  the  external  circuit  be  com})leted  by  the  introduction  of  ten  arc 
lamps  in  series.  As  the  magnet  approaches  the  coi-e  not  oidy  does  the  latter 
become  magnetised,  but  a current  is  generated  in  its  surrounding  coils  that 
opposes  the  increase  of  its  polarity,  consequently  it  no  longer  behaves  like  a 
piece  of  soft  iron,  but  rather  as  a weak  permanent  magnet  that  must  have 
its  natural  polarity  reversed  by  the  induction  of  the  field  magnet  before  it 
will  fulfil  its  office.  But  this  reversal  distorts  the  lines  of  force  around 
which  the  magnet  coils  are  grouped,  and  in  so  doing  sets  up  an  opposing 
electromotive  force,  within  the  convolutions,  that  reduces  the  exciting  cuiTcnt, 
and  consequently  the  intensity  of  the  magnetic  field.  This  reacts  upon  the 
exciting  bobbin,  and  the  magnetising  cui-rent  is  furthei'  reduced,  resulting  in 
a decrease  of  current  or  of  electromotive  force  in  the  external  circuit.  If 
the  resistance  of  the  circuit  be  again  decreased  by  shoi  t-circuiting  one  of  the 
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lamps  there  will  be  a momentary  increase  of  current,  but  this  will  further 
oppose  the  magnetisation  of  the  cores,  and  will  again  affect  the  diminution 
of  the  intensity  of  the  magnetic  field.  The  process  may  be  continued  until 
the  machine  is  short-circuited,  when,  if  it  be  properly  proportioned,  the 
influences  of  the  armature  and  field  magnets  will  be  almost  equal,  and 
the  exciting  current  will  nearly  disappear. 


BALL’S  UNIPOLAR  DYNAMO. 


HIS  machine  is  the  invention  of  Mr.  C.  E.  Ball,  of  Philadelphia,  and 


is  illustrated  by  Figs.  376  and  377  ; the  large  perspective  view  (Fig.  378) 
shows  a later  form  of  generator,  designed  to  burn  fifteen  lights,  but  the 
difference  between  the  two  is  merely  constructive,  both  acting  in  precisely 
the  same  way.  Referring  to  the  larger  view,  it  will  be  seen  that  the 
machine  resembles  two  dynamos  of  the  Pacinotti  type  placed  end  to  end, 
each  armature  being  partly  surrounded  by  one  pole-piece  only,  instead  of 
two,  as  is  usual.  The  magnets  are  rectangular  bars  carrying  bobbins 
wound  with  insulated  wire  in  such  a way  as  to  produce  consequent  poles, 
at  a distance  of  about  one-third  their  length  from  one  end.  Thus  the  pole- 
piece  on  the  upper  magnets  is,  say,  of  north  polarity,  and  that  on  the  lower 
magnets  of  south  polarity,  and  each  influences  one  armature  only.  In  the 
smaller  machine  the  two  parallel  bars  C constitute  the  cores  of  the  field 
magnets,  and  for  constructive  i-easons  are  left  naked  opposite  the  arma- 
tures, whether  intended  to  receive  a pole-piece  or  not.  The  direction  of 
the  current  is  shown  on  the  drawing ; leaving  the  commutator  F it  })asses 
in  succession  through  the  left-hand  coil  and  the  middle  coil  of  the  bar  e, 
thi‘ough  the  coil  c^,  thi'ough  the  external  circuit,  through  the  coils  c^,  c\  c^, 
to  the  brush  F\  and  armature  D^,  and  by  the  brush  F through  the  arma- 
ture This  arrangement  may  be  modified  in  various  ways  ; for  instance^ 

both  the  pole-pieces  may  be  of  the  same  ]>olarity,  and  the  armatures  may 
rotate  in  the  same  or  opposite  directions. 

When  the  dynamo  was  bTOUght  here  from  Philadelphia  it  was  placed 
in  the  hands  of  Mr.  Robert  Sabine,  wlio  made  a number  of  dynamometrical, 
photometrical,  and  electrical  tests,  of  which  the  following  ai'e  the  main 
T'esults  : 


Ball’s  Unipolar  Dynamo  ; Sabine’s  Tests. 


377 


CiUTeut  in  circuit 

])ifferci)c(i  of  potential  Ix'tween  terminals 
Resistance  of  dynamo  ... 

Speed  of  dynamo 

„ dynamometer... 

Indicated  pull  on  dynamometer,  less  pull  when  circuit 
was  open  ... 


15  amperes. 

195  volts. 

4.5  ohms. 

1650  to  1715  rev.  per  min. 

.“132  rev.  per  min. 


52  kilos. 


From  these  values  it  follows  that  the  useful  work  im])arted  to  the 
dynamo,  above  that  absorbed  by  the  friction  of  the  spindle,  was  5.68  horse- 
power ; and  the  work  electrically  accounted  for  in  the  outside  circuit  was 
3.92  horse-power,  and  in  the  inner  circuit  1.35  horse-power.  The  pro- 
})ortion  accounted  for  electrically  was,  therefore. 


of  which 

3 92 

= 0.69. 

5.68 

was  found  in  the  lamp  circuit.  Photometric  measurements  were  made 
with  one  of  the  lamps,  placed  apart  from  the  others  in  a dark  recess,  the 
light  of  the  five  remaining  lamps  not  being  measured.  The  following  mean 
results  were  obtained  during  the  observations  : 

Current  in  lamps  ...  ...  ...  ...  ...  13.9  amperes. 

Potential  difference  ...  ...  ...  ...  ...  40.1  volts. 

Horse-power  accounted  for  in  lamp  ...  ...  ...  0.75  HP. 

The  illuminating  effects  were  as  follows  : 


Position  of  Arc  with 
regard  to 
Photometer. 

Illuminating  Power. 

Standard  Candles. 

Candles  per  Horse-Power 
accounted  for  in  Lamp. 

22  deg  below 

602 

802 

11 

626 

835 

Horizontal 

887 

1183 

11  deg.  above 

1213 

1617 

•'>2 

,, 

1831 

2441 

31  „ 

1859 

2479 

35  „ 

1690 

2253 

The  dynamo  machine  upon  which  the  test  was  made  had  two  armatures, 
each  8 in.  in  diameter,  rotating  in  opposite  directions,  and  each  wound  with 
about  19  lb.  of  No.  14  (American  gauge)  copper  wire.  The  field  magnet 
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coils  consisted  of  130  lb.  of  No.  8 wii’e,  the  total  weight  of  copper  on  the 
machine  being  1G8  lb.,  which,  divided  into  the  number  of  volt-amperes,  gives 
1/.4  watts  per  pound  of  coj)per.  In  later  machines  much  better  results 
have  been  obtained,  the  most  recent  form,  desio'iied  for  five  licchts  havino’ 
l)ut  88  lb.  of  copper  in  it,  and  weighing*  only  350  lb.  The  fifteen-light 
machine  has  two  armatures  12  in.  in  diameter,  wound  with  3000  ft.  of  No.  14 
gauge  copper  wire,  weighing  80  11).  The  six  magnet  bars,  each  2 in.  by  2 in. 
in  Cl  OSS  section,  are  wound  with  4444  ft.  of  No.  8 wire  wemhmo’  200  5 lb 


Fig.  376. 


Fig.  378. 

The  total  weight  of  the  machine  is  997.5  lb.,  or  6(5  lb.  jier  lain]),  and  its 
internal  resi.stance  about  7 ohms.  It  is  difficult  to  see  what  advantage  can 
be  gained  by  the  use  of  one  ])ole-])iece  in  ])lace  of  two,  as  the  magnetic  field 
must  necessarily  be  weaker,  but  the  experiments  showed  that  it  is  not 
attended  by  any  loss,  and  that  when  accompanied  by  a high  sjieed  of 
rotation  it  does  not  necessitate  the  use  of  sjiccially  large  machines. 
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Since  the  oxperiinents  above  referred  to  were  carried  out,  a new  series 
of  tests  have  been  conducted  by  Messrs.  Alabaster,  Gatehouse,  and  Co., 
which  confirm,  and,  indeed,  sensibly  exceed  the  results  first  obtained,  as 
will  be  seen  from  the  following  extracts  from  the  later  report. 

“ The  machine  tested  was  nominally  adapted  for  supplying  ten  arc 
lamps.  It  was,  however,  capable  of  actuating  a larger  number.  The 
potential  difference  of  the  machine  between  terminals  was  measured  by  the 
condenser  method,  a Clark’s  standard  cell  being  employed  for  comparisons 
of  electromotive  forces.  Two  Siemens’  electro-dynamometers,  one  of  these 
being  supplied  by  us,  indicated  the  current  strength,  each  instrument  giving 
identically  the  same  readings.  The  external  resistances,  and  that  of  the 
machine,  were  measured  immediately  after  each  test.  Horse-power  measure- 
ments were  taken  by  means  of  a Morin  transmission  dynamometer,  and  a 
Prony  brake.  Countenshafting  was  placed  between  the  dynamometer  and 
the  dynamo,  the  former  being  so  arranged  as  to  run  at  about  the  same 
number  of  revolutions  per  minute  for  varying  speeds  of  the  dynamo,  this 
being  accomplished  by  using  pulleys  of  different  diameter  on  the  latter. 
The  Prony  brake,  which  was  balanced,  gave  admirable  readings,  there  being 
but  a difference  of  two  ounces  in  the  weight  applied  at  the  end  of  the  lever 
in  three  distinct  measurements. 

“ The  results  obtained  by  us  are  tabulated  as  follows  : 


Table  of  Tests.  Double  Armature,  Ball  “Unipolar”  Dynamo. 
Date,  April  29,  1884. 


Date.  j 

1 Number  of  Test. 

< 

.s 

a 

0) 

b. 

6 

Resi.stance  in 
Onus. 

Electrical 

Work. 

Mechanical 

Work. 

O 

0) 

B 

o 

B 

CS 

C 

>> 

Q 

o 

c 

o 

3 

p 

CC 

Morin 

Dyna.mo.meter. 

Pbrcentage  of 
EkFICIEN’CY. 

Revolutions  of  Dynamo. 

External  K — r. 

Dynamo  (warm)  r. 

Total  R. 

cj 

Ss 

C2  R. 

Horse-Power,  External. 

1 Horse-Power,  Internal. 

Horse-Power,  Total. 

Pron3 

.£ 

r Bk. 

u 

p 

*3 

Ui  01 
0>  ^ 

Horse- Power  absorbed. 

Pull,  Machine  loaded, 
kilog. 

Pull,  Machine  empty, 
kilog. 

Horse-Power,  calculated 

Conversion. 

Appearing  in  External 
Circuit. 

Commercial  calculated 
from  absorbed  HP. 

Commercial. 

i 

1 1884. 

Ap.25 

A 

8.07 

56.0 

17.15 

73.15 

4764 

4.888 

1.497 

6.385 

378 

69 

14 

6.83 

93.5 

76.5 

71.5 

63.3 

1290 

Ap.25 

B 8.07 

68.8 

16.93 

85.73 

5583 

6.00 

1.479 

7.479 

365 

89 

20 

8.28 

90.3 

80.3 

72.4 

1620 

Ap.26 

A* 

8.07 

59.33 

17.12 

76.45 

4980 

5.179 

1.494 

6.674 

13.94 

2.0 

6.9 

384 

75 

18 

7.16 

93.2 

77.6 

72.3 

67.3 

1300 

i 

1 

Prony  Brake 

96.7 

75.0 

70.0 

“ Observations. — Test  A*  is  nearly  a reproduction  of  test  A,  and  to  it 
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was  applied  the  Prony  brake ; in  three  separate  measurements  at  varying 
intervals  the  weights  a})plied  at  the  end  of  the  lever  were  13  lb.  15  oz., 
13  lb.  14  oz.,  and  14  lb.  respectively.  The  formula  is 

n X Li  X X 
5252 

where  w is  the  number  of  revolutions  per  minute,  L the  length  of  lever, 
and  X the  weight.  The  formula  for  the  Morin  transmission  dynamometer  is 

1.5  X k X s 
"6b  X 76.04 

where  s is  the  speed,  and  h the  indicated  pull  in  kilos,  on  the  dynamo- 
meter less  the  pull  when  the  circuit  is  open.  When  the  Prony  brake  was 
employed  to  measure  the  absorbed  horse-power,  the  Morin  instrument 
was  used  as  an  indicator.  Thus  when  electrical  work  was  being  ])roduced 
with  the  machine  running  at  1300  revolutions,  the  Morin  indicated  75  K, 
this  pull  was  then  reproduced  in  the  Prony  brake  test  with  the  machine 
revolving  at  the  same  speed. 

“ The  commercial  efficiency  of  the  machine  is  calculated  both  from  the 
absorbed  horse-power  above,  and  with  the  addition  of  the  horse-power 
which  the  machine  requires  to  run  at  1300  revolutions  unloaded  = 0.54  HP. 
Test  B,  at  a higher  speed,  was  taken  at  the  suggestion  of  Mr.  Ball. 

“ In  test  A*  the  Prony  brake  was  resting  by  its  own  weight  upon  one 
of  the  pulleys  of  the  dynamo  when  doing  electrical  work,  and  also  when 
running  em})ty.  The  external  circuit  was  in  each  case  made  up  of  a wire 
resistance. 

It  will  be  seen  that  the  data  obtained  by  us  agree  very  nearly  with  the 
March  figures  taken  by  Mr.  Bobert  Sabine  on  one  of  your  machines  as  long 
ago  as  1883  ; an  improvement,  however,  being  observable  in  the  latter  form 
of  machine.  It  would  ap})oar  to  be  more  economical  to  run  this  machine  at 
the  higher  speed  from  an  electrical  point  of  view  ; for,  although  the  per- 
centage of  conversion  is  somewhat  lower,  a larger  percentage  of  energy  is 
accounted  for  in  the  external  circuit.  Prom  what  we  can  gather  con- 
cerning its  mechanical  construction  it  appears  to  be  a remarkably  chea]) 
dynamo  to  build  up,  at  the  same  time  its  constituent  }>arts  are  very  unlikely 
to  get  out  of  order.  The  double  commutator  may  be  considered,  from  the 
contractors’  point  of  view,  as  a disadvantage,  but  electrically  it  is  decidedly 
advantageous.  By  s})reading  a given  amount  of  wire  over  two  armatures, 
as  in  your  machine,  double  the  cooling  surface  is  ])rovidcd,  and  the  ])ole- 
])ieces  of  the  field  magnets  thereby  brought  much  nearer  to  the  armature 
core.” 


MATTHEWS’  MULTIPOLAR  DYNAMO. 


HE  dynamo  machines  invented  and  manufactured  by  Mr.  Matthews  are 


of  the  multipolar  type,  in  which  a disc  armature  revolves  between  two 
sets  of  electro-maffnets,  arrano^ed  each  in  a circle,  as  will  be  seen  on  reference 
to  the  perspective  view  Fig.  379,  which  represents  an  electric  generator  and 
a Matthews  three-cylinder  engine  mounted  on  one  bed-plate.  The  general 
desiirn  of  the  machine  follows  that  of  the  Ferranti  or  the  Siemens  alternate 

o 

current  generator,  the  features  of  novelty  being  confined  to  the  armature. 
In  its  simplest  form  this  armature,  as  designed  for  small  alternate  current 
machines,  consists  of  a number  of  radial  bars  attached  to  a disc,  and  con- 
nected in  pairs  alternately  at  the  top  and  bottom.  Thus  each  set  of  bars 
represents  a zig-zag  bent  into  a circle.  Two  zig-zags  are  combined  in  such 
a way  that  their  radial  bars  and  their  outer  connecting  bars  lie  in  the  same 
plane,  as  shown  in  Fig.  380,  where  B C B D B is  one  zig-zag,  and  B^  B^ 
the  other.  The  alternate  sinuosities  of  the  ziz-zags  are  of  difterent  sizes,  so 
that  when  the  two  are  placed  together  they  will  lie  alternately  within  each 
other.  As  the  bars  cross  the  bars  B B,  it  is  evident  that  they  cannot 
lie  in  the  same  plane,  and  consequently  the  bars  B^  are  bent,  near  their  inner 
ends,  to  cause  them  to  clear.  Two  arrangements  for  this  purpose  are  shown 
in  Fig.  381,  while  in  Fig.  383  the  bars  are  thinned  down  so  as  to  half-lap. 
Several  pairs  of  ziz-zags  may  be  mounted  upon  the  same  disc  (Fig.  381).  If 
a high  electromotive  force  be  required,  the  end  of  one  zig-zag  is  coupled  to 
the  next  in  which  the  current  circulates  in  a corre.sponding  direction  ; the 
course  of  the  current  is  shown  by  the  arrows  in  Fig.  380- 

In  small  machines  the  conductors  are  staui})ed  complete  out  of  sheet 
copper,  and  in  large  machines  they  are  made  of  square  or  rectangular  copper 
bars  (Figs.  388  and  390),  the  inner  connecting  parts  D being  bent  into 
the  forms  shown  in  Figs.  387  and  389.  The  current  is  led  to  the  commutator 
or  contact  rings  P P by  wires  o o.  For  a 1000-light  dynamo  the  armature 
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is  made  of  copper  bars  of  s(piare  section  ^ in.  by  ^ in.,  after  the  design  of 

Fig.  390. 

Instead  of  the  zig-zags,  independent  frames  may  be  used,  corresponding 
to  the  bobl)ins  of  wire  usually  employed.  These  are  showm  at  Fig.  392  ; the 
current  tlovvs  up  the  thick  central  member,  divides  right  and  left  along 
the  circumferential  poition,  and  descends  by  the  two  extreme  bars.  These 
frames  are  coupled  together  by  connections,  shown  in  the  figure  by  thin 


Fig.  379. 


lines,  so  as  to  gain  the  re<iuisite  electromotive  force,  the  thick  bars  being 
joined  successively  to  the  thin  ones. 

Another  variety  of  the  Matthews  machine  has  the  radial  bars  or  strips, 
not  in  the  same,  Init  in  })arallel,  })lanes  (Figs.  384  Jind  385),  the  bars  being- 
wound  or  built  upon  a core  I,  so  as  to  constitute  a kind  of  irregular  coarsely 
pitched  thread,  the  nund)er  of  internal  enclosures  in  one  convolution  being- 
equal  to  the  nundier  of  like  magnetic  fields.  After  one  coil  has  been  wound 
on,  as  shown  to  the  right  of  Fig.  385,  another  and  another  is  added  until  the 
core  is  covered,  as  shown  to  the  left  of  the  figure.  The  ends  d d are  coupled 
together,  according  to  the  nature  of  the  current  recpiired.  When  a large 
electromotive  force  is  desired  other  layers  of  bars  may  be  laid  over  the  first. 
In  some  cases  for  altm-nating  currents  the  coils  are  wound  in  such  a manner 
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round  tlie  coro  that  the  I'aJial  })arts  of  two  contiguous  coils  are  opposite  to 
each  other,  one  on  each  side  of  the  core,  the  circumferential  parts  being 
necessarily  alternating,  and  lying  in  a diagonal  direction. 

For  continuous  currrent  machines  with  armatures  of  the  kind  described 
with  reference  to  Fig.  380,  where  the  number  of  part  coils  is  equal  to  the 
number  of  alternating  fields,  or  equal  to  twice  the  number  of  the  same  polar 
fields,  the  discs  are  placed  in  advance  of  each  other  as  in  Fig.  393,  so  that  the 
pairs  of  part  coils  or  zig-zags  are  not  at  their  maximum  induction  at  the  same 
time.  For  continuous  currents  with  armatures  having  but  one  set  of  bars, 
the  number  of  spaces  are  arranged  to  be  less  or  greater  by  any  even  number 


Fig.  384.  Fig.  385. 


than  twice  the  number  of  like  polar  fields,  as  in  Fig.  394,  where  the  like  fields, 
represented  by  the  dotted  circles,  are  nine  in  number,  and  the  spaces  and  part 
coils  are  sixteen.  The  inner  parts  of  the  coils  are  coupled  up  and 

connected  to  a commutator  k which  is  made  up  of  144  bars,  each  of  the  ter- 
minals being  coupled  to  nine  bars  of  the  commutator  spaced  at  equal 
intervals,  two  such  connections  being  shown  by  the  rings  M M\  which  have 
nine  branches  k leading  to  the  bars  of  the  commutator,  so  that  when  all  the 
connections  are  made  there  will  be  144  bars.  By  this  arrangement  only  one 
pair  of  brushes  are  required,  instead  of  one  pair  to  each  pair  of  magnets,  as 
is  usual  in  multipolar  direct  current  machines. 


THE  HOPKINSON  - MUIRHEAD  DYNAMO. 


rpHE  continuous  current  and  the  alternating  current  generators  invented 
by  Dr.  J.  Hopkinson  and  Dr.  Alexander  Muirhead,  are  peculiarly 
interesting  as  being  probably  the  first  in  which  the  bobbins  of  the  armature 
were  wound  with  copper  ribbon  and  arranged  on  a disc  armature,  much  in 
the  same  way  as  was  afterwards  done  by  Sir  William  Thomson  and  by  Mr. 
Ferranti.  In  the  Muirhead-Hopkinson  machine  the  armature  coils  are 
attached  to  a soft  iron  ring,  whereas  in  the  Ferranti  the  iron  core  is 
dispensed  with,  and  a gain  of  lightness  in  the  armature  or  rotating  part 
is  thus  effected.  The  general  form  of  this  generator  is  clearly  shown  by  the 
side  and  end  elevations,  Figs.  395  and  396- 

The  armature  is  made  by  taking  a pulley  and  encircling  it  with  a rim 
of  sheet-iron  bands,  each  insulated  from  the  other  by  asbestos  paper.  On 
one  or  both  sides  of  the  rim  thus  formed,  radial  slots  are  cut  to  admit  radial 
coils  of  insulated  copper  wire  or  ribbon,  so  that  they  lie  in  planes  parallel  to 
the  plane  of  the  pulley.  In  the  continuous  current  machine  coils  are  placed 
on  both  sides  of  the  iron  rim  and  arranged  alternately,  that  on  the  one  side 
always  covering  the  gap  between  two  on  the  other  side.  In  this  way, 
when  a coil  on  one  side  of  the  rim  is  at  its  “ dead  })oint  ” and  yields  its 
minimum  of  current,  the  corresponding  coil  on  the  other  side  is  giving  out 
its  maximum. 

The  field  magnets  are  made  in  a similar  manner  to  the  armature,  and 
run  in  circles  parallel  to  the  rim  of  the  latter.  The  cores  may  be  built  of 
wrought  iron,  as  the  rim  of  the  armature  is  ; but  it  is  found  cheaper  to  make 
them  of  solid  wrought  or  cast  iron.  To  stoji  the  local  induced  currents  in 
the  core,  however,  grooves  are  cut  in  the  faces  of  the  iron  cores,  and  filled 
up  with  sheet-iron  strips  insulated  from  each  other,  similar  to  the  sheet-iron 
riim  of  the  armature. 

O 
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The  coils,  both  in  the  armature  and  electrcninagnets,  are  packed  as 
closely  as  possible  to  each  other,  and  have  thus  a compressed  or  quadri- 
lateral shape.  The  arrangement  is  shown  in  Figs.  397  and  398,  which 
represent,  in  side  view  and  plan,  the  armature  pulley  with  the  soft  iron  rim 
and  coils  attached.  In  them  a is  the  pulley,  Avhich  is  keyed  to  the  shaft  of 
the  machine,  and  is  encircled  with  bands  of  sheet  iron  h,  insulated  from  each 
other  by  ribbons  of  asbestos  paper  laid  between  every  two  bands.  When 
the  rim  has  been  built  up  in  this  way,  radial  holes  are  drilled  through  it  from 
the  outer  edge  inwards,  and  the  whole  rim  is  bound  together  by  bolts  d 
inserted  in  the  holes  and  secured  by  cotters  e.  Radial  slots  are  then  cut  on 
each  side  of  the  rim  all  round,  and  the  coils  of  wire  mounted  in  them. 


Figs.  397  and  398  show  the  armature  of  the  continuous  current  dynamo, 
with  the  coils  on  one  side  of  the  rim,  half  way  between  the  colls  on  the 
other  side,  so  as  to  give  a more  continuous  current.  In  the  alternating 
current  machine  the  slots  on  the  opposite  faces  are  face  to  face. 

Figs.  399  and  402  illustrate  the  complete  continuous  current  machine, 
the  latter  showing  the  internal  arrangement  of  the  field  magnets,  and  Fig.  399 
the  external  frame  of  cast  iron  supporting  them.  In  these  hgures  a is 
the  armature  already  described,  h h are  the  cores  of  the  electro-magnets 
with  a strong  cast-iron  backing  c c\  d d are  the  exciting  coils  or  field 
magnets,  so  connected  that  the  poles  presented  to  the  armature  are 
alternately  north  and  south,  thus  bringing  a south  pole  on  one  side  of  the 
armature  opposite  a north  pole  on  the  other  side. 
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Tlie  commutator  e is  arranged  to  prevent  sparking  when  the  brushes 
leave  a contact  j)iece.  This  is  done  by  splitting  up  the  brushes  into  several 
parts,  and  inserting  resistances  between  the  part  which  leaves  the  contact 
piece  last  and  the  rest  of  the  circuit.  This  resistance  checks  the  current 
ere  the  hnal  rupture  of  contact  takes  place. 

Fig.  397. 


Fig.  396. 


Fig.  398. 


bigs.  400  and  401  will  ex])lain  the  .structure  of  the  commutator.  Hei'e 
a a <(  are  the  segment  or  contact  pieces  insulated  from  eacli  other,  and  h J> 
are  the  collecting  bi'ushes  carried  on  a spindle  c c.  One  of  these  brushes 
is  connected  to  the  spindle  c through  an  electrical  resistance  of  ])lumbago, 
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arraTii^ed  as  sliown  in  Fig.  401,  where  d e are  metal  cylinders,  d being  in 
contact  with  the  brush  F,  while  e is  in  contact  with  the  spindle  c.  The 
s])ace  f between  these  two  cylinders  d e is  filled  with  a mixture  of  plumbago 
and  lampblack  of  suitable  resistance,  confined  at  the  ends  by  ivory  discs. 
The  brusli  is  adjusted,  by  bending,  till  it  remains  in  contact  with  any 
segment  of  the  commutator  for  a short  time  after  the  other  brushes  have 
left  contact  with  that  segment,  and  thus  instead  of  sudden  break  of  circuit 
and  consequent  sparking,  a resistance  is  introduced,  and  contact  is  not 
broken  until  the  current  has  been  considerably  reduced. 

The  contact  segments  are  supported  at  both  ends  by  solid  insulating 
discs ; but  they  are  insulated  from  each  other  in  the  central  portions  by 
the  air  spaces  between  them. 


Fig.  402. 


B 

Fig.  403. 


The  alternating  current  dynamo  of  Drs.  Hopkinson  and  Muirhead 
differs  little  in  general  construction  from  that  we  have  described  : except 
that  the  commutator  is  very  much  simplified,  and  the  armature  bobbins  are 
placed  opposite  each  other  on  both  sides  of  the  rim.  Instead  of  forming 
the  coils  into  complete  bobbins.  Dr.  Muirhead  prefers  to  wind  them  in  a 
zig-zagform  round  the  grooved  iron  rim,  after  the  manner  shown  in  Fig.  403, 
which  represents  a plan  and  section  of  the  alternating  current  armature. 
This  arrangement  is  simpler  in  construction  than  the  bobbin  winding,  and 
is  less  liable  to  generate  self-induction  currents  in  the  armature.  In  this 
figure  a is  the  pulley  fi.xed  t(^  the  spindle  of  the  machine,  h b is  the  iron 
rim,  and  c c are  the  zig-zag  coils  of  copjjer  ribbon.  The  field  magnets  ai’e 
also  wound  in  a similar  manner. 


c c 2 


SCHWERDT’S  DYNAMO. 


rilHE  Schwerdt  system,  com})risiiig  a d^aiamo  machine  and  arc  lamp, 
^ })resents  nothing  new,  as  regards  principle.  The  generator  which 
we  illustrate  by  a longitudinal  section  (Fig.  404),  and  a transverse  view 
(Fig.  405),  consists  of  a ring  R of  the  Gramme  type,  carried  by  the  four  arms 
I of  a star  of  red  copper,  which  i-ev(dves  in  the  box-like  extensions 
of  the  held  magnets.  These  boxes  enclose  the  outer  portion  of  the  ring, 
and  a part  of  its  inner  surface.  The  inventor  hopes  in  this  way  to  increase 


Fig.  404. 


the  extent  of  the  mae^netic  held,  and  to  utilise  to  <i  maximum  the  ehect  of 
the  electro-magnets.  The  })ole-pieces  are  of  cast-ii'on  ; they  tire  connected  on 
each  side  by  a bronze  aiinature  which  receives  the  beariugs  carrying  the 
axis  on  which  the  ring  revolves.  The  current  is  transmitted  to  the  collector 
by  the  wires  <1  which  traverse  a wooden  disc  r })laced  oii  the  shaft.  From 
this  short  description  it  will  be  seen  that  the  machine  possesses  originality 
only  in  arrangement. 


CROMPTON’S  STEP-WOUND  ARMATURE. 

TN  all  ring  aruiatures  the  numher  of  turns  of  wire  that  can  he  ap})lied 
is  deterniined  by  the  inner  circumference  of  the  ring,  and  there  is 
consequently,  vacant  space  at  the  periphery  equal  to  the  difference  between 
the  inner  and  outer  circumferences.  In  machines  of  the  Gramme  type 
this  does  not  amount  to  much,  but  with  armatures  whose  radial  width  is 
considerable  in  relation  to  their  width  measured  parallel  to  the  axis,  the 
difficulty  becomes  serious,  and  has  hitherto  been  a bar  to  their  use.  Mr. 
Crompton  has  lately  devised  a method  of  winding,  which  he  calls  step- 
winding, whereby  this  waste  of  space  is  avoided,  and  the  whole  of  both  faces 
of  the  ring  or  disc  are  covered  with  wire,  as  well  as  the  inner  and  outer 
circumferences.  The  method  is  as  follows  : The  disc  is  divided  into  seg- 
ments equal  in  number  to  the  intended  separate  coils,  and  these  segments 
are  wound  with  as  many  equal  and  parallel  turns  of  wire  as  the  length  of 
the  inner  circumferential  arc  will  admit  of ; the  winding  is  then  continued 
through  a series  of  holes  pierced  through  the  disc,  or  steps  cut  in  the 
segment,  in  such  manner  and  order  that  each  successive  turn  of  wire,  or 
groups  of  turns  of  wire,  is  rather  shorter  than  the  one  preceding  it.  In  this 
manner  the  otherwise  unoccupied  triangles  are  filled  up  with  winding  in  a 
series  of  turns,  or  groups  of  turns,  arranged  step-wise,  so  that  the  whole  of 
the  wedge-shaped  segments  are  completely  covered. 

Fig.  406  illustrates  one  method  of  carrying  out  the  invention.  In 
this  the  winding  of  one  of  the  segments  is  commenced  at  the  oblong  hole  a, 
and  is  continued,  as  above  described,  until  the  hole  a is  filled  with  wire. 
After  this  the  winding  is  continued  through  the  holes  tq  Cj  Cg,  until  the  full 
length  of  the  outer  bounding  arc  of  the  segment  is  filled.  The  next  seg- 
ment is  then  commenced  at  the  hole  h,  and  the  windinsf  continued  all  the 
way  round  in  a similar  manner,  each  section  being  formed  of  as  many  layers 
as  may  be  convenient.  Figs.  407  and  408  show  another  method  of  winding 
applicable  to  a disc  core  built  up  of  segments.  Each  section  is  of  malleable 


390 


Croinpfons  {^tep-Wonnd  Armature. 


cast  iron  or  other  inagnetisable  material,  and  is  formed  stepwise  along  one 
edge,  as  indicated  at  a.  The  segments  are  secured  together  in  pairs  in 
such  manner  that  they  form  a rigid  compound  segment,  capable  of  with- 
standing the  strain  caused  liy  the  rotation  of  the  disc.  By  this  arrange- 
ment the  respective  segments  can  be  wound  separately  and  built  up  into 
the  disc,  and,  if  necessary,  be  subsequently  removed  and  replaced  without 
disturbing  the  other  segments.  The  winding  is  similar  to  that  shown  in 


Fig.  406.  Fig.  407.  Fig.  408.  Fig.  413.  Fig.  414. 


Fig.  406,  and  each  segment  can  be  coiled  before  it  is  bolted  to  the  next. 
Figs.  409,  410,  411,  and  412  show  two  disc  armatures  in  which  the  con- 
ductors are  thick  coj>per  bai's  m m,  each  of  which  consists  of  a stirrup  of 
rectangular  section.  The  connections  between  adjacent  turns  are  made  by 
copper  bolts  passing  through  holes  in  the  disc,  which  may  be  made  either 
of  several  thicknesses  of  iron  plate  rivetted  together,  or  of  a rim  of  non- 
magnetisable  metal  covered  with  iron  })lates  as  in  Fig.  413-  Figs.  413 
and  414  show  a modification  in  which  the  holes  a ajid  b,  corres})onding  to 
the  holes  o and  h in  Fig.  406,  are  connected  to  radial  slots  extending  to 
the  inner  circumference  of  the  ])lates.  This  affords  facility  in  winding,  as 
by  this  device  the  wire  can  be  wound  on  a bobbin  and  passed  through 
the  central  hole  of  the  dis(^ 


ELECTRIC  ARC  LAMPS. 


^INCE  the  first  volume  of  “ Electric  Illumination”  was  published,  a 
^ large  number  of  patents  have  been  granted  for  various  forms  of  arc 
lamps.  Of  these,  few  have  been  brought  into  anything  like  extensive  use, 
and  the  selection  given  in  the  following  pages  is  in  consequence  a very 
limited  one.  It  is  believed,  however,  that  it  comprises  all,  or  nearly  all, 
that  have  attained  any  degree  of  practical  success.  The  pages  of  the 
Appendix  attached  to  the  })resent  volume,  and  containing  abstracts  of  all 
lamps  which  have  been  patented  in  this  country,  up  to  the  middle  of  1882, 
may  be  consulted  for  the  remainder. 


A N D R E. 

TN  Andre’s  arc  lamp  the  regulation  is  effected  by  a special  current,  set  in 
operation  by  sensitive  mechanism  operated  by  a shunt  current  from 
the  arc.  The  shunt  current  traverses  an  electro-magnet  and  attracts  a 
swinging  armature,  which  is  balanced  by  a counterweight,  so  that  its  move- 
ment always  corresponds  to  a definite  length  or  resistance  of  arc.  As  the 
armature  swings  round  it  switches  the  feed  current,  which  for  a moment 
every  half-minute  flows  along  a special  conductor  from  the  dynamo,  into 
the  feed  electro-magnets,  where  it  works  the  regulator  and  adjusts  the 
carbons.  The  feed  circuit  is  a direct  branch  from  the  generator,  and  as 
the  current  does  not  exceed  0.5  amperes  in  intensity,  a very  small  wire  is 
sufficient  for  its  transmission.  The  negative  cable  forms  a common  return 
conductor  for  both  currents. 

The  general  form  of  the  lamp  is  shown  in  Figs.  415  and  416. 
On  the  base-plate  A,  which  is  insulated  from  the  lantern  by  the  ring 
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Fig.  422.  Fig.  423.  Fig.  424. 

a lever  F attached  l)y  two  straj)s  to  a tiltinsj^  G,  whicli  is  tlms  tilted 
whenever  the  armature  F is  attracted  to  tlie  ])oles  of  tlie  magnet  J). 
Through  tliis  ring  slides  a rod  H,  wliicli,  at  its  lower  ])art,  is  fitted  with  a 
socket  for  holding  tlie  hutt-end  of  tlie  U])per  or  negative  carhon.  From  the 
centre  of  the  hase-plate  A,  hut  insulated  fr'om  it,  I'ises  a long  hmss  tube  d, 
which  contains  the  jiositive  (^arhon,  held  iu  a central  jiosition  hy  means  of 
the  roller  contacts  K,  mounted  on  springs  as  shown  in  Fig.  417. 


B,  a metal  standard  C is  mounted,  for  the  jnirpose  of  supporting  the  upjier 
carbon.  On  the  base-plate  is  also  fixed  a double-armed  electro-magnet  D, 
each  bobbin  consisting  of  four  layers  of  No.  12  insulated  cojiper  wire  wound 
on  a wrought-iron  core  ^ in.  in  diameter,  and  2^  in.  long  ; the  resistance  of 
the  whole  magnet  being  O.OG  ohms.  An  armature  E is  susjiended  over 
the  poles  of  this  magnet  from  a metal  stem,  which,  at  its  upper  end,  acts  on 
Fig.  415.  Fig.  416.  Fig.  417.  Fig.  419.  Fig.  420. 
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As  sooii  as  the  main  current  is  turned  on,  it  traverses  l)oth  carbons 
and  passes  through  the  electro-magnet  1)  by  the  metal  standard  C.  The 
armature  E is  then  attracted  and  the  ring  G tilted  by  means  of  the  lever  E. 
The  neo'ative  carbon  is  thus  raised  and  the  arc  formed.  On  the  other 
hand,  when  the  current  is  turned  off,  the  armature  is  released,  the  carbon- 
holder  H is  allowed  to  slip  through  the  ring  G,  and  the  carbons  come 
together  again. 

The  brass  tube  J,  containing  the  lower  carbon,  is  continued  downwards, 
as  will  be  seen  from  Fig.  419,  until  it  reaches  a box  containing  the  feed 
apparatus  and  regulator.  The  feed  apparatus  is  shown  in  detail  in  Figs.  419 
and  420,  the  former  being  a side  and  the  latter  a front  elevation.  It  consists 
of  two  /^-shaped  frames  supporting  a shaft  M,  to  which  are  attached  a ratchet 
wheel  N and  pinion  O.  In  front  of  the  two  frames  is  a pair  of  electro- 
magnets P,  joined  below  by  a breech-piece.  Each  coil  consists  of  sixteen 
layers  of  No.  24  insulated  copper  wire,  wound  on  a wrought-iron  core  ^ in. 
in  diameter  and  2 in.  loim,  the  resistance  of  the  coils  in  series  being  about 
4 ohms.  At  the  ends  of  the  shaft  M and  outside  the  frames  L,  are  two 
arms  working  loosely  on  the  shaft,  and  carrying  an  armature,  with  their  free 
ends  adjusted  to  the  proper  position  by  the  spring  on  the  pillar  R.  This 
armature  carries  on  its  upper  surface  the  ratchet  S,  gearing  into  the  ratchet 
wheel  N,  and  thus  capable  of  driving  the  shaft  M.  The  pinion  O drives 
the  long  rack  P,  which  carries  at  its  upper  end  the  lower  carbon,  whilst 
the  lower  end  is  protected  by  a brass  tube  u fixed  to  the  base-plate  of  the 
whole  arrangement.  A pawl  W prevents  the  ratchet  wheel  from  running 
backwards. 

The  ends  of  the  feed  magnet  coils  are  connected  to  the  regulator,  which, 
as  shown  in  Fig.  421,  consists  of  a brass  frame  X,  between  the  arms  of 
which  are  fixed  two  coils  Y,  of  insulated  copper  wire,  G millimetres  in  dia- 
meter and  wound  on  a wrought-iron  core  in.  in  diameter,  and  2^  in.  long, 
joined  at  the  back  by  a breech-piece.  The  other  end  of  each  core  passes 
through  the  front  end  of  the  frame  X and  terminates  in  a pole-piece  Z,  the 
inner  surface  being  cylindrical  and  described  about  the  central  axis  of  the 
pair  of  magnets.  An  armature  d,  rigidly  connected  to  a lever  y,  is  pivotted 
about  the  same  central  axis  and  is  free  to  swing  near  the  top  pole-piece  Z, 
which  it  can  never  touch  owing  to  its  cylindrical  shape.  The  lower  end  of 
the  lever  y carries  two  platinum  pins  ^8^  which  play  between  the  ends 
of  two  screws  ® and  d fixed  to  the  frame  X,  but  insulated  from  it, 
one  of  which  is  pointed  with  platinum,  the  other  with  an  insulating 
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material.  The  lever  y also  carries  a rod  and  an  adjustable  weight  by 
means  of  which  any  desired  counterbalance  can  be  given  to  the  attraction 
between  the  niaijnets  and  the  armature. 

The  coils  Y are  a shunt  to  the  main  circuit,  and  when  the  arc  increases 
to  a certain  resistance,  they  attract  the  armature  d in  opposition  to  the 
counterbalance  f,  and  the  lever  7 is  inclined  towards  the  right,  thus  bringing 
the  pin  into  contact  with  the  screw  «b  which  has  an  insulated  point.  The 
feed  current  enters  at  the  platinum  pointed  screw  e,  and  thence  traverses 
the  feed  magnets,  which  have  a resistance  of  G ohms.  When,  however,  the 
weight  f overpowers  the  attraction  of  the  magnets  on  the  armature,  the 
platinum  jhn  S rests  against  the  platinum  pointed  screw  e,  thereby  opening 
a passage  of  almost  no  resistance  through  the  frame  X to  the  next 
lamp. 

The  positive  carbon  employed  is  one  meter  long  and  12  millimetres  in 
diameter,  the  negative  carbon  is  only  8 in.  in  length,  but  is  18  millimetres 
in  diameter.  A metre  carbon,  copper-plated,  keeps  the  lamp  burning  for 
thirty-six  hours  continuously,  or  for  a week  of  five  hours  each  night.  To 
avoid  the  resistance  of  this  whole  length  of  positive  carbon,  the  current 
enters  by  roller  contacts  provided  near  its  points  as  shown  at  K,  Fig.  417. 
The  resistance  of  the  lamp  is  thus  kept  as  low  as  0.1  ohm,  when  unlit,  and 
2 ohms  when  lit  ; the  resistance  of  the  arc  being  about  1.9  ohms.  A cur- 
rent of  12  amperes  is  found  to  give  a good  light  of  about  a 1000  candles  in 
these  lamps,  and  at  least  ten  of  them  can  be  worked  in  series  from  a Gramme 
machine  of  H type. 

The  intensity  of  the  light  is  regulated  by  throwing  in  or  taking  out 
resistance  from  the  circuit  of  the  field  magnets,  to  the  extent  of  a fraction 
of  an  ohm.  This  resistance  is  contained  in  frames  of  stout  coj)per  wire. 
Mr.  Andre  also  employs  a current  indicator  of  ingenious  device  to  sliow  the 
engineer  when  the  current  rises  above  or  falls  below  12  amperes.  This  is 
illustrated  in  Figs.  422,  423,  and  424  ; it  consists  of  a solenoid  M through 
which  tlie  current  passes,  acting  by  magnetic  suction  on  a soft  iron  core  N 
suspended  from  one  end  of  the  pivotted  lever  O.  The  other  arm  of  this 
lever  carries  an  adjustable  stem  T fitted  with  a counterweight  U,  which  can 
be  increased  by  the  weight  of  the  outer  case  V when  the  stem  is  raised. 
The  end  of  this  arm  of  the  lever  ]>lays  between  two  contact  pins  F Q,  in 
circuit  with  a local  battery,  an  electric  bell,  and  the  electr-o-magnets  K S, 
Fig.  424.  These  magnets  are  ca})able  of  attracting  a curved  iron  armature  ^ , 
and  thereby  rotating  the  vertical  shaft  X'  by  means  of  the  toothed  segment 
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Y'^  and  the  pinion  X.  Accordinj^  as  one  or  other  magnet  is  excited,  the 
armature  is  pulled  to  one  side  or  the  other,  and  the  rotated  shaft  displays 
the  front  or  back  of  the  signal  disc  X^,  Fig.  423,  to  the  engineer.  When 
the  current  is  under  12  amperes,  the  core  N rises  in  the  solenoid  M, 
and  the  lever  O hills  on  the  lower  pin  P,  thereby  sending  the  local  current 
to  ring  a bell  and  actuate  the  magnet  R,  so  as  to  make  the  shaft  X present 
the  green  face  of  the  signal  disc  to  the  engineer.  On  the  other  hand,  if  the 
current  is  over  12  amperes,  the  upper  contact  is  made,  the  bell  rings,  and 
the  magnet  S revolves  the  shaft  so  as  to  brinsf  the  red  face  of  the  disc  into 
view.  When,  however,  the  current  keeps  its  proper  strength  of  12  amperes, 
the  lever  rests  between  the  pins,  and  the  signal  disc  presents  its  edge  as 
shown  in  Fig.  422. 


H A W K E S. 

fJlHE  mechanism  of  the  Hawkes  lamp  is  illustrated  in  Figs.  425  and  426, 
which  represent  it  in  action.  It  is  a clutch  lamp,  and  is  adapted  to 
burn  long  carbons  if  required,  so  that  it  can  bo  used  for  the  lighting  of 
streets  as  well  as  halls,  factories,  engineering  ivorks,  and  so  on. 

Figs.  425  and  426  are  two  vertical  sections  of  the  lamp  in  planes  crossing 
each  other  at  right  angles.  Fig.  427  is  a sectional  plan  of  the  lamp  along 
the  line  1 — 2 in  Figs.  425  and  426,  and  Fig.  428  is  a sectional  plan  taken  in 
the  line  3 — 4 of  the  same  figures.  Fig.  429  shows  a special  device  for  cut- 
ting the  lamp  out  of  circuit. 

The  frame  of  the  lamp  consists  of  three  metal  base-plates  A,  A\  and 
A^,  rigidly  connected  by  vertical  stems  A®,  A^  and  A®.  The  stem  A^, 
which  is  in  connection  by  the  terminal  below,  with  the  positive  wire  from 
the  generator,  is  insulated  from  these  metal  plates,  and  the  stem  A^,  which 
is  in  connection  with  the  negative  wire  through  the  plates  A,  A\  is  insu- 
lated from  the  upper  plate  A^  only.  This  plate  supports  the  mechanism 
for  striking  the  arc  and  regulating  the  advance  of  the  upper  carbon  C and 
holder  C\  while  the  plate  A supports  the  mechanism  for  regulating  the 
advance  of  the  lower  carbon  D and  its  holder  Rh  This  carbon  traverses 


a long  tube  B,  pendent  from  the  bottom  of  tlie  lamp,  and  prolonged  at 
by  a liquid  reservoir  into  which  a piston  descends. 


Fig.  425. 


Fig.  426. 


Fig.  429. 


When  the  current  is  switched  into  the  lamp  it  j>asses  by  the  stem  A‘* 
and  terminal  <j  to  the  electro-magnet  (1,  and  thence  by  the  terminal  g’  to 
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till)  plate  A'-,  which  is  in  metallic  contact  with  the  carhon-holder  C\  It 
thus  traverses  the  carbons  and  completes  its  circuit  through  the  lower 
holder  1)^  and  the  plates  A.  In  traversing  the  double-coiled  electro- 
magnet (x,  it  attracts  the  armature  G\  and  thereby  separates  the  upper 
carbon  from  the  lower  and  forms  the  arc.  Mr.  Hawkes,  however,  has  not 
contented  himself  with  the  mere  striking  of  the  arc  on  the  introduction  of 
this  electro-magnet  in  the  main  circuit.  He  has  also  arranged  that  it  shall 
regularly  adjust  the  position  of  the  carbon  C.  To  this  end  he  employs 
the  following  device  : H is  a coiled  spring  surrounding  the  upper  part  of 
the  carbon-holder  and  retained  between  two  collars  h which  also 
surround  the  carbon-holder.  The  lower  collar  h is  suspended  from  the 
guide  frame  by  means  of  pendent  rods  vdiich  pass  freely  through  the 
head  of  the  guide  frame,  and  are  each  provided  with  a head  to  take  a bear- 
ing on  the  guide  frames.  The  upper  collar  /d  is  attached  to  a pair  of  guide 
rods  which,  after  passing  up  through  the  guide  frame  C'^  are  connected 
together  by  a crosshead,  upon  which  bears  a regulating  screw  I,  which 
regulates  the  amount  of  compression  put  upon  the  spring.  The  spring  is 
intended  to  }>ress  back  the  armature  of  the  electro-magnet  when  it  is 
attracted  by  the  current,  and  consequently  to  determine  the  position  at 
which  the  upper  carbon  will  come  to  rest.  On  the  strength  of  the  main 
current  decreasing  through  the  lengthening  of  the  arc,  the  spring  comes 
into  action,  and  forces  the  armature  and  carbon-holder  dowmvards,  until  its 
further  expansion  is  checked  by  the  pendent  collar  h.  After  this  the 
armature  simply  falls  by  its  own  weight,  and  the  upper  carbon  drops  into 
contact  with  the  lower  one,  thereby  closing  the  main  circuit.  The  electro- 
magnet again  comes  into  full  play  and  re-establishes  the  arc  as  before. 
Thanks,  however,  to  the  spring  device  just  described,  this  sudden  restora- 
tion of  the  arc  need  seldom  occur. 

The  lower  carbon  is  advanced  to  maintain  the  arc  by  the  pull  of  two 
counterweights  shown  in  Fig.  426,  the  cords  from  the  weights  passing  over 
two  pulleys  and  being  attached  to  D\  This  advance  is  controlled  by  a clutch 
device  of  ingenious  construction.  The  carbon-holder  passes  through  a 
hole  in  the  plate  A^  A,  and  between  the  poles  of  an  electro-magnet  E,  which 
is  in  a branch  or  derived  circuit,  as  shown  by  the  wires  W W.  Attached  to 
the  armature  E^  of  this  electro-magnet  is  a gri})ping  piece  E,  which  is  carried 
by  pivot  pins  /’  and  has  an  o})ening  through  it  to  allow  of  the  free  passage 
upwards  of  the  carbon-holder  wdien  the  armature  E^  is  attracted  by  its 
magnet,  and  the  gripping  piece  is  thereby  raised  as  shown  in  Fig.  425- 
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Sliould,  however,  the  strength  of  the  current  in  the  electro-magnet  become 
enfeebled,  owing  to  a too  ra|)id  rise  of  the  carbon,  the  reacting  force  of  the 
S2)ring  i^resses  down  the  armature  and  the  gripping  2>iece  arrests  the 
U2)ward  motion  of  the  carbon-holder,  until  the  arc  attains  its  jiroper  length, 
and  the  derived  current  in  the  electro-magnet  E its  normal  strength.  The 
lower  carbon  is  then  unlocked  by  the  superior  attraction  of  the  electro- 
magnet over  that  of  the  spring,  and  the  carbon  advances  as  before. 

The  action  of  the  spring  is  regulated  so  as  to  limit  the  U2)ward  play 
of  the  armature  E\  and  to  prevent  its  being  drawn  to  the  poles  of  the 
magnet.  To  serve  th's  double  purpose  a hollow  i-egulating  screw  F^  is  pro- 
vided. On  passing  through  the  plate  this  screw  F^  bears  on  the  coiled 
s|jring  F^,  which  is  made  fast  to  the  armature  E\  The  hollow  screw  is 
tajDped  to  receive  an  elongated  screw  F^,  which  2)i'ojects  down  through  the 
coiled  s|3ring  so  as  to  form  a sto|:)  to  the  rising  armature.  By  the  adjust- 
ment of  the  screw  F'^  the  force  of  the  spring  is  regulated  so  as  to  counteract 
the  jDower  of  the  electro-magnet  to  any  desired  extent,  and  the  ujjward 
range  of  the  armature  is  jDroj^erly  limited.  The  piston  moving  in  a well 
(B^)  of  viscous  liquid,  such  as  glycerine  and  water,  gives  additional  smooth- 
ness to  the  working  of  the  lamp. 

The  device  em}doyed  by  Mr.  Hawkes  to  cut  out  a lamp  from  a circuit 
when  some  accident  has  befallen  the  carbons,  is  a very  simple  and  ingenious 
one.  Insulated  from  the  top  jdate  A^,  but  resting  on  it,  is  a strij)  of  metal 
K,  which  is  in  metallic  connection  with  the  stem  A^,  and  underlies  one  end 
of  the  armature  Gb  A similar  stri})  of  insulated  metal  K*  is  connected  to 
the  other  stem  Ab  The  armature  G^  at  the  })arts  which  overlie  the  strijjs 
K K^,  is  fitted  with  platinum  points.  While  the  lanq)  is  in  action,  the 
armature  being  held  uj)  by  the  attraction  of  its  electro-magnet,  is  clear  of 
these  insulated  metal  pieces,  but  as  soon  as  an  undue  resistance  is  offered 
to  the  main  current,  the  power  of  the  electro-magnet  is  overcome  by  the 
sj)ring  H,  and  the  armature  is  dro])j)ed  down  and  short-circuits  the  current 
by  the  strij)s  K Kb  as  shown  in  Fig.  429-  The  lain})  is  thus  cut  out  of 
the  general  circuit. 

Mr.  Hawkes  also  constructs  lanqis  of  the  same  ty})c  having  double 
carbons,  and  these  are  fitted  with  an  automatic  device  for  diverting  the 
current  from  one  }iair  of  carbons  to  the  other. 

The  iqqier  or  })ositive  carbon,  is  ordinarily  twenty  millimetres  in  dia- 
meter, and  co}:)})er  coated;  while  the  lower  or  negative  carbon,  is  thirteen 
millimetres  in  diameter.  The  lower  burns  at  the  rate  of  an  inch  }>er  hour. 
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and  is  long  enough  to  burn  for  forty  or  fifty  hours.  The  lamp  is  stated 
to  yield  a light  of  GOOO-candle  power  when  fed  by  an  A Gramme  machine 
consuming  2^  horse-power. 


CROMPTON. 

T^IGS.  430  to  434  show  one  of  the  later  developments  of  Mr.  Crompton’s 
arc  lamp.  The  salient  features  of  the  design  are  that,  instead  of  the 
carbons  being  provided  with  holders  or  rods,  they  are  guided  near  the  focus 
by  earthenware  bushes,  and  at  their  remote  ends  by  sliding  blocks.  The 
feed  is  controlled  by  a train  of  wheels  governed  by  a brake  block,  held  in 
contact  with  the  corresponding  wheel  by  a spring.  This  gearing  is  mounted 
on  the  end  of  a vibrating  lever,  the  position  of  which  is  determined  by  the 
core  of  a differential  solenoid.  As  the  resistance  of  the  arc  increases  the 
core  rises  until  the  brake  lever  meets  a fixed  stop  and  the  gearing  is  free  to 
revolve.  The  arc  is  also  established  by  the  motion  of  the  same  frame,  by 
means  of  a cord  passing  round  a sheave  or  pulley  on  the  first  spindle. 

Referring  to  the  illustrations  it  will  be  seen  that  the  upper  carbon 
passes  through  a porcelain  guide  near  the  arc,  and,  at  its  upper  end,  is  fixed 
in  a sliding  clip  c that  runs  between  the  two  stationary  guide  rods  E Eb 
The  lower  carbon  is  similarly  held,  and  moves  within  the  tube  D ; it  is 
connected  to  the  upper  electrode  by  a cord,  or  other  flexible  connection, 
passing  round  the  six  pulleys  h,  /d,  A’b  /d,  /d,  /d,  and  consequently  the  two 
pencils  make  simultaneous  motions,  and  thus  keep  the  focus  constant  in 
position.  The  pulley  /d  is  mounted  on  the  first  spindle  of  a train  of  thi-ee 
wheels,  the  last  spindle  of  which  carries  a brake  wheel,  normally  subject  to 
the  action  of  a brake  lever  g.  The  train  is  mounted  on  a frame  fixed  on 
the  forked  lever  h,  which  is  pivotted  at  K (Figs.  431  and  432).  The  posi- 
tion of  this  lever  is  controlled  by  the  core  m of  the  differential  solenoid 
M N.  When  the  circuit  is  completed  through  the  lamp  the  coarse  coil  of 
the  solenoid  draws  down  the  core,  and  with  it  the  gearing  frame  and  the 
pulley  /d,  around  which  the  bight  of  the  cord  i i passes.  This  separates  the 
carbons  and  establishes  the  arc.  As  the  i-esistance  of  the  arc  increases 
the  core  m rises,  until  the  brake  lever  g meets  a fixed  stop  on  the  frame. 
The  wheels  are  then  free  to  revolve,  and  the  upper  carbon,  by  its  superior 
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weiglit,  then  do.sceiids,  raising  the  lower  one  by  means  of  tlie  connecting 
cord,  at  half  the  speed  at  which  it  falls  itself.  The  fumes  emitted  Iroin  the 
arc  are  prevented  from  entering  the  lamp  by  the  guard  case  C. 

Fig.  433  shows  a modification,  in  which  two  coils  M and  N have  inde- 

Fig.  430.  Fig.  432.  Fig.  431. 


pendent  cores,  and  Fig.  434  illustrates  a lamp  in  which  magnets  are  used  in 
place  of  solenoids. 

Messrs.  Crompton  and  Co.  have  recently  introduced  a very  sim|)h' 
form  of  arc  lamp  which  has  }>roved  remaTkably  successful  in  pmctice.  Jt  is 
known  as  their  D D pattern,  and  its  mechanism  consists  solely  of  a rack. 
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a pinion,  a brake  wheel,  a brake  lever,  and  a solenoid.  In  Fig.  435  it  is 
shown  arranged  as  a duplex  lamp,  and  consequently  many  of  the  parts 
appear  twice,  taking  away  somewhat  from  the  apparent  simplicity  of  the 
arrangement.  Each  up})er  carbon-holder,  B or  slides  vertically  through 
bearings  in  the  framing,  and  is  provided  at  one  side  with  rack  teeth.  Upon 
the  holder  there  slides  a gun-metal  sleeve  E carrying  a short  horizontal 
spindle,  iq:)on  which  is  a pinion  gearing  into  the  rack,  and  a brake  wheel. 
The  sleeve  is  prevented  from  sliding  down  the  holder  by  means  of  a brake 
lever  L,  pivotted  at  one  end  to  the  side  rod  of  the  lamp,  and  at  the  other 


end  connected  to  the  core  of  the  regulating  solenoid  by  a chain.  This 
lever  stands  directly  under  the  brake  wheel,  and  also  under  a s})ur  or  peg 
projecting  downwards  from  the  sleeve.  This  spur  is  nearer  the  centre 
of  oscillation  of  the  lever  than  is  the  point  of  contact  between  the  wheel 
and  the  lever,  consequently  when  the  lever  is  inclined  downwards  the 
weight  of  the  sleeve  is  borne  on  the  spur,  and  when  the  lever  is  inclined 
upwards  the  weight  is  borne  by  the  wheel.  The  practical  effect  of  this 
arrangement  is  that  in  the  former  ])osition  of  the  lever,  the  wheel  is  free  to 
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revolve,  and  therefore  the  holder  can  slide  down  through  the  sleeve  ; in 
the  latter  })osition  the  wheel  is  held  against  rotation,  and  there  can  be  no 
relative  motion  of  the  sleeve  and  the  holder.  Nevertheless  they  are  free  to 
move  together,  and  advantage  is  taken  of  this  to  establish  the  arc.  As 
soon  as  the  current  circulates  in  the  solenoid,  the  core  is  drawn  strongly 
u]:)wards.  The  lever  is  raised  hrst  to  the  horizontal  position,  and  then 
above  it,  carrying  with  it  the  sleeve,  the  carbon-holder,  and  the  carbon, 
and  thus  forming  the  arc.  As  the  carbons  consume,  the  lever  gradually 
hills  to  the  horizontal  position,  when  the  smallest  additional  depression 
releases  the  brake  wheel,  and  allows  the  carbon  to  feed  downwards.  The 
details  of  the  feeding  mechanism  are  shown  to  a larger  scale  in  Fig.  437- 

In  a duplex  lamp  it  is  necessary  that  one  pair  of  carbons  should 
remain  out  of  action  until  the  other  are  consumed.  This  is  attained  in  this 
case  by  making  one  spur  rather  longer  than  the  other,  so  that  one  carbon 
feeds,  when  the  lever  is  just  above  the  hoiizontal  line.  When  this  carbon 
is  nearly  exhausted,  the  further  descent  of  the  holder  is  prevented  by  a stop, 
and  the  solenoid  core  descends  until  the  second  holder  beofins  to  feed. 

Fig.  436  illustrates  the  electrical  connections  for  a lamp  intended 
to  be  used  in  series,  the  main  circuit  being  shown  in  thick  lines,  and  the 
shunt  circuit  in  hne  lines.  S is  a switch  by  which  the  lamp  can  be  cut  out 
and  replaced  by  a suitable  resistance  R R.  When  the  circuit  is  broken, 
either  pui'posely  or  by  any  accidental  cause,  such  as  the  sticking  of  a i-ack, 
the  main  jjortion  of  the  solenoid  M loses  its  })ower  and  the  core  falls,  closing 
the  circuit  across  the  contacts  G and  H,  which  thus  form  an  automatic 
cut-out.  For  single  lain}),  or  for  lamps  arranged  j)arallel,  the  shunt  coil 
G of  the  solenoid  is  omitted  or  temporarily  disconnected.  The  lamp  is 
regulated  by  the  screw  T,  which  values  the  tension  of  the  spring  by  which 
the  core  is  suspended. 


jfUlUnN  AND  CUOMITUN. 

Ij^lGS.  438  and  439  show  a form  of  the  Riirgin  and  Crompton  lain]).  The  two 
cai'bons  are  shown  at  A and  R ; the  lower  one  is  fixed  in  the  frame 
of  the  lain])  with  which  it  is  in  electrical  communication.  The  U])])er 
carbon  slides  in  a tube  insulated  from  the  outer  tube  c,  and  is  hung  from  the 
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cord  E.  This  traverses  the  armature  E,  passes  over  the  pulley  G,  and  is 
wound  round  the  drum  H.  A second  cord  K is  wound  round  the  same 
drum.  This  carries  at  its  end  a copper  ring  L by  wliich  the  upper  carbon 
can  be  lifted.  The  armature  F is  surrounded  by  fine  wires  connected  to 
the  terminal  P and  to  the  body  of  the  lamp ; it  is  free  to  move  before  the 
electro-magnet  M N,  wound  with  coarse  wire.  This  forms  the  vertical  and 
movable  side  of  an  articulated  parallelogram,  the  opposite  side  of  which  is 
fixed  to  the  frame  of  the  lamp  in  such  a way  that  any  attraction  between 
the  electro-magnet  M N and  the  armature  F causes  a vertical  movement  of 
the  upper  carbon.  In  the  diagram  the  terminals  are  shown  at  P P’  ; Q 
Fig.  438.  Fig.  439. 


is  a fly  with  a spring  brake  R.  The  current  on  enteiing  the  lamp  divides 
and  passes  round  the  coiled  armature  and  the  electro-magnet  to  an  extent 
determined  by  the  resistance  of  each  of  them.  The  lattei’  attracts  the 
armature  and  raises  the  upper  carbon.  During  this  movement,  the  fly  rests 
against  the  brake  R,  and  the  cord  not  beincj  free  to  unroll,  the  carbon 
follows  the  motion  of  the  armature  until  the  resistance  of  the  spring  R 
balances  the  attractive  power  of  the  electro-magnet.  In  proportion  as  the 
carbons  consume,  the  resistance  increases  in  the  main  circuit,  which  includes 
the  electro-magnet.  The  strength  of  the  current  decreases,  while  the  shunt 
increases  in  the  armature,  which  opposes  the  attraction  of  the  magnet,  and 
descending,  releases  the  spring  brake,  allowing  the  drum  to  turn  and  the 
carbon  to  fall  by  its  weight  until  equilibrium  is  restored. 


D D 2 
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/r  ABDANK  separates  liis  i-egulator  from  his  lamp.  The  regulator 
he  fixed  anywhere,  within  easy  inspection  and  manipulation, 
and  away  from  disturbing  influences  of  the  lamp.  The  lamp  can  be  fixed 
in  any  desired  place. 

The  bottom  or  negative  carljon  is  fixed,  but  the  top  or  positive  carbon 
is  movable  in  a vertical  line.  It  is  screwed  at  the  point  C to  a brass  rod  T 
(Fig.  441),  which  moves  freely  inside  the  tubular  core  of  an  electro-magnet 
K.  This  rod  is  clutched  and  lifted  by  the  soft  iron  armature  A B,  when  a 
current  passes  through  the  coil  M M.  The  mass  of  the  iron  in  the  arma- 
ture is  distributed  so  that  the  greater  portion  is  at  one  end  B much  nearer 
the  pole  than  the  other  end,  hence  this  portion  is  attracted  first ; the  arma- 
ture a.ssumes  an  inclined  position  maintained  by  a brass  button  t,  which  pre- 
vents any  adhesion  between  the  armature  and  the  core  of  the  electro-magnet. 
The  electric  connection  between  the  carbon  and  the  coil  of  the  electro- 
magnet is  maintained  by  the  flexible  wire  S. 

The  electro-magnet  A (Fig.  440)  is  fixed  to  a long  and  heavy  rack  C, 
which  falls  by  its  own  weight  and  by  the  weight  of  the  electro-magnet  and 
carbon  fixed  to  it.  The  length  of  the  rack  is  equal  to  the  length  of  the  two 
carbons.  The  fall  of  the  rack  is  controlled  by  a friction  brake  B (Fig.  442) 
which  acts  upon  the  last  of  a train  of  three  wheels  put  in  motion  by  the 
above  weight.  The  brake  B is  fixed  at  one  end  of  a lover  B A,  the  other 
end  carrying  the  soft  iron  armature  F,  easily  adjusted  by  three  screws. 
This  armature  is  attracted  by  the  electro-magnet  E E (whose  resistance  is 
1200  ohms),  whenever  a current  circulates  thi'ough  it.  The  length  of  })lay 
is  regulated  by  the  screw  V.  The  spring  L ajiplies  tension  to  the  brake. 

The  regulator  consists  of  a balance  and  a cut-olf.  The  balance  (Figs.  443 
and  444)  is  made  with  two  solenoids  S S’,  whose  relative  distance  is 
adjustable.  S conveys  the  main  current,  and  is  wound  with  thick  wire, 
having  practically  no  resistance,  and  S^  is  traversed  by  a shunt  current, 
and  is  wound  with  fine  wire,  having  a resistance  of  (!00  ohms.  In  the 
axes  of  these  two  coils,  a small  and  light  iron  tube  (2  mm.  diameter  and 
00  mm.  length)  freely  moves  in  a veifical  line  between  two  guides.  When 
magnetised  it  has  one  })ole  in  the  middle,  and  the  other  at  eacli  end.  Its 

* This  description  is  taken  from  a paper  read  liy  Mr.  ^V.  II.  I’reeee  before  Section  (!  of  tlie  Sontlianii)- 
ton  meeting  of  the  Ifritish  Association,  1882. 
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upward  motion  is  controlled  by  the  spring  N T.  This  spring  rests  upon 
the  screw  H,  with  which  it  makes  contact  by  jdatinum  electrodes.  This 
contact  is  broken  whenever  the  little  iron  rod  strikes  the  spring  N T. 

The  positive  lead  from  the  dynamo  is  attached  to  the  terminal  B, 
then  passes  through  the  coil  S to  the  terminal  B\  whence  it  proceeds  to  the 


Fig.  442. 

lamp.  The  negative  lead  is  attached  to  terminal  A,  passing  directly  to 
the  other  terminal  A^,  and  thence  to  the  lamp. 

The  shunt  which  passes  through  the  fine  coil  commences  at  the 
point  P ; the  other  end  is  fixed  to  the  screw  H,  whence  it  has  two  paths, 
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tlie  one  offering  no  resistance  througli  the  spring  T N to  tlie  upper  negative 
terminal  Ah  the  other  throimli  the  terminal  J to  the  electro-maofnet  of  the 
brake  M,  and  thence  to  the  negative  terminal  of  the  lamp  Lh 

The  last  part  of  the  ap})aratus  to  he  described  is  the  “ cut-off,”  which  is 
used  wheri  there  are  several  lamps  in  series.  It  is  brought  into  ])lay  by  the 


Fig.  444. 

switch  C D,  which  can  be  ])laced  at  E or  D,  Fig.  444-  When  it  is  at  E,  the 
negative  terminal  A is  in  communication  with  the  positive  terminal  E 
through  a resistance  K,  equal  to  the  resistance  of  the  lain]),  which  is  there- 
fore out  of  circuit.  When  it  is  at  I),  the  cut-off  acts  automatically  to  do 
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the  same  thing  when  required.  This  is  done  by  a solenoid  V whicli  has 
two  coils,  the  one  of  thick  wire  offering  no  resistance,  and  the  other  of  2000 
ohms  resistance.  The  fine  wire  connects  the  terminals  and  B.  The 
solenoid  has  a movable  soft  iron  core  suspended  by  the  spring  U.  It  has 
a cross-j)iece  of  iron  which  can  dip  into  two  mercury  cups  G and  K when 
the  core  is  sucked  into  the  solenoid.  When  this  is  the  case,  which  happens 
when  any  accident  occurs  to  the  lamp,  the  terminal  A is  placed  in  connection 
with  the  terminal  B through  the  thick  wore  of  V and  the  resistance  R in 
the  same  way  as  it  was  done  by  the  switch  C D. 

When  the  current  enters  the  balance  it  passes  through  the  coil  S,  mag- 
netising the  iron  core,  and  drawing  it  downwards  (Fig.  443)-  It  then  passes 
to  the  lamp  L,  through  the  carbons,  then  returns  to  the  balance  and  proceeds 
back  to  the  negative  terminal  of  the  machine  ; a small  portion  of  the  cur- 
rent is  shunted  off  at  the  point  P,  passing  through  the  coil  S\  through 
the  contact  spring  T N to  the  terminal  A\  and  drawing  the  iron  core  in 
opposition  to  S.  The  carbons  are  then  in  contact,  but  in  passing  through 
the  lamp  the  current  magnetises  the  electro-magnet  M (Fig.  443),  which 
attracts  the  armature  A B,  that  lifts  up  the  rod  with  the  upper  carbon 
a definite  and  fixed  distance  that  is  easily  regulated  by  adjusting  screws. 
The  arc  then  is  formed,  and  ■will  continue  to  burn  steadily  as  long  as  the 
current  remains  constant.  But  the  instant  the  current  falls,  due  to  the  in- 
creased resistance  of  the  arc,  a greater  proportion  passes  through  the  shunt 
(Fig.  443),  increasing  its  magnetic  moment  on  the  iron  core,  while 
that  of  S is  diminishing.  The  result  is  that  a moment  arises  when  equi- 
librium is  destroyed,  the  iron  rod  strikes  smartly  and  sharply  upon  the 
spring  N T,  contact  between  T and  H is  broken,  and  the  current  passes 
through  the  electro-magnet  of  the  brake  in  the  lamp.  The  brake  is  released 
for  an  instant,  and  the  carbons  approach  each  other.  But  the  same  I'upture 
of  contact  introduces  in  the  shunt  a new  resistance  of  considerable  masmi- 
tude  (viz.,  1200  ohms),  that  of  the  electro-magnet  of  the  brake.  Then  the 
strength  of  the  shunt  current  diminishes  considerably  and  the  solenoid  G 
recovers  briskly  its  drawing  power  upon  the  rod,  and  contact  is  restored. 
The  carbons  approach  during  these  periods  only  about  .01  mm.  to  .02  mm. ; 
if  this  is  not  sufficient  to  restore  equilibrium,  it  is  repeated  continually  till 
equilibrium  is  obtained,  the  result  being  that  the  carbon-holder  is  continually 
falling  by  a motion  invisible  to  the  eye,  but  sufficient  to  provide  for  the 
consumption  of  the  carbons. 

The  contact  between  N T and  H is  never  completely  broken ; the 
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sparks  are  very  feeble  and  the  contacts  do  not  oxidise.  The  resistances 
inserted  are  so  considerable  that  heating  cannot  occur,  while  the  portion  of 
the  current  abstracted  for  the  control  is  so  small  that  it  may  be  neglected. 

The  balance  acts  like  the  key  of  a Morse  machine  and  the  l>rake 
precisely  like  tlie  sounder  receiver  so  well  known  in  telegraphy.  It  emits 
the  same  kind  of  sound  and  acts  automatically  like  a skilled  and  faithful 
telegraphist. 

This  regulation,  l)y  very  small  short  and  successive  steps,  offers  several 
advantages.  1.  It  is  ini})erceptible  to  the  eye.  2.  It  does  not  affect  the 
main  current.  3.  Any  sudden  instantaneous  variation  of  the  main  current 
does  not  allow  a too  near  approach  of  the  carbon  point. 

Should  an  accident  occur — for  instance,  a carbon  be  broken — at  once 
the  automatic  cut-off  acts,  the  current  passes  through  the  resistance  R 
instead  of  passing  through  the  lamp,  the  current  through  the  fine  coil  is 
suddenly  increased,  the  rod  is  drawn  in,  contact  is  made  at  G and  K,  and 
the  current  is  sent  thronyh  the  resistance  R.  As  soon  as  contact  is  a^ain 
made  by  the  carbons,  the  current  in  the  coil  S is  increased,  that  in  V dimi- 
nished, and  the  antagonistic  spring  U breaks  the  ('ontact  at  G and  K. 


S O L I G N A G. 


TN  the  first  volume  of  “ Electric  Illumination”  (page  508)  will  be  found 
the  description  of  a very  ingenious  lain})  devised  by  jM.  Solignac,  in 
which  the  distance  a})ai't  of  the  carbon  })oints  is  I’egulated  by  the  gradual 
softening  of  two  small  glass  rods  fixed  below  the  carbons  and  abutting 
one  against  the  other.  To  this  lain})  M.  Solignac  added  an  automatic 
relighting  device,  which  we  should  have  described  if  it  had  not  been,  des})ite 
its  originality,  abandoned  and  rc})laced  by  a new  lain})  in  some  res}>ects  still 
more  simple,  and  much  more  convenient  and  economical  in  ap})lication.  In 
})ursuing  his  investigations  with  this  lam}),  M.  Solignac  was  led  to  study 
the  ap})lication  of  glass  rods  to  a vertical  carbon  lam}).  It  occurred  to  him 
to  use  one  rod  only,  em})loying  one  carbon  much  larger  than  the  other,  and 
fixed  in  a refractory  casing,  which  descends  freely,  is  consumed  very  slowly, 
and  the  under  surface  of  which  is  con.stantly  maintained  in  a fixc'd  j)osition 
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witli  reference  to  tlie  lower  carbon.  The  sketch,  Fig-  447?  sliows  the 
operation  of  tliis  apparatus.  Subsequently  M.  Solignac  suppressed  the 
glass  rod  altogether,  and  his  new  lamp  has  nothing  in  common  with  that 


from  which  it  was  evolved.  The  construction  of  these  lamps  will  be  clearly 
understood  with  the  aid  of  the  eno-ravinof,  Fiir.  446,  which  is  one-fifth  full 
size.  This  lamp  produces  a light  of  about  000  carcels  when  fed  by  the 
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smallest  size  direct-current  Granmie  machine,  absorbing  one  horse-power. 
In  the  illustration,  A is  the  negative  carbon,  formed  of  a cylinder  2^ 
centimetres  diameter,  through  which  the  current  is  led  by  a small 
terminal  fixed  in  the  carbon  as  shown.  The  terminal  is  connected  by  a 
wire  to  the  terminal  insulated  from  the  frame  on  which  it  is  fixed, 
and  thence  to  the  source  of  electricity.  This  large  carbon  fits  freely  in 
a hollow  cylinder  of  refractory  material,  the  axial  hole  being  from  1 to 
1.5  millimetres  larger  than  the  carbon,  which  can  thus  slide  without 
friction.  It  is  held  at  the  bottom  by  a small  projecting  lip  in  the  refractory 
cylinder.  This  latter  is  contained  in  a copper  cylinder  C also  made  with  a 
|)rojection.  The  cylinder  is  hung  between  the  arms  of  a bracket  D,  which 
is  fixed  to  the  end  of  an  iron  rod  F,  moving  freely  inside  the  brass  tube 
E E.  Around  this  tube  is  a solenoid  formed  with  .30  metres  of  copper  wire 
1.5  millimetres  diameter,  and  insulated  with  gutta-]_)ercha.  The  rod  F 
moves  in  the  axis  of  the  solenoid,  and  abuts  against  a screwed  rod  thi'ougli 
which  passes  the  spindle  H,  hung  from  the  top  of  the  stirrup  by  the  spring 
K.  It  will  be  seen  that  by  moving  the  screw  G in  the  nut  belonging  to  it, 
the  time  when  the  rod  F abuts  against  it  can  be  hastened  or  retarded,  and 
the  movement  of  the  negative  carbon  can  thus  be  limited.  By  this  arrange- 
ment, if  the  solenoid  has  an  action  in  excess  of  that  actually  required,  the 
movement  of  the  rod  may  be  restricted  to  what  is  necessary  for  regulating 
the  arc.  The  solenoid  receives  the  cui'rent  from  the  terminal  A"  ; the 
current  })asses  from  the  tube  E to  the  bracket  D,  which  is  insulated  from 
the  large  carbon,  and  to  the  frame  carrying  the  positive  carbon.  This  latter 
A'  slides  in  a long  cop}>er  sheath.  The  lower  part  is  contained  in  a socket 
M provided  with  two  springs  n n that  press  against  the  inside  of  the  tube, 
and  collect  the  current.  This  socket  is  carried  by  two  small  chains  F F 
passed  over  the  rollers  Q and  fixed  to  the  counterweight  R,  which  slides 
over  the  tube  M.  The  upj)er  end  of  the  carbon  A'  traverses  a nickel  tube 
R,  similar  to  those  used  in  carriage  lamps.  The  o[)cning  at  the  end  of 
the  tube  is  a little  smaller  than  the  diameter  of  the  carbon,  so  that  only  the 
coned  end  })rojects.  As  this  carbon  is  consumed,  the  counterweights  raise 
it  towards  the  upper  carbon. 

The  action  of  the  lamp  is  as  follows  : At  the  moment  that  the  apparatus 
is  put  in  circuit,  that  is  when  it  is  in  the  ])osition  shown  in  Fig.  446,  the 
solenoid  begins  to  act,  lifting  the  iron  rod  and  the  negative  carbon,  which  it 
maintains  at  a distance  from  the  positive  carbon  fixed  in  advance  by  the 
screw  G,  according  to  the  conditions  of  lighting,  and  the  number  of  lamj)s 
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that  are  to  be  placed  in  tlie  circuit.  The  arc  passes  from  the  positive  carbon 
to  the  negative,  vliicli  it  rapidly  heats,  until  the  whole  of  its  lower  surface  is 
luminous.  To  obtain  steadiness  of  arc  the  positive  electrode  is  formed  of  a 
so-called  wick  carbon,  that  is  a tubular  carbon  filled  with  carbon.  With  this 
ty|)e  of  pencil  the  arc  always  passes  axially  with  the  cylindrical  opening. 
Contrary  to  what  may  be  imagined  on  first  seeing  this  lamp,  the  refractory 
cylinder  surrounding  the  large  carbon  has  no  function  in  the  Solignac  lamp, 
similar  to  that  of  the  Soleil.  On  the  contrary,  it  serves  to  cool  the  elec- 
trode, and  thus  to  prevent  the  unequal  wear  of  the  carbon,  which,  with- 
out this  device,  would  speedily  become  pointed,  and  fall  out  of  the  opening 
in  the  surrounding  cylinder.  Under  the  actual  conditions,  the  absorption 
of  heat  insures  an  even  wear  of  the  carbon,  which  falls  gradually,  always 
maintaining  its  lower  surface  practically  flat.  The  heat  arrives  at  its 
maximum  a few  seconds  after  lighting,  and  preserves  this  temperature  as 
long  as  a balance  is  maintained  between  the  heat  produced  by  the  arc 
and  the  loss  resulting  from  the  radiation  from  the  larg^e  surface  of 
the  refractory  ring.  This  is  constantly  bathed  by  the  hot  air  which 
surrounds  the  arc  and  sjweads  over  the  base  of  the  refractory  cylinder. 
It  will  thus  be  seen  that  the  large  carbon  is  raised  to  a very  high 
temperature,  and  that  while  the  wear  is  extremely  slow,  it  preserves  on 
account  of  its  steady  motion,  due  to  its  weight,  a constant  distance  from 
the  positive  carbon.  The  refractory  cylinder  also  acts  as  a reflector,  but 
as  it  rapidly  blackens  by  the  deposit  and  absorption  of  dust,  M.  Solignac 
proposes  to  substitute  a cylinder  of  enamelled  porcelain. 

From  the  foregoing  description  it  will  be  seen  that  this  lamp  is  simple 
in  its  arrangement  and  working.  As  regards  the  light  produced,  it  should 
be  pointed  out,  that  owing  to  the  construction  of  the  lower  part,  and  to  the 
presence  of  the  counterweight,  a marked  reduction  of  light  is  noticed 
beneath  the  lamp,  though  this  does  not  amount  to  an  actual  shadow  on 
account  of  the  large  size  of  the  upper  carbon.  This  disadvantage  will 
probably  be  removed  by  modifying  the  details  of  the  lamp,  in  which  atten- 
tion has  been  chiefly  devoted  to  the  production  of  a fixed  light.  The 
counterweight  may  be  easily  shifted  to  the  top  of  the  lamp,  and  the  inter- 
ception of  the  light  will  be  thus  avoided. 
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a very  successful  electric  light  installation  at  Brixton,  the  arc  lamps 
used  are  the  invention  of  Messrs.  Clark  and  Bowman  ; the  mechanism 
is  illustrated  by  Figs.  448  to  450,  Avhere  Fig.  448  shows  the  parts  as  they 
appear  when  the  regulator  is  out  of  action,  or  the  arc  is  of  the  normal 
length  ; Fig.  449  shows  them  in  the  act  of  feeding  the  carbon  ; and  Fig.  450 
is  a perspective  view  of  the  clutch  mechanism.  The  electro-magnet  j is 
situated  in  a shunt  circuit  round  the  arc.  The  amount  of  current  tra^'ersino’ 
this  circuit  varies,  as  is  well  understood,  with  the  resistance  of  the  arc,  the 
two  increasing  and  decreasing  together.  Over  the  magnet  is  hung  a pen- 
dulum armature  h,  which  is  drawn  back  by  the  light  flat  spring  F against 
the  attraction  of  the  magnet.  It  is  consequently  very  sensitive  to  any 
change  in  the  current  circulating  in  the  coils,  and  resj)onds  to  its  smallest 
variation.  On  the  front  of  the  armature  is  a contact  spring  I,  which  in  its 
extreme  position  meets  "with  an  adjustable  screw  /‘,  and  in  so  doing  com- 
pletes a second  circuit  through  the  magnet  d,  which  operates  the  feeding 
mechanism  and  puts  it  into  action.  Thus  the  office  of  the  magnet  y and  its 
armature  is  to  act  as  a relay,  completing  a circuit  when  the  resistance  of 
the  arc  exceeds  a certain  determined  amount,  and  breakinof  it  asrain  when 
this  resistance  is  reduced,  and  it  is  to  this  arrangement  that  the  lamp  owes 
its  »reat  sensitiveness.  The  regulating  device  does  nothino-  but  reyulate  ; 
none  of  the  heavier  work  of  actually  feeding  the  carbon  is  thrown  on  to  it, 
and  consequently  it  acts  with  great  |)rom])titude  and  certainty.  In  }>ractice 
the  lamp  works  with  regular  feeds  of  about  ^ in.  at  periodic  intervals, 
without  giving  rise  to  any  jumping  or  winking. 

When  the  circuit  is  closed  between  the  contact  ])ieces  / and  f,  current 
is  sent  through  the  wire  P to  the  contact  spring  x,  and  thence  through 
the  adjustable  screw  /'"  to  the  coils  of  the  magnet  d.  Tliis  latter  imme- 
diately attracts  its  armature  J>,  drawing  it  down,  and  at  the  same  time 
breakinsf  the  circuit  at  x.  The  distance  the  armature  will  descend  before 

o 

the  magnet  loses  its  power,  depends  upon  the  tlexibility  of  the  spring  x. 
As  soon,  however,  as  the  contact  is  broken,  the  armature  ascends  and 
again  conq)letes  the  circuit,  when,  if  the  contact  at  I f is  still  maintained, 
the  feeding  mechanism  mukes  another  stroke,  and  so  on  until  the  arc  is  re- 
duced to  the  pro])er  length.  As  a matter  of  practice  one  stroke  is  usually 
sufficient,  and  when  the  circuit  bi’caks  at  x it  also  breaks  at  and  the 
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parts  come  to  rest  until  anotlier  intinitesimal  portion  of  tlie  carbon  is  con- 
sumed. 

The  feeding  mechanism  is  shown  in  Figs.  448  and  449  as  a clip  washer 
and  brake  spring,  as  it  is  sometimes  made,  but  in  Fig.  450  it  is  illustrated 
as  it  is  actually  constructed  in  the  Brixton  installation.  The  armature 
lever  b has  an  eye  ¥ which  surrounds  the  carbon-holder  y,  and  grips  it  when 
in  an  inclined  position.  It  is  pivotted  between  two  lugs  on  the  plate  C 


Fig.  448.  Fig.  449. 


Fig.  450. 

(Fig.  448).  From  the  under  side  of  the  lever  there  extends  a spring  to  a 
second  washer  ring  ¥,  so  that  when  the  lever  is  drawn  down  and  the  upper 
washer  loses  its  grip,  the  lower  one  takes  hold  of  the  electrode,  forcing  it 
towards  the  arc  positively,  and  not  allowing  it  to  slide,  as  is  usual.  On  the 
return  stroke  the  washer  ¥ again  takes  hold,  and  ¥ loses  its  grasp  as  it 
conies  against  the  fixed  hook  ¥.  By  this  arrangement  all  necessity  for 
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Hies,  peiidulunis,  or  glycerine  cylinders  is  avoided,  and  all  chance  of  the 
carbons  sliding  together  is  prevented,  while  it  is  no  longer  indispensable  for 
the  lamp  to  be  hung  vei'tically,  as  in  those  regulators  which  depend  upon 
gravity  to  effect  the  feeding.  The  arc  is  established  by  an  electro-magnet 
connected  to  the  lower  carbon-holder. 


TATED  in  general  tenns,  the  action  in  this  lamp  is  similar  to  that  of 


Brush  with  the  main  regulating  magnet  replaced  by  a spring.  The 
general  arrangement  is  clearly  shown  in  Fig.  451,  while  the  action  may  be 
more  clearly  seen  in  the  diagram  Fig.  452-  F F are  the  two  branches  of  an 
electro-magnet,  whose  coils  form  a shunt  circuit  of  high  resistance  round  the 
arc.  The  attraction  of  these  magnets  upon  their  armature  A is  opposed  by 
the  adjustable  spring  D.  Resting  loosely  on  a pr-ojection  of  the  lever  L,  to 
which  the  armature  is  attached,  is  a clip  B,  wliich  is  a washer  encircling 
the  upper  carbon-holder  C.  When  the  washer  is  horizorrtal  the  carborr- 
hokler  is  free  to  slide  thr'ough  it  irirder  the  action  of  gr-avity,  birt  wheir  it  is 
tilted  by  the  sprirrg,  it  grips  the  holder  and  retains  it.  The  action  of  the 
lamp  is  as  follows  : Wherr  rro  current  is  passing  the  washer  holds  the  rod, 
and  the  two  carbons  remain  apart  until  the  completion  of  the  circuit,  when 
the  magnet  is  excited,  and  the  armature  drawn  down.  This  releases  the 
upper  carbon,  and  the  two  come  irr  contact,  whereupon,  a new  jrath  of  low 
resistance  being  opened  for  the  cirrrent,  the  magnet  loses  its  power',  and 
releases  its  hold  on  the  arrrratirre.  The  latter  is  therr  imrrrediately  raised  by 
the  spring,  carrying  with  it  the  washer  and  upper  carbon,  and  thus  the  arc 
is  established.  The  lamp  then  burns  until  the  increasing  resistance  of  the 
arc  diverts  a greater  proportioir  of  the  current  through  the  magnet  coils, 
thus  augrrrentirrg  their  })ower  to  attract  the  armature  and  diminishing  the 
bite  of  the  washer.  This  action  contimres  until  the  carbon-holder  is  fr’ee, 
and  falls  through  a slight  space,  usually  so  small  as  to  be  almost  imperceptible, 
when  it  is  again  grij)ped,  until  air  increase  of  the  arc  produces  a fresh  adjust- 
ment, and  so  on.  Fig.  453  shows  a modification  of  the  invention,  in  which 
two  spring  levers  are  substituted  for  the  washer.  These  are  connected 
directly  to  the  armature  of  the  magnet,  and  are  so  arranged  that  when  in  a 
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liorizontal  attitude,  or  thereabouts,  as  shown  in  the  illustration,  they  nip  the 
carbtm-hokler  between  their  ends,  but  when  drawn  down  by  the  attraction 
of  the  magnet  on  the  armature,  they  release  it.  It  will  lie  noticed  that 
when  the  lamps  are  first  put  in  action  the  carbons  are  separated,  and 
consequently  the  only  path  for  the  current  is  through  the  whole  of  the  shunt 
coils  in  succession.  These  have  of  necessity  a high  resistance,  and  conse- 
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Fig.  452.  Fig.  453. 


quently  the  dynamo  machine,  unless  it  be  shunt  wound,  cannot  generate 
a current  of  sufficient  intensity  to  excite  its  field  magnets,  or  those  in  the 
lamp.  To  obviate  this  difficulty  Mr.  Lever  has  devised  an  automatic 
apparatus,  which  has  the  effect  of  short-circuiting  the  generator  through  a 
shunt  of  moderate  resistance,  until  the  current  has  attained  a determined 
intensity.  The  shunt  circuit  is  then  broken,  and  the  full  force  of  the  current 
is  thrown  into  the  lamps,  with  the  effect  of  instantly  exciting  their  magnets 
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and  estal)lisliing-  the  arcs.  Figs.  454  and  455  illustrate  this  apparatus.  From 
the  terminals  of  the  generator  there  run  two  circuits,  one  comprising  four- 
lamps  L L,  indicated  by  circles,  and  the  other  the  automatic  shunt.  This 
includes  an  electro-magnet,  whose  coils  E E have  a resistance  about  equal 
to  that  of  the  lamps,  a pivotted  armature  A,  and  a sliding  contact  C,  shown 
to  a larger  scale  in  Fig.  455-  At  first  the  course  of  the  current  is  through 
the  magnet  coils  to  the  terminal  and  the  fixed  portion  of  the  contact,  and 
then  across  the  armature  to  the  terminal  B and  back  to  the  generator.  As 
soon,  however,  as  the  armature  is  drawn  up  to  the  magnet,  one  part  C of  the 
contact  piece  slides  off  the  other  S,  and  the  circuit  is  broken,  whereupon 
the  whole  current  Hows  through  the  lanqos. 


IG.  456  illustrates  the  Breguet  arc  lamp.  The  regulation  of  the  arc  is 


effected  by  an  electro-magnet  placed  in  derivation  to  the  current  which 
traverses  the  apparatus,  and  the  feed  of  the  carbons  is  pi-oduced  by  the 
weight  of  the  carbon-holder.  At  its  upper  })art  is  placed  gearing,  worked  by 
a carbon-holder  C,  and  commanded  by  an  electro-magnet  E^  of  700  ohms 
resistance.  The  armature  A^  of  this  magnet  carries  at  one  j)ai't  a finger  4), 
which  arrests  the  last  wheel  l>y  engaging  a star-wheel  I,  and  at  another  ])art 
a rod  T,  of  which  we  shall  speak  further  on.  The  lower  part  conq)rises  a 
platform  Pk  to  which  there  is  fixed  a second  electro-magnet  of  very  feeble 
resistance,  whose  armature  A carries  the  lower  carbon.  When  the  lanqi  is 
not  in  action  this  armature  is  maintained  at  a certain  distance  from  the 
electro-magnet  by  a spring  R,  whose  tension  can  be  regulated  by  the  screw 
c ; it  is  also  connected  witli  a lever  L,  which  operates  a rod  T contained  in 
the  side  rod  M.  This  rod  carries  at  its  upper  end  a nut  c',  which  acts 
upon  the  rod  J),  when  it  is  at  the  top  of  its  stroke.  The  side  rod  M,  which 
carries  the  negative  terminal  B\  is  insulated  by  ebonite  rings  from  the  two 
platforms,  which  it  connects.  The  opj)osite  side  rod  wliich  (^ari'ies  the 
positive  terminal,  is  in  metallic  contact  with  the  lower  j)latforni  and  is 
insulated  from  the  u}>per  j)latforni. 

The  action  of  the  lamp  is  as  follows  : The  tei-minal  H is  connected  to 
the  positive  pole  of  a generator,  and  the  terminal  JT  with  the  negative  })ole. 


B R E G U E T. 


Breguet’s  Arc  Lamp. 


417 


Tlie  current  enters  at  B,  passes  to  B and  divides  itself  into  two  parts,  as 
indicated  by  the  arrows  on  the  figure.  The  first  part  passes  through  the 
carbons,  circulates  around  the  electro-magnet  E,  remounts  by  the  side  rod, 
and  leaves  by  the  terminal  The  second  part  traverses  the  electro- 


magnet E^,  and  also  leaves  by  the  teiminal  B\  the  magnet  being  in  a derived 
circuit  around  the  arc.  In  circulating  in  the  electro-magnet  E,  the  current 
magnetises  its  soft  iron  cores,  the  armature  A is  attracted,  and  the  voltaic 
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arc  is  established  between  the  two  carbons.  The  armature  A in  descending 
raises,  by  the  intermediary  of  the  lever  L and  the  rod  T,  the  screw  which 
thus  ceases  to  act  any  longer  on  the  lever  Lb  It  will  be  seen  that  this 
part  of  the  mechanism  is  inactive  so  long  as  the  current  circulates  in  the 
apparatus.  Further  on  we  shall  explain  the  part  played  by  this  device  upon 
the  extinction  of  the  lamp. 

The  fraction  of  the  current  which  traverses  the  electro-magnet 
magnetises  also  its  cores,  but  the  tension  of  the  spring  balances  the  attrac- 
tion which  they  exercise  on  the  armature,  and  the  upper  carbon  remains 
fixed.  When  the  arc  increases  by  the  wasting  of  the  carbons,  the  intensity 
of  the  current  which  traverses  them  diminishes,  while  at  the  same  time,  the 
current  in  the  electro-magnet  augments.  At  last  there  arrives  a moment 
when  the  influence  exercised  by  the  electro-magnet  upon  the  armature  is 
greater  than  the  tension  of  the  spring  Rb  The  Anger  D is  then  raised,  and 
the  carbon-holder,  becoming  free,  descends  until  the  arc  recovers  its  primitive 
resistance  ; the  tension  of  the  spring  then  draws  the  finger  D into  contact 
with  one  of  the  branches  of  the  starwheel  I,  and  the  carbon-holder  becomes 
stationary.  The  method  of  action  we  have  just  described  is  the  one  which 
obtains  if  care  be  taken  to  place  the  carbons  in  contact  by  hand  at  the 
moment  of  lighting.  The  use  of  the  rod  T and  the  lever  L is  to  disj)ense 
with  this  trouble,  by  bringing  the  carbons  automatically  into  contact  as 
soon  as  the  current  ceases  to  circulate  in  the  lamp.  At  that  moment  the 
armature  A is  suddenly  raised  by  the  S2)rings  R,  the  nut  c^  then  presses 
against  the  lever  L\  the  finger  D is  raised,  and  the  upper  carbon  descends. 
As  soon  as  it  touches  the  lower  carbon,  the  weight  of  the  carbon-holder 
lowers  slightly  the  armature  A,  the  nut  is  raised,  and  the  up}>er  carbon 
arrested.  The  gearing  being  locked,  the  two  carbons  cannot  possibly  cross 
each  other. 

To  regulate  the  lamp  it  is  necessary  in  the  first  place  to  fix  the  stroke 
of  the  armature  A,  and  the  ])osition  of  the  nut  cb  By  acting  upon  the  nut 
e,  the  distance  of  the  electro-magnet  from  its  armature  is  adjusted;  this 
should  be  about  three  millimetres.  We  have  already  seen  that  when  the 
armature  A is  at  the  top  of  its  stroke  the  u})per  carbon  can  descend.  It  is 
therefore  necessary,  when  the  armatur-e  A has  been  adjusted,  to  operate  o' 
until  the  gearing  begins  to  move.  At  the  slightest  })ressure  exercised  u})oii 
the  armature  A,  the  nut  o'  ought  to  rise,  and  the  gearing  to  move.  In 
order  to  adjust  the  nut  conveniently,  it  is  necessary  to  draw  It  into  a position 
such  that  on  a very  small  disj)lacement  u])wards  from  below,  the  ap])aratus  will 
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bo  put  ill  action.  That  }>art  of  the  regulation  ought  to  be  etfected  before 
the  current  circulates  in  the  lamp.  As  has  been  already  mentioned,  when 
the  current  traverses  the  apparatus  the  armature  is  subject  to  two  forces, 
the  tension  of  the  sjiring  and  the  attraction  of  the  electro-magnet.  It  is 
therefore  evident  that  the  more  the  spring  is  tightened,  the  greater 
must  be  the  attraction  of  the  electro-magnet  to  unlock  the  gearing ; further, 
the  greater  the  tension  of  the  spring  the  longer  will  be  the  arc. 

In  starting  the  lamp  a current  is  made  to  traverse  it,  and  the  distance 
between  the  carbons  is  observed.  If  this  is  too  great  the  spring  is  relaxed, 
and  if  on  the  contrary  it  is  too  small,  the  spring  is  extended.  Each  of 
the  adjusting  screws  carries  a counter  screw,  which  it  is  very  important  to 
tighten  energetically  to  prevent  the  variations  to  which  the  regulator 
may  be  exposed. 


W E R D E R M A N N. 

rilHE  details  of  the  Werdermann  lamp  are  shown  in  Figs.  457  and  458- 
The  upper  carbon  is  held  between  three  rollers  a^,  a?,  of  which 
is  carried  on  a jockey  frame,  and  is  kept  up  to  the  pencil  by  the  pressure  of 


a spring,  a}  has  a disc  attached  to  it  by  which  it  can  be  rotated  in  either 
direction  by  means  of  two  gripping  levers,  one  operated  by  the  coarse  coil 

E E 2 
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W to  establish  tlie  arc,  and  the  other  by  the  shunt  coil  M to  give  the  feed. 
These  levers  are  jointed  to  independent  arms  pivotted  to  the  axis  of  the 
pulley  cd.  The  solenoid  M is  in  a shunt  circuit  around  the  arc,  and  is  wound 
with  two  lengths  of  wire,  so  arranged  that  the  current  may  traverse  either 
one,  or  both  of  them.  The  outer  end  of  the  inner  length  and  the  inner 
end  of  the  outer  length  are  connected  to  the  plate /j  which  lies  in  the  path 
of  a terminal  on  the  feeding  lever.  When  the  circuit  is  completed  the  core 
N of  the  solenoid  W is  drawn  down  to  the  armature  S and  there  retained, 
the  pulley  a}  being  at  the  same  time  rotated  and  the  arc  established.  Just 
before  the  core  N reaches  the  bottom  of  its  stroke,  a lever,  fixed  on  the  axis 
of  the  gripping  lever,  conies  in  contact  with  the  frame,  and,  rotating  the 
axis,  releases  the  pulley  «b  which  is  at  the  same  time  nipped  by  the  oppo- 
site lever,  operated  by  the  core  Mb  As  the  arc  lengthens  the  power  of  the 
solenoid  M increases,  and  its  core  descends  until  the  contact  at  /’  is  broken, 
when  the  additional  resistance  of  the  second  coil  reduces  the  shunt  current, 
and  allows  the  core  to  rise  again  ready  for  another  stroke.  Should  the 
carbons  break  or  the  arc  fail,  the  gripping  lever  meets  the  stud  p,  and, 
drawing  the  jockey  frame  backwards,  allows  the  carbon  to  drop.  As  it  is 
the  carbon  itself,  and  not  a holder,  that  passes  through  the  rollers,  very  long 
pencils  can  be  used  in  this  lamp  without  any  undue  elongation  of  the 
framing  or  increase  of  resistance. 


V A R L E Y. 

rjJHE  lamp  of  Messrs.  C.  F.  and  F.  H.  Varley  is  illustrated  in  the  accom- 
panying figures.  There  is  no  upper  carbon-holder,  but  in  place  of  it, 
the  })encil  is  held  between  four  rollers  D D,  and  is  forced  downwards  by 
the  spring  C,  under  the  modifying  inlluence  of  a dash  })iston,  which  is 
formed  of  discs  of  paper  and  felt,  and  is  })rovided  with  an  adjustable  air 
valve.  The  cores  of  the  difterential  solenoids  LMj  are  connected  together 
by  a lever  at  the  to]),  and  simultaneously  o])crate  two  arms  below  the 
rollers  13.  When  the  circuit  is  coin])letud  these  arms  I’ise  together,  and, 
lifting  the  rollers  and  carbon,  establish  the  arc.  As  the  arc  lengthens 
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the  arms  fall  clear  of  the  rollers,  allowing  them  to  revolve  and  the  pencil  to 
descend.  The  lower  carbon  is  carried  by  the  arm  E\  of  which  Fig.  460  is  a 

Fig.  459. 


separate  view.  The  holder  is  made  to  swivel  (Fig.  461)  in  order  that  it  may 
be  turned  out  of  the  way,  when  the  upper  electrode  is  inserted. 


EGGER-KREMENETSKY. 

TN  the  Egger-Kremenetsky  arc  lamp,  which  is  illustrated  by  Fig.  463, 
A and  B are  the  two  solenoids,  through  the  coils  of  the  first  of 
which  the  principal  current  passes  and  forms  the  arc ; the  second  receives 
the  derived  current  and  regulates  the  arc.  The  cores  a and  h of  the 
solenoid  are  connected  by  an  articulated  system  which  includes  two  sym- 
metrical fingers  that  bear  against  the  upper  carbon.  When  the  core  a is 
raised,  the  fingers  turn  around  their  axes,  clip  the  carbon-holder  and  lift  it. 
In  falling  they  come  in  contact  with  two  forks  which  open  them,  and, 
liberating  the  carbon-holder,  allow  it  to  slide.  In  the  rod  of  the  upper 
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carbon-hokler  arc  two  lateral  grooves  to  receive  cords,  which  pass  round 
the  pulleys  R E.',  and  hold  up  the  lower  carbon-holder ; s s are  two  wheels 
which  roll  against  the  bars  F F',  and  preserve  the  axial  position  of  the 
carbon.  A cylinder,  filled  with  glycerine,  acts  as  a slide  for  the  lower  carbon- 


holder,  which  is  formed  of  a brass  rod  with  a piston  at  tlic  end.  The 
upper  carbon-holder  slides  in  the  tid)e  If,  which  serves  as  a sup})ort  of 
the  lamp.  The  current  fiows  to  the  lamp  through  the  solenoid  A,  traverses 
the  coils,  and  attracts  the  core  a.  The  fingers  then  grasj)  the  upper  carbon- 
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holder,  lift  it,  and  form  the  arc.  A.s  this  lengthens,  through  the  wear  of  the 
carbons,  a larger  part  of  the  current  flows  through  the  derivation  B ; the 
core  I)  is  attracted,  the  fingers  open  and  allow  the  upper  carbon  to  slide 
until  the  arc  becomes  normal.  When  lamps  are  used  in  series,  each  is,  in 
addition,  provided  with  an  electro-magnet,  partly  traversed  by  the  principal 
current  and  partly  by  the  derived  current,  and  which,  when  one  lamp 
becomes  extinguished  from  any  cause,  introduces  a corresponding  resistance 
between  the  terminals. 


Z I P E R N O W S K Y. 

TT7E  have  already  referred  to  the  electric  lighting  system  of  Messrs.  Ganz 
^ ~ and  Co.,  of  Budapest,  but  we  did  not  describe  the  Zipernowsky  arc 
lamp,  which  they  employ  largely.  Fig.  464  is  a diagram  illustrating  the 
manner  in  which  this  lamp  works.  As  will  be  seen,  it  comprises  an  articu- 
lated parallelogram  suspended  from  a rod.  The  two  principal  sides  of  this 
parallelogram  are  the  negative  carbon-holder,  and  the  positive  carbon-holder. 


This  latter  passes  through  a fine  wire  solenoid  in  derivation  on  the  main 
circuit.  The  action  of  this  solenoid  tends  to  raise  the  lower  carbon,  and  at 
the  same  time,  by  the  action  of  the  parallelogram,  to  depress  the  upper 
carbon  to  an  equal  extent.  This  effect  is  counterbalanced  by  that  of  a small 
weight,  which  can  be  regulated  so  as  to  impart  the  desired  length  to  the 
arc.  The  combustion  of  the  carbons  increases  the  length  of  the  arc,  and 
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consequently  the  strength  of  the  current  passing  through  the  solenoid,  which 
then  acts  with  greater  energy,  and  restores  the  arc  to  the  position  of  equili- 
brium. Figs.  465,  466,  and  467  illustrate  the  mechanical  details  of  the  lamps, 
as  carried  out.  Without  entering  into  a minute  description,  we  may  explain 
the  solenoid  S,  in  which  there  moves  the  hollow  iron  coil  carrying  the  piece 
which  holds  the  lower  carbon.  In  this  hollow  iron  core  there  is  a small 
piston  by  which  the  movement  is  controlled.  The  spiral  spring  /’  by  which 
the  tension  is  regulated,  by  aid  of  the  screw  m,  placed  under  the  upper  plate 


Fig.  467. 


of  the  lamp,  acts  in  the  direction  of  the  attraction  of  the  solenoid  S,  and  in 
an  opposite  direction  to  the  weight  of  the  core  C.  The  upper  carbon-holder 
is  connected  to  a rack  gearing  with  a pinion  A,  Fig.  467,  the  motion  of  which 
is  regulated  by  the  starwheel  G and  the  small  Hy  c When,  by  reason  of 
the  wear  of  the  carbons,  the  rack  is  at  the  bottom  of  its  stroke,  it  allows  the 
piece  h /d,  movalde  around  h,  to  fall ; this  arrests  the  motion  of  the  star- 
wheel  of  the  gearing,  and  of  the  whole  system.  The  small  coarse  wire  coil 
S is  thrown  into  the  circuit  by  means  of  the  copper  spihig  at  the  moment 
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when  tlie  carbons  are  completely  consumed,  and  the  lamp  only  resumes  its 
functions  when  new  ones  are  introduced.  M.  Zipernowsky  makes  lamps 
with  two  pairs  of  carbons  which  burn  for  sixteen  hours. 


PIETTE  AND  KRIZIK. 

XN  the  first  volume  of  “ Electrical  Illumination  ” we  described  the 
Piette  and  Krizik,  or  Pilsen,  lamp ; since  then  certain  modifications 
have  been  introduced  which  are  shown  in  Fig.  468,  where  P P are 
the  terminals,  E^  the  iron  solenoid  cores,  H the  coarse  wire  sole- 


noid in  the  main  circuit,  N the  solenoid  in  the  derived  circuit,  with  some 
turns  of  coarse  wire  and  a number  of  fine  wire  coils,  c an  electro-magnet,  7i 
a resistance  of  German  silver,  and  G^  G^  guides  insulated  from  the  core  E'l 
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Assuming  that  the  carbons  are  separated  and  that  it  is  desired  to  light  the 
lamp,  the  current  enters  hy  the  terminal  P and  goes  by  the  frame  of  the  lamp 
to  the  point  a ; it  then  traverses  the  coil  of  the  solenoid  N,  passes  from  h by 
the  platinum  contact  d and  thence  to  the  point  / ; finally  it  leaves  the  lamp, 
after  having  traversed  the  resistance  n and  the  insulated  terminal  P.  The 
core  is  attracted  by  the  solenoid  a h N,  and  the  carbon  P falls  into  con- 
tact with  the  carbon  Ir.  At  this  moment  the  current  has  two  courses  open 
to  it ; that  described  above  and  a second  as  follows  : The  lamp,  the  carbons, 
the  insulated  guides  CP  G^,  thence  by  the  rollers  i and  h at  m,  the  coils  of  c 
as  far  as  0,  the  coil  of  the  solenoid  H,  the  wire  L,  and  the  negative  terminal 
P,  The  chief  part  of  the  current  will  pass  by  this  route,  which  offers  a slight 
resistance.  The  solenoid  H will  raise  the  core  E^  and  separate  the  carbons 
thus  forming  the  arc.  The  contact  magnet  c will  attract  its  armature  and 
break  the  contact  at  d.  That  portion  of  the  current  passing  by  the  first 
circuit  being  very  slight,  will  take  the  following  course  : 

From  P across  the  lamp  at  a,  then  through  the  coarse  and  fine  wire 
coils  of  the  solenoid  N,  through  the  coils  of  the  contact  magnet  c,  and  thence 
to  the  main  circuit  at  m.  When  the  arc  lengthens  by  the  combustion  of 
the  carbons,  the  resistance  augments ; the  derived  current  then  increases  in 
strength,  the  core  E is  attracted  in  the  solenoid  N,  and  the  carbons  will 
be  brought  nearer,  which  will  restore  the  normal  condition  of  woi’king. 
When  the  carbons  are  burnt  out,  one  of  the  conducting  rollers  of  the  core 
E^  comes  in  contact  with  a small  ivory  plate  x fixed  to  the  guide,  d hen  the 
main  current  passes  from  P across  the  lamp,  through  the  resistance  c as  far 
as  0,  the  solenoid  H and  the  wire  L to  the  terminal  P.  The  derived 
current  goes  from  « to  c and  d as  far  as  /,  and  across  the  German  silver 
resistance  n to  P,  It  then  traverses  the  contact  c d,  which  is  restored  by 
the  magnet  contaet  c. 

O 


INCANDESCENCE  LAMPS. 


1 \URING  the  past  two  years,  electrie  lighting  by  incandescence  lamps 
has  found  more  numerous  and  extensive  applications  than  that  of 
the  voltaic  arc,  and  the  manufacture  and  use  of  the  former  has  to-day 
attained  very  considerable  dimensions.  This  class  of  electrical  lighting  has 
indeed  become  a practical  as  well  as  a commercial  success,  as  it  is  peculiarly 
adapted  to  those  special  purposes  for  which  the  demand  is  large  and 
increasing — for  theatres,  ships,  hotels,  workshops,  and  public  exhibitions, 
such  as  that  of  the  Fisheries  at  South  Kensington  in  1883,  and  the 
Health  Exhibition  of  the  present  year,  where,  combined  with  arc  lighting, 
many  varieties  of  luminous  effects  have  been  produced.  But  although 
lighting  by  incandescence  is  thus  rapidly  growing  in  use,  the  lamps 
employed  are  made  only  by  a few  makers,  and  the  systems  which  first 
proved  themselves  successful,  are  still  most  largely,  almost  exclusively 
used.  These  systems  are  those  of  Edison,  Swan,  Lane-Fox,  modified  by 
the  Brush  Company,  and  Woodhouse  and  Rawson.  Nevertheless  inventors 
have  been  busy  during  the  past  two  years,  either  in  scheming  new  forms 
of  lamps,  or  in  devising  modifications  of  existing  types.  In  the  following 
pages  particulars  will  be  given  of  these  inventions,  some  of  which  have,  or 
will  doubtless  have,  a practical  value,  while  all  necessarily  possess  a certain 
interest. 


Woodhouse  and  Rawson. — As  already  mentioned,  Messrs.  Woodhouse 
and  Rawson  manufacture  incandescence  lamps  on  a large  scale.  As  will  be 
seen  from  Fig.  469,  their  globe  is  supported  by  three  light  fingers  or  springs 
attached  to  the  holder,  while  the  contact  with  the  platinum  terminals  is 
made  by  two  spiral  springs  coupled  to  the  binding  posts  at  either  side.  By 
this  arrangement  an  even,  steady  pressure  is  maintained  upon  the  platinum 
loops,  in  spite  of  any  vibration  of  the  lamp,  an  important  point  in  some 
installations,  especially  on  board  ship,  where  the  rolling  of  the  vessel  is  apt 
to  break  the  contacts,  and  give  rise  to  minute  arcs,  if  special  precautions  be 
not  taken. 
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In  the  lamp  itself  the  chief  novelty  lies  in  the  method  adopted  for 
connectin;^  the  filament  to  the  metallic  conductors.  These  are  bent  to  a 
right  angle  at  a little  distance  from  their  extremities,  and  their  ends  are 
fiattened  into  discs  or  plates,  which  are  then  rolled  up  to  form  tubes  into 
which  the  legs  of  the  filament  are  inserted.  Good  contact  is  insured  at  the 
junction  by  means  of  a carbonaceous  cement,  which  has  the  further  advan- 
tage of  increasing  the  cross  section  of  the  conductor,  and  so  reducing  its 
temperature  in  the  immediate  vicinity  of  the  platinum  wire.  The  outer 
ends  of  the  metallic  conductors  are  turned  into  loops  and  sealed  into  the 
glass  by  the  method  known  as  “ pinching  in,”  as  is  now  usual  in  incan- 


descence  lamps.  The  lamp  shown  in  Fig.  469  is  of  Gventy-candle  power, 
and  requires  a difference  of  potential  of  sixty  volts  to  drive  it  to  its 
full  safe  capacity.  Messrs.  Woodhouse  and  Rawson,  in  addition  to  their 
standard  lamps,  which  vary  from  three-candle  power  upwards,  and  are 
adapted  to  work  at  potentials  from  three  to  sixty  volts,  manufacture  lamps 
for  inventors  and  others  who  desire  to  have  them  made  to  their  own  specifi- 
cation or  according  to  their  own  processes.  One  form  of  which  they  make 
a specialty,  is  a coloured  incandescence  lain])  for  theatriival  and  ornamental 
purposes.  The  tinting  of  the  globe  is  effected  after  the  other  jiarts  of  tlie 
manufacture  are  coni])lete,  and  consequently  the  pi'ocess  can  be  applied  to 
the  lam])S  of  other  makers  or  to  ordinary  globes. 
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Fig.  470. 


Muller. — The  cai'bons  are  shaped  so  as  to  form  two  cylindrical  or  conical 
s})irals  crossing  one  another  ; these  are  jointed  at  the  one  end,  and  the  free 
ends  connected  to  the  conducting  wires.  Fig.  470  represents 
the  form  of  the  carbon  filament.  The  carbons  are  manu- 
factured as  follows  : Fine  strips  of  sugar  cane  are  placed  in  a 
receptacle,  which  is  hermetically  closed  and  exhausted  and 
then  filled  with  a solution  of  hydrate  of  carbon  in  water, 
whereby  the  pores  of  the  cane  are  impregnated,  and  the 
fibre  is  made  more  flexible.  The  fibre  is  then  shaped  to 
the  required  form  and  carbonised  as  usual,  after  which 
it  is  impregnated  with  a solution  of  cellulose  or  similar 
material  in  the  same  manner  as  before. 

Brush. — Incandescence  electric  lamps  are  constructed  according  to  this 
arrangement,  with  a suitable  screen,  preferably  of  glass  or  mica,  between 
the  limbs  of  the  bent  filament,  whereby  the  “ radiant 
matter”  projected  from  any  part  of  the  filament  is 
prevented  from  exerting  its  destructive  action  on 
other  portions.  Fig.  471  shows  the  screen  E (pre- 
ferably of  glass)  in  the  form  of  a rod  or  tube  lying  in 
the  plane  of  the  filament  loop  d d.  Fig.  472  shows 
the  screen  E,  which  may  be  split  at  one  side,  arranged 
as  a tube  enclosing  one  limb  of  the  filament  d.  In  order  to  produce 
the  same  effect,  the  filament  d may  have  such  a form  in  cross  section 
that  “ radiant  matter”  from  each  limb  of  the  filament  being  projected 
in  various  directions  normal  to  the  surface,  will  not  strike  the  other 
limb. 

Beeman. — Mica,  talc,  or  any  other  non-conducting  semi-transparent 
matter  of  convenient  thickness  and  size,  is  used  to  act  as  a support  for  the 
carbon  filament.  This  support  may,  by  acting  as  a non- 
conducting diaphragm,  tend  to  arrest  the  deposit  of 
carbon  particles  on  the  various  parts  of  the  filament,  and 
may  be  used  to  act  as  a reflective  surface,  either  alone  or 
in  combination  with  silvered  glass,  &c.  Figs.  473  and 
474  show  a method  of  fixing  the  shield  of  mica  or  talc 
C,  to  serve  as  a support  to  the  carbon  filament  B,  and 

to  tend  to  arrest  the  deposit  of  particles  of  carbon  from  one  portion  of  the 
filament  on  to  the  other. 

Bernstein. — This  lamp  is  illustrated  in  Fig.  475-  The  wirework  frame 
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r~  supports  the  block  of  carbon  k.  A carbon  rod  f is  pressed  against 
this  l^lock  by  means  of  the  s}>ring  and  movable  carbon 
block  I?.  The  current  enters  by  a platinum  coil  cast  in  the  neck 
of  the  lamp,  and  j)asses  to  the  blocks  h kr.  The  electrode  is  made 
of  porous  non-conducting  carbon,  which  is  coated  with  a dense 
layer  of  the  same  material,  and  treated  at  a high  temperature  in 
an  atmosphere  of  hydro-carbon  vapour. 

In  another  arrangement  proposed  by  Mr.  Bernstein  a hollow 
carbon  cylinder  is  employed  as  the  light-emitting  part  of  the 
lamp.  Referring  to  the  illustration,  the  light-giving  carbon  B 
is  made  of  a hollow  cylinder,  and  supported  at  its  ends  by  socket 
pieces  or  blocks  of  solid  carbon  C and  D.  The  conducting  wires  E and  F 
enter  the  globe  either  at  one  end,  through  the  neck,  or  at  opposite  ends,  and 
one,  E,  is  made  rigid,  whilst  the  other,  F,  is  made  flexible,  being  composed 
of  a larije  number  of  thin  wires.  Or  several  hollow  carbons  of  the  same 
length  are  su})ported  by  small  blocks  at  one  end  connected  to  the  flexible 
conductor,  and  by  a single  large  block  at  the  other  end  connected  to  A 
the  rigid  conductor.  The  cylinders  of  different  lengths  may  be  X ^ \ 
placed  in  series,  and  connected  at  the  adjacent  ends  by  carbon  blocks,  f A Yfc  | 
the  flexible  conductor  l)eing  connected  to  a block  at  one.  end  and  a 
rigid  conductor  to  each  of  the  other  blocks,  so  that,  by  means  of  a Ilf 
switch,  the  current  can  be  passed  through  one  or  any  number  of  the  \jM 
cylinders  in  series.  A large  number  of  these  lamps  may  be  connected  Fig.  476. 
in  a combined  series  and  multiple  arc  arrangement,  a switch  being  provided 
with  each  lamj),  and  so  arranged  that  the  force  of  the  current  can  be  con- 
centrated on  one  lamp  or  divided  among  a number. 

A third  proposal  of  Mr.  Bernstein  relates  to  the  manufacture  of  hollow 
carbon  cylinders,  and  to  the  manner  of  uniting  these  carbons  to  the  con- 
ducting wires.  Suitable  organic  substance,  such  as  paper,  is  cut  into 
sheets,  rolled  into  the  desired  cylindrical  form,  and  carbonised.  Preferably 
the  fabric  or  other  organic  substance  having  the  form  of  sheets,  is  cut  into 
strips ; one  side  of  the  strip  is  pasted  over  with  a carbonaceous  cement  such 
as  gum  or  paste,  and  the  stri{)s  are  rolled  upon  a core  or  mandrel  of  suitable 
size,  so  as  to  form  two  or  three  superj)osed  layers,  and  as  soon  as  the  cement 
is  dry,  the  cores  are  withdrawn,  and  the  cylinders  placed  in  iron  boxes  filled 
with  powdered  2)hmibago,  or  charcoal,  and  carbonised.  As  shown  in  Fig.  477, 
the  carbon  cylinder  is  held  in  a vertical  position  by  large  carbon  sockets  I) 
and  E,  which  connect  it  to  the  conductors  and  C.  If  a curved  hollow 
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carbon  is  desired,  knitted  or  braided  tubes  made  from  organic  fibres 
are  put  upon  cores,  covered  with  a carbonaceous  cement,  and  as 
soon  as  the  cement  is  dry,  the  cores  are  withdrawn  and  the  tubes 
are  carbonised  as  before.  The  sockets  D and  E are  provided  with 
holes  at  each  end,  one  large  to  receive  the  filament,  and  the  other 
smaller  to  receive  the  conductor,  the  two  holes  being  united  by  a 
countersunk  tapering  head  adapted  to  fit  this  countersunk  part. 

One  conducting  wire  is  connected  to  a metallic  socket,  whilst 
the  other  passes  through  a screw  in  the  centre  of  the  socket  and  termi- 
nates in  a flat  head. 

Crookes. — The  filament  is  mounted  in  the  first  place  upon  its  permanent 
support,  and  is  then  placed  with  this  support  in  a vessel  from  which  the  air 
can  be  exhausted.  Vapour  is  then  admitted,  and  the  filament  is  rendered 
incandescent.  The  lamp  bulb  is  made  in  two  parts,  the  filament  being 
mounted  on  the  one  part,  and  enclosed  in  the  chamber  described  in 
Specification  3799  of  1881  (see  Appendix),  to  adjust  its  conductivity,  the 
terminals  of  conductors  being  joined  to  the  fixed  terminals  in  the  chamber. 
The  two  parts  of  the  lamp  are  then  brought  together  and  fused,  and 
the  globe  is  exhausted  and  sealed  as  usual.  The  lamp  is  then  finished  in 
a small  machine,  where  its  neck  is  set  with  plaster  into  a wooden  cup,  the 
eonductors  passing  through  holes  in  the  bottom.  The  projection  on  the 
neck  of  the  lamp,  left  where  the  connection  with  the  air  pump  is  made,  is 
loosely  enveloped  with  paper  to  prevent  contact  between  it  and  the  plaster, 
and  is  received  in  a cavity  h in  the  cup  bottom.  The  terminals  c are  then 
screwed  down  on  to  the  conductors,  which  are  twisted  round  their  shanks. 
In  Fig.  479  the  cup  is  partly  of  brass.  The  lamp  foot  is  screwed  into  a 
socket,  its  terminals  eoming  against  horn-like  springs,  eaeh  in  the  shape  of  a 
segment  of,  say,  one-third  of  an  annulus  bent  upwards  from  the  base  to 
which  one  end  is  fixed.  Or  the  lamp  may  be  suspended  from 
a button  of  insulating  material,  provided  with  two  metal 
springs  connected  to  the  leads  and  entering  holes  in  the  lamp 
terminals.  The  lamp  may  be  suspended  directly  from  con- 
ductors passing  to  the  ceiling,  and  secured  to  the  lamp 
terminals  by  small  levers  having  cam-shaped  ends  working  in 
a slot  in  the  terminal.  The  conductors  are  laid  in  mouldings 

^ Fig.478.  Fig.  479 

along  the  ceiling,  having  removable  caps,  and  connected  to 

pieces  of  metal  on  the  side  of  an  insulating  cylindrical  boss  extending  out 

from  the  centre  of  the  rosette.  The  conductors  from  which  the  lamps  hang 
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have  their  ends  inserted  into  holes  in  the  metal  pieces,  and  a ring  or  slider 
is  drawn  over  them.  For  side  wall  connections,  two  separate  metal  studs 
are  each  jirovided  with  a slider  securing  the  conductors  into  a hole  in  the 
side  of  the  stud.  Each  circuit  is  comj)leted  through  a switch  consisting  of 
two  bent  conductors  fixed  to  a wooden  base.  One  bent  conductor  is  de- 
pressed, and  an  eye  on  the  other  part  engages  with  an  arm  on  the  first  part. 
When  the  part  having  the  eye  is  depressed  by  means  of  a button,  the  eye  is 
removed  and  the  arm  springs  back,  breaking  the  circuit. 

Defi  'ies.  —Fig.  480  shows  a section  of  a coupling  arranged  to  carry  an 
incandescence  lamp,  and  Fig.  481  a section  of  a coupling  applied  to  a swing 
pendant,  or  a ball-and-socket  joint.  The  end  of  each 
conductor  is  drawn  through  a hole  in  a plug  D of  insu- 
lating material ; one  end  being  coiled  up  into  a small 
cylindrical  coil  I and  let  into  the  centre,  or  the  end  is 
inserted  into  a short  metallic  tube  passing  through  the 
plug  D.  The  other  end  is  bent  into  a circular  coil  K 
(Fig.  481)  laid  flat  on  the  surface  of,  or  in  a groove  in, 
the  plug  and  concentric  with  the  coil  formed  by  the 
other  end,  or  the  end  may  be  connected  to  a metallic 
washer  K (Fig.  480)  inserted  into  the  plug.  The  whole  may  be  placed  in 
a casing  screwed  on  to  a suitable  fixture.  A cap  or  coupling  screwed  on  to 
fit  the  other  part  of  the  joint,  is  placed  over  the  casing.  The  other  part  of 
the  joint  consists  of  a piece  of  insulating  material  G screwed  or  fitted  to  the 
cap,  and  on  the  other  end  is  a circular  metal  })late  K of  a diameter  equal 
to  the  flat  hoop  K and  connected  to  one  conductor.  A wire  or  pin  H, 
preferably  split  and  connected  to  a second  conductor,  is  fixed  in  the  centre 
of  this  insulating  material  G concentric  with  the  metal  ring  K,  and  makes 
contact  with  the  central  coil  I.  As  shown  in  Fig.  481,  a pin  M on  the 
socket  fits  into  a groove  in  the  ball  and  prevents  the  ball  revolving  in  the 
socket  and  leaves  it  free  to  swing  in  all  directions.  Fig.  482. 

Gatehouse  and  Alabaster.- — The  filament  is  fixed  in  position  in 
the  vacuum  globe  in  the  position  shown  in  Fig.  482,  Fig.  483  being 
a plan  of  the  same.  The  slightly  thickened  ends  of  the  filaments 
have  copper  deposited  on  them,  as  at  B ; on  this  is  de})osited  a 
layer  of  other  metal,  preferably  platinum,  which  admits  of  the 
sheathed  ends  being  fused  into  the  glass.  The  external  part  J)  of 
the  filament  is  picked  out  of  its  compound  metallic  sheathing,  the 
space  being  filled  with  cement,  (U-  the  ends  of  the  wires  E may  be  Fig.  483. 
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soldered  into  the  hollow  ends.  To  do  away  with  au  outside  joint  the  wires 
soldered  into  the  hollow  ends  may  be  of  platinum  and  pass  through  into  the 
globe  in  the  neck  of  which  they  are  fused. 

Knowles. — The  carbon  filament  C,  Fig.  484,  is  supported  by  small  carbon 
cylinders  E.  It  is  cemented  into  cavities  in  the  carbons  with  a mixture 
of  bichloride  of  potassium,  platinum  black  or  sponge,  and  sugar,  or  a 
mixture  of  Indian  ink  and  platinum  or  platinum  black  or  sponge,  and 
water,  or  water  glass.  The  carbon  cylinders  are  connected  to  the  con- 
ductors by  cups  F soldered  to  the  conductors.  The  cups  F are  slit  longi- 
tudinally, and  being  of  slightly  less  diameter  than  the  carbon,  grip  it 
firmly.  The  filaments  may  be  connected  to  the  carbon  cylinders  in 
various  other  ways,  e.g.,  the  cylinder  may  be  perforated  at  both 
ends,  one  end  of  the  filament  beinof  inserted  in  one  end  and  the 
conductor  in  the  other,  or  the  carbon  cylinder  may  be  slit,  the 
ends  of  the  filament  being  passed  into  the  slit,  or  the  fila- 
ment may  be  supported  between  divided  pieces  of  carbon  set 
in  the  cup  F.  The  cup  F may  be  replaced  by  a spiral.  The 
conductors  are  passed  through  an  inverted  glass  cup  I and  the 
glass  pressed  around  them,  or  a cavity  may  be  formed  on  the  top 
side  of  the  cup,  and  the  conductors  sealed  by  cement.  The  sides 
of  the  cup  I are  pressed  down  to  the  bottom  of  a second  cup  J filled 
with  a suitable  cement.  The  lamn  is  then  exhausted  througfli  either  of  the 
tubes  B.  The  cup  J may  be  formed  on  the  cup  I by  turning  up  its  sides, 
or  a cylinder  of  india-rubber  may  be  used.  The  lamp  is  set  upon  an 
insulating  base-piece  having  on  its  under  side  metal  sectors,  connected  to  the 
conductors,  and  between  which  is  a metal  piece.  A fixture  is  provided  at 
its  upper  side  with  an  insulating  disc  into  which  metal  sectors  connected 
with  the  leads  are  set.  The  lamp  is  set  on  the  fixture  and  held  by  a pivot 
secured  by  a screw  K.  By  turning  the  lamp  round,  the  upper  and  lower 
sectors  make  contact  and  comj^lete  the  circuit,  or  the  filament  may  be  short- 
circuited  by  the  metal  })iece  between  the  upper  sectors,  or  a series  of  metal 
points. 

Edison.—Axi  inert  or  azotic  gas  is  admitted  to  the  bulb  of  the  lamp, 
and  the  supply  is  cut  off  at  a definite  pressure.  The  carbon  filament,  when 
such  is  used,  is  produced  by  the  carbonisation  under  pressure  of  any  suit- 
able organic  material,  reduced  or  not  to  an  amorphous  or  semi-amorphous 
condition,  as  is  well  understood.  Fig.  485  shows  a view  of  the  lamp,  and 
Fig.  486  shows  it  connected  with  a Sprengel  pump  D,  the  mercury  enter- 
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ing  at  b and  passing  out  at  C.  During  the  latter  }>art  of  the  operation 
the  filament  is  gradually  raised  to  a degree 
of  incandescence  higher  than  that  at  which 
it  is  intended  to  be  used.  The  inert  or  azotic 
gas  is  then  allowed  to  pass  in,  the  filament 
being  still  incandescent,  until  the  pressure 
is  sufficient,  which  is  determined  by  the  dis- 
appearance of  a blue  halo  formed  on  the 
positive  terminal,  on  the  gas  being  first 
admitted.  A Geissler  spark  gauge  is  pre- 
ferred to  determine  the  exact  point  at  which  to  seal  off  the  lamp, 
spark  gauge  is  worked  by  a constant  battery  and  an  induction  coil, 
pressure  may  also  be  determined  by  a mercurial  column,  the  pressure  for 
nitrogen  being  about  29  in.  The  gas  may  be  introduced  from  a vessel,  or 
preferably,  and  as  shown  in  Fig.  486,  disengaged  by  heat  from  a solid  such 
as  cyanide  of  mercury  or  other  suitable  substance  contained  in  a vessel  H. 
The  chamber  I contains  the  drying  apparatus. 

Fei'gusson. — In  making  the  filaments,  fibre  of  bass  wood  is  })laced  over 
the  end  of  a carbon  rod,  being  kept  from  slip2)ing  by  pins,  and  is  twisted 
about  the  rod  in  the  form  of  a double  spiral, 
and  carbonised.  If  a looped  filament  is  pre- 
ferred, the  fibre  is  placed  over  an  u})per  carbon 
rod,  beneath  which  its  ends  are  crossed,  and 
passes  under  and  over  two  outer  rods  and  down 
in  a straight  line  to  a suitable  attachment. 

The  filaments  are  attached  to  the  conductors 
by  small  hollow  carbon  cylinders.  lieferring  to 
Fig  487,  the  inner  periphery  of  the  cylinder  d 
is  slightly  convex,  and  the  upper  end  of  the 
conductor  c is  cut  out,  and  on  l)eing  pulled 
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down  firmly  wedges  the  filament  between  itself  and  the  cylinder.  As 
shown  in  Fig.  488,  the  conductors  c pass  through  the  glass  globe,  and  are 
formed  with  a loop  at  their  outer  ends,  locking  with  wires  embedded  in 
plaster-of-])aris,  one  l)eing  connected  to  the  terminal  /,  insulated  from  the 
casing,  and  the  other  to  a conducting  plate  1.  Ily  turning  the  screw  m, 
which  is  in  connection  with  the  casing,  and  thus  with  tlvc  other  terminal  f, 
the  circuit  is  completed.  In  another  arrangement,  the  plate  / is  permanently 
connected  to  the  insulated  terminal  ^ and  the  other  conductor  c to  and  on 


CJ)  eri  'll  I ; So  ward. 


435 


turning'  tliG  screw  m the  circuit  is  completed  without  passing  through  the 
filament.  A resistance  equal  to  the  lamp  is  introduced  into  the  switch 
circuit.  The  leads  may  be  arranged  within  the  hollow  fittings  of  the  lamp, 
the  holder,  on  being  screwed  into  place,  making  connection  by  means  of 
buttons. 

Cherrill. — Chemical  means  are  employed  to  obtain  the  vacuum.  A gas, 
such  as  ammonia,  is  formed  in  or  passed  into  the  bulb 
of  an  incandescence  lamp,  and  before  it  reaches  the 
pump  which  is  used  to  assist  the  process,  it  is  caused 
to  pass  through  a substance,  such  as  phosphoric 
anhydride,  with  which  it  will  combine  and  be  con- 
verted into  a non-gaseous  form.  Referring  to  Fig.  48 9> 

A is  the  bulb,  B a chamber  containing  the  phosphoric 
anhydrid  or  similar  substance,  and  d a pipe  leading  to 
the  pump. 

Soirard. — -Two  metallic  (preferably  platinum)  conductors  are  inserted 
in  a globular  or  other  shaped  glass  vessel  at  a suitable  distance  apart.  A 
carbonaceous  gas  or  vapour,  such  as  marsh  or  coal  gas,  is  introduced  into 
the  glass  vessel,  and  is  decomposed  by  the  passage  of  electric  sparks  from 
any  suitable  high  tension  electric  generator.  A slight  deposit  of  carbon 
takes  place  upon  the  end  of  one  conductor,  and  gradually  increases  until  a 
complete  bridge  is  formed.  This  bridge  forms  the  filament  to  be  used  as 
the  light-emitting  conductor.  After  exhausting  and  sealing  the  glass  vessel 
the  lamp  is  ready  for  use.  If  the  metallic  electrodes  are  made  tubular, 
a suitable  conducting  paste  is  injected  into  them,  which,  issuing  from  their 
conical  ends,  surrounds  the  ends  of  the  filament,  the  external  ends  of  the 
conductor  being  then  closed.  Fig.  490  shows  a lamp  provided  with  four 
conductors  h and  three  deposited  filaments  c.  The  filaments  may  be  formed 
m a separate  vessel  by  the  passage  of  the  electric  spark  between  highly 
purified  graphite,  and  be  attached  to  conductors  and  inserted  in  globular 
or  other  shaped  vessels.  The  conductors  pass  through  the  toj)  of 
the  glass  stem,  and  are  arranged  to  I'eceive  split  metallic  tubes 
carrying  a projecting  tongue  to  which  the  filaments  are  attached. 

The  end  of  the  conductor  is  flattened,  an  aperture  inserted 
therein,  and  coiled  into  the  form  of  a volute.  The  inner  end  is 
slightly  twisted,  and  the  end  of  the  filament  inserted  in  the  Fig. 490. 
aperture,  and  between  the  coils  of  the  volute  ; the  flattened  extremity  of  the 
inner  end  is,  when  released,  pressed  firmly  against  the  filament  and  a con- 
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ducting  })aste  of  cellulose  and  black  lead  with  a metallic  powder,  is  applied 
to  the  joint.  In  the  construction  of  lamps  used  with  filaments  prepared 
from  cellulose,  a glass  pillar  is  closed  at  one  end,  at  or  near  which,  and  also 
below  it,  is  provided  a ring  of  glass  surrounding  the  pillar,  and  held  by 
glass  arms.  The  metallic  conductors  are  bent  round  the  rings,  and  pre- 
ferably lie  in  radial  recesses  therein,  the  filaments  being  attached  to  these 
conductors  and  arranged  in  series.  The  one  lead  passes  up  to  the  top  of 
the  hollow  glass  pillar,  and  the  other  passes  through  the  funnel-shaped 
neck  of  the  pillar  to  the  lower  ring. 

Guest. — This  arranofenient  relates  to  a method  of  removiiiix  atmo- 
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spheric  air  from  the  bulb  of  the  lamp,  and  of  sealing  the  glass  without 
using  a vacuum  pump.  Referring  to  Fig.  491,  which 
is  a vertical  section,  the  glass  B,  containing  the  carbon 
filament,  is  filledwith  a hydro-carbon  or  non-inflammable 
gas  by  means  of  a fine  tube  running  up  into  the  globe, 
and  a stopper  being  a2:>plied  to  the  nozzle  /’  the  bulb 
B is  suspended  within  the  vessel  A,  the  conductors  of 
the  lamp  being  received  in  spring  holders  I formed  as 
spring  forceps  and  attached  to  slides  sliding  in  the 
standards  G.  A window  of  mica  or  glass  made  air- 
tight by  a frame  and  rubber  2)acking,  is  provided  in  the  side  of  the  vessel 
A,  or  it  may  be  made  entirely  of  glass.  The  vessel  A is  provided  at  the 
to|)  with  an  annular  trough  m containing  mercury  serving  to  seal  the  lower 
edge  of  a removable  cover  N.  A non-combustible  or  inert  gas  is  then 
introduced  within  the  vessel  A by  means  of  the  2>ipe  and  conibustil)le 
gas  by  the  2)i}je  r,  to  an  annular  orifice  around  the  cover  N,  which  cover  is 
^jreferably  hinged  to  the  vessel  A,  and  is  contracted  at  its  ip^per  end. 
The  gas  is  ignited  at  the  annular  orifice,  forming  a llanie,  as  shown  by  the 
dotted  lines,  which  kee})s  out  the  atmos2)heric  air  from  the  vessel  A.  The 
2)lug  is  then  removed  from  the  ni2)2)le /i  and  a current  [tasscs  through  the 
filament  by  way  of  the  standards  G.  When  the  whole  of  the  atmospheric 
air  has  been  dis|)laced,  the  niijple  /’  is  fused  by  means  of  a i)air  of  sjtring 
tongues  carrying  })latinum  electrodes  and  insulated  conductors  connected  to 
the  electrodes.  The  sj)ring  tongues  are  inserted  through  the  to})  of  the 
cover  N (the  handles  being  suitably  bent  away  so  that  they  will  not  be  in 
the  flanie),  and  caused  to  gri}>  the  ni|)[)le_/!  An  electric  current  is  then 
})assed  through  them,  aiid  the  elecfrodes  are  slightly  sejiarated,  forming  an 
arc  which  fuses  the  ni})})le. 


Harrison ; Sivan. 


437 


Harrison. — Metallic  pieces  of  L shape  are  sealed  in  the  neck  of  the 
bnll)  and  support  the  carbon  filament.  The  legs  are  connected  to  the  lind)s 
which  project  through  the  glass.  The  filament  is  carbonised  whilst  united 
to  an  iron  staple  in  a closed  vessel  containing  a preventive  of  oxidation.  In 
Ihg.  492  the  neck  of  the  bulb  is  elliptical  in  cross  section,  and  a slit  extends 
some  distance  down  each  side  of  its  narrow  sides.  The  carbon  filament 
attached  to  the  two  L-shaped  pieces  c,  is  inserted  into  the  bulb,  the  hooked 
ends  of  the  pieces  c resting  on  the  bottom  of  the  slits  ; the  angles  of  the 
hooks  are  coated  with  glass  before  insertion.  The  glass  is  then 
pinched  or  closed  on  the  L pieces,  and  a mandrel  held  in  the 
centre  of  the  neck.  The  tubular  part  of  the  neck  is  then  drawn 
out  to  form  a small  tube  for  exhaustion.  To  prepare  the  carbon 
filament,  a narrow  strip  of  wood  pulp  papier  is  bent  to  a U shape, 
and  its  two  ends  secured  to  a U-shaped  piece* of  iron  wire  (which  i^'s- ^92. 
may  be  made  with  a coil  in  each  of  its  limbs)  by  means  of  a paper  tube  and 
a carbonaceous  cement,  preferably  containing  a metallic  oxide.  The  filament 
is  then  carbonised  in  the  usual  way  in  a closed  vessel  supplied  with  a hydro- 
carbon gas,  or  a liquid  such  as  vaseline  or  mercury.  The  bow  of  the  iron  staple 
is  then  cut  off,  and  the  ends  of  the  L-shaped  pieces  inserted  into  the  coil,  or  the 
ends  of  the  L-shaped  pieces  may  be  slit,  and  the  straight  iron  wire  inserted. 

Swan. — Several  patents  have  been  obtained  by  Mr.  Swan  during  the 
past  two  years  in  connection  with  incandescence  lighting.  The  first  of  these, 
dated  September  15,  1882,  is  illustrated  in  Figs.  493  and  494,  and  refers  to  the 
means  of  attaching  the  lamps  to  their  sockets.  Two  peculiarly  formed  hooks 
engage  with  the  terminal  loops  of  the  lamp,  and  make  firm  contact  with  them 
independently  of  springs.  Referring  to  the  illustrations,  which  are  elevations 
at  right  angles  to  one  another,  the  wires  will  be  seen,  upon  which  are 
formed  the  hooks  If-,  under  which  the  terminal  loops  c of  the  lamp  are  passed 
and  inserted  in  the  non-conducting  body  part.  The  wires  are  continued  in 
one  or  more  coils,  which  lie  close  to  the  curve  of  the  hook, 
so  that  the  loops  c engage  between,  and  are  nipped  closely 
by,  two  or  more  contiguous  windings  of  the  coils  ; the  other 
ends  are  bent  at  right  angles  and  soldered  to  the  ends  of 
binding  screws,  to  which  the  leads  are  attached.  When 
the  lamp  is  not  pendent  from  the  holder,  spring  wires  or 
supports  /are  fixed  to  the  body  part  and  hold  the  bulb 
firmly  in  position.  In  a modification  the  body  part  is 
formed  in  two  pieces,  one  carrying  the  wires  with  the  hook  Fig.  493  Fig,  494. 
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and  coils  and  the  supports  if  required,  the  wires  being  connected  to  conduct- 
ing plates  having  ])rojections  thereon,  and  the  other  being  provided  with 
recessed  conducting  s})rings  connected  to  the  leads.  The  projections  of 
the  one  }>art  engage  with  the  recesses  of  the  other  part,  and  complete 
the  connection  between  the  two. 

In  a second  |)atent  dated  May  21,1883,  the  part  A of  the  holder.  Figs.  495 
and  496,  to  which  the  bulb  is  directly  attached,  is  provided  with 
metallic  clip  pieces  or  jaws  a which  tend  to  close  by  the  action 
of  springs,  but  can  be  jiressed  apart  by  a pusher  d.  A peg  on 
one  part  of  each  jaw  takes  into  a recess  in  the  other  part.  The 
holder  is  formed  to  give  a firm  seating  for  the  base  of  the  bulb, 
which  is  attached  by  pressing  the  pusher  so  as  to  cause  the  jaws 
to  open,  when  the  loops  forming  the  terminals  of  the  lamp  are 
passed  over  the  pegs,  and  on  releasing  the  pusher,  the  springs  c 
cause  the  jaws  to  close  together  and  grasp  the  terminal  loops. 

The  part  A is  attached  to  the  })art  B,  which  is  affixed  to  the 
bracket,  l)y  means  of  the  springs  h.  These  are  undercut  or  formed 
with  projecting  }>arts  at  their  ends,  and  engage  witli  shoulders  or  ledges 
on  opposite  sides  of  the  upper  portion  of  A,  which  portion  is  passed  into  a 
recess  on  the  part  B,  and  is  then  given  a partial  rotation.  The 
springs  h are  also  formed  with  recesses,  and  by  giving  the  part 
A a partial  rotation,  these  recesses  make  contact  with  metallic 
pins  projecting  from  the  jaws  a.  The  pins  a may  be  brought  out 
of  contact  with  the  springs,  while  the  shoulders  or  ledges  on 
A are  still  engaged  with  the  projections  on  B.  pig.  498.  Fig.  499. 

A third  patent,  of  August  13,  1883,  refers 
to  the  manufacture  of  incandescence  lamps. 

The  bulbs,  after  being  blown,  are  softened  at 
the  }>arts  where  the  holes  are  to  be  formed 
for  the  passage  of  the  terminal  wii’es,  and 
nipple  pieces  are  blown  or  drawn  at  these 
softened  parts.  The  tops  of  these  nip[)le  pieces 
are  cut  off,  leaving  the  rc(j[uisite  passages  and 
quantity  of  glass  for  fastening  the  terminal 
wires.  The  shaping  of  the  neck  of  the  bulb, 
and  the  contraction  of  the  exhausting  tube  con-^ 
nected  there\,  ith,  may  be  effected  either  before 
or  after  the  holes  for  the  terminal  wires  are 


Fig.  496. 
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made.  The  neck  is  tlien  cut,  dividing  the  bulb  into  two  portions,  one  part  X 
sliown  in  Fig.  497,  a,nd  another  portion  consisting  of  the  other  part  of  the  neck 
and  the  exhausting  tubes,  the  holes  for  the  terminal  wires  being  in  one  or  the 
other  part.  The  wires  are  then  secured  by  fusion  of  the  glass  in  their  places, 
and  the  two  parts  of  the  bulb  are  sealed  or  fused  together.  In  a modification 
perforated  cast  glass  closing  pieces,  which  fit  the  neck  of  the  bulb,  are 
employed,  the  holes  being  produced  therein  during  the  casting.  Fig.  498 
shows  a series  of  carbons  attached  to  their  terminal  wires  c,  and  held  in  a 
support  W which  prevents  them  being  injured.  They  are  removed  from 
this  support  by  a clip  or  pincers  constructed  as  shown  in  Fig.  499,  and  the 
carbons  are  introduced  as  shown  in  Fig.  497.  The  gripping  parts  t f are 
arranged  upon  central  pins  s carried  in  heads  against  which  the  parts  1 1 
are  kept  by  springs  r. 

According  to  a fourth  patent  dated  October  30,  1883,  the  globe  or 
bulb  is  formed  with  grooves,  ribs,  projections,  or  depressions,  engaging  with 
springs  on  the  holder.  As  will  be  seen  from  Fig.  500,  the  springs  h on  the 
holder  engage  with  the  recess  a in  the  neck  part  of  the  bulb.  The 
conductors  c pass  between  springs  or  spring  clips  d.  The  holder  is  shown 
constructed  as  described  in  Specification  2528  of  1883  ; the  springs  d will, 
however,  serve  to  retain  the  two  parts  of  the  holder  in  position, 
and  the  contact  parts  at  e may,  therefore,  be  rigid.  The  spiings 
h may  be  ornamental  or  concealed  by  an  ornamental  part  of  the 
holder.  The  sides  of  the  springs  h may  be  arranged  to  bear 
against  projections  on  the  bull)  to  prevent  it  being  rotated,  or 
the  depressions  may  be  made  of  a shape  to  merely  receive 
the  springs,  instead  of  as  circular  grooves.  Or  springs  are 
attached  to  the  loops,  and  their  other  ends  secured  to  a central  ^'g-  soo. 
piece  with  ear-pieces  passing  up  grooves  in  the  sides  of  the  central  hole  in 
the  covering  part  of  the  holder,  into  which  they  are  drawn  by  the  springs. 
If  the  conductors  c pass  out  at  the  sides  of  the  neck,  loops  or  knobs  on  their 
ends  engage  with  recesses  in  two  of  the  springs  h,  which  are  arranged  to 
form  part  of  the  circuit. 


End  of  Volume  II. 
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NOTE  TO  APPENDIX. 


rpHE  Abstracts  of  British  Patents  for  electrical  inventions,  commenced 
^ in  the  first  volume  of  Electric  Illumination,”  and  brought  down  to 
the  end  of  1872,  are  continued  in  the  following  pages,  and  include  notices 
of  all  applications  filed  between  the  1st  of  January,  1873,  and  the  30th  of 
June,  1882.  The  number  of  these  specifications  is  so  great,  and  in  many 
cases  the  abstracts  are  necessarily  so  extended,  that  it  has  proved  incon- 
venient to  extend  the  work  to  the  conclusion  of  1883,  when  the  new  Patent 
Law  came  into  force.  The  abstracts  of  those  patents  granted  between  July  1, 
1882,  and  December  31,  1883,  will  therefore  be  appended  to  the  third  and 
final  volume  of  “ Electric  Illumination,”  which  will  also  include  complete 
abstracts  of  United  States  electiical  patents.  The  period  now  dealt  with  is 
the  most  important  in  electrical  invention,  and  it  is  hoped  that  full  justice 
has  been  done  to  inventors,  and  that  the  abstracts  are  in  all  cases  sufficiently 
complete  to  serve  the  purpose  for  which  they  are  designed. 
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ABSTRACTS  OF  PATENTS 

RELATING  TO 

Electric  Illumination. 

Compiled  bt  W.  LLOYD  WISE. 


(For  Abridgments  of  Patent  Specifications  prior  to  1873  see  Appendix  to  “Electric  Illumination,”  Vol  I.) 


1873. 


*65. — J.  F.  Wiles,  London.  Securing  Railway 
Carriage  Doors.  4d.  January  6. 

Magneto  - Electric  Generator — The  attrac- 
tion of  an  electro-magnet  for  its  armature  is  used  to 
actuate  the  catches  which  secure  railway  carriage 
doors.  The  necessary  electric  current  for  exciting 
the  electro-magnet  is  derived  from  a magneto- 
electric generator,  driven  from  one  of  the  carriage 
axles,  and  preferably  placed  in  the  guard’s  van. 
When  the  train  comes  to  a standstill  the  current 
ceases,  and  the  catches  are  withdrawn,  allowing 
the  doors  to  be  opened. 

87. — J.  R.  Chislett,  Plymouth.  Applying  Elec- 
tricity for  Curative  and  other  Purposes. 
lOd.  (9  figs.)  January  8. 

Electro-Magnets. — The  inventor  makes  these  of 
conical  form,  by  increasing  the  number  of  turns  as 
he  proceeds  with  the  winding  from  end  to  end. 
The  core  is  made  to  consist  of  a cylindrical  bundle 
of  soft  iron  wires. 

91. — S.  W.  Konn,  London  and  St.  Petersburg. 
(A.  FT.  Lodighin,  St.  Petersburg.)  Pro- 
ducing Heat  by  Electricity.  8d.  (8  figs.) 
January  8. 

Incandescence  Lamp. — “ This  invention  relates 
to  the  production  of  heat,”  and  presumably  light, 
“ by  electricity,  by  the  employment  of  solid  stems 
of  carbon  within  hermetically  closed  vessels,  charged 


with  azotic  or  other  gas,  which  does  not  support 
combustion.”  The  carbon  stems  are  held  “by 
claws  on  pins,  the  removal  of  which  breaks  the 
contact  when  desired.”  The  electric  current  is 
provided  by  an  “electro-magnetic  apparatus,” 
preferably  Wilde’s  or  Noble’s.  Several  applications 
of  this  invention  are  described,  in  which  the  incan- 
descent carbon  is  made  to  communicate  its  heat  to 
water  or  air.  The  illustration  represents  one  form 
of  this  apparatus,  a being  a V shaped  carbon 
bridge,  and  b the  external  envelope.  No  mention 


is  made  of  adapting  this  invention  to  lighting 
purposes. 

*476. — R.  Werdermann,  London.  Purifying 
and  Refining  Metals  and  Alloys.  4d.  Feb- 
ruary 10. 

Magneto  - Electric  Generator. — The  process 
consists  in  applying  the  currents  produced  by  a 
magneto-electric  generator  to  the  purification  of 
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luetallio  bodies,  whilst  they  are  in  a molten  state. 
“To  prevent  the  development  of  heat”  in  the 
magneto-electric  generator,  “the  connecting  wires 
p;iss  through  a cooling  apparatus.  ” 

534. — C.  Owen,  London.  Signalling  in  Railway 
Trains.  4d.  February  13. 

CoNDUCTOES. — These  are  provided  with  end 
clips,  by  which  they  are  coupled  up  continuously. 
On  each  clip  are  fitted  two  eyes,  and  a stout 
spring  pressing  on  the  eyes  insures  contact.  A 
slip  coupling  is  formed  of  tw'o  telescopic  tubes. 
The  inner  tube  is  sprung  and  provided  with  a 
“tipping  p'ece,”  soldered  to  the  end,  w'hich  slips 
into  a groove  in  the  outer  tube.  The  two  tubes 
are  readily  pulled  apart  in  the  act  of  slipping  a 
carriage,  but  will  not  separate  by  the  ordinary 
motion  of  the  train. 

556. — F.  H.  Atkins,  London.  Filtering  Appa- 
ratus. 2s.  2d.  (12  figs.)  February  14. 

Magneto-Electric  Generator. — For  the  pur- 
pose of  precipitating  organic  or  other  impurities  in 
water  the  mventor  passes  through  his  filtering 
apparatus  the  currents  derived  from  a magneto- 
electric generator. 

618. — H.  Wilde,  Manchester.  Producing  and 
Regulating  Electric  Light.  lOd.  (4  figs.) 
February  19. 

Electro  - Magnetic  and  Dynamo  - Electric 
Generators. — This  relates  to  improvements  in  the 
generator  described  in  Specification  No.  842  of 
1867.  The  helices  in  which  the  currents  are  in- 
duced, instead  of  being  coiled  round  the  armatures, 
as  described  in  the  above-mentioned  patent,  “are 
coiled  round  the  extremities  of  the  iron  cores  of  the 
electro-magnets,  which  are  prolonged  for  that  pur- 
pose, or  have  iron  cores  fixed  thereto,  or  an  iron 
wheel  or  disc  (the  periphery  of  which  is  divided 
into  as  many  segments  as  there  are  electro-magnets 
in  each  circle)  is  made  to  revolve  between  the 
circles  of  stationary  electro-magnets  and  coils, 
for  the  purpose  of  generating  electric  currents.” 
The  electro-magnets  may  be  excited  by  a separate 
generator,  or  “by  the  current  from  one  or  more  of 
the  stationary  coils  in  which  the  major  current  is 
induced  through  the  intervention  of  a commutator,” 
while  the  current  from  the  remainder  of  the  coils  is 
employed  in  the  outer  circuit. 

Arc  Lamp.- — The  carbons  are  made  to  approach 
and  to  recede  from  each  other  by  means  of  a right 
and  left-handed  screw  connected  with  the  carbon 
holders.  Each  of  the  screws  can  be  actuated  inde- 
pendently of  the  other  for  the  purpose  of  keeping  a 
fixed  focus  when  the  lamp  is  used  in  conjunction 
with  any  optical  apparatus.  The  regulation  is  done 
by  hand 


Holopiiote. — A lens  or  parabolic  reflector  is 
mounted  on  a platform,  which  carries  the  lamp 
above  described.  This  platform  is  made  to  revolve 
on  a v'ertical  spindle  by  means  of  a worm  and 
toothed  wheel,  and  is  hinged  in  front  to  the  metal 
supporting  frame,  so  as  to  admit  of  an  up-and-down 
motion,  the  requisite  adjustment  being  effected  by 
a screw  at  the  back.  The  whole  apparatus  thus 
retains  whatever  position  is  given  to  it,  both 
horizontally  and  vertically,  without  the  use  of 
any  locking  instrument.  The  inventor  claims  also 
the  arrangement  of  handles,  whereby  the  above 
described  adj  ustments  are  brought  about. 

686. — F.  J.  Bolton  and  C.  E.  Webber,  London. 
Obtaining  Photometric  Measurements. 
4d.  February  24. 

Photometer. — The  inventors  state  “certain 
bodies  when  exposed  to  light  of  greater  or  less  in- 
tensity become  changed  in  their  electrical  con- 
ductivity.” According  to  this  invention  the  body 
to  be  acted  upon  by  the  light  is  placed  in  an 
electrical  circuit,  which  also  includes  an  electro- 
meter or  other  gauge  of  electrical  resistance.  The 
light  is  then  directed  on  the  said  body,  and  the 
measurement  of  altered  conductivity  furnished  by 
the  electrometer  is  taken  as  an  index  of  the  value 
of  the  light.  The  same  method  may  be  employed 
to  measure  the  comparative  transparency  of  various 
substances. 

799. — B.  Hunt,  London.  {A.  F.  C.  Reynono, 
Paris.)  Extraction  of  Iodine.  4d.  March  5. 

Electro-Magnetic  Gener.vtor. — The  current 
derived  from  an  electro-magnetic  generator  is  em- 
ployed for  the  purpose  of  decomposing  an  acidulated 
solution  of  iodates  which  compose  the  “mother 
waters  of  the  treatment  of  ‘ caliche.’  ” The  iodine 
is  thereby  separated,  and  appears  as  scales,  which 
float  on  the  surface  of  the  liquid. 

1,000. — C.  H.  O.  H.  D’Arras.  Applying  Elec- 
tro-Magnetism for  Producing  Locomo- 
tion. 4d.  March  18. 

Electro-Magnetic  Locomotive. — “This  appara 
tus  is  so  arranged  as  to  cause  a wheel  to  run  along 
a smooth  iron  rail  by  the  force  with  which  electro- 
magnets mounted  on  the  wheel  are  attracted  to  the 
rail,  which  serves  as  a fixed  armature  to  these 
magnets.”  The  electro-magnets  are  placed  radially 
so  that  their  poles  pass  through  the  tyro  of  the 
wheel  at  intervals.  A suitable  commutator  distri- 
butes the  current  to  the  electro-magnets  in  turn  as 
they  approach  the  rail,  and  cuts  olf  the  current 
when  the  electro-magnet  pole  has  reached  its  lowest 
position  and  begins  to  leave  the  rail.  When  two 
wheels  arc  fixed  on  one  axle  their  magnets  are 
arranged  so  as  to  act  in  alternating  succession. 
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Ths  source  of  electrical  “power”  might  be  fixed, 
and  the  current  “ might  be  transmitted  by  con- 
ductors laid  along  the  rails,  or  by  the  rails  them- 
selves.” In  these  cases  the  electrical  current  would 
be  communicated  to  the  magnet  coils  by  conducting 
rollers  arranged  to  run  along  the  conducting  wires, 
or  by  the  tyres  of  the  wheels  having  on  them  insu- 
lated conductors  spaced  to  correspond  with  the 
spacing  of  the  magnets. 

1,178, — H.  Highton,  London.  Electric  Tele- 
graphs. fid.  (4  figs.)  March  29. 

Electro  Magnets. — These  are  made  with  cores 
of  boiler  plate  three-quarters  of  an  inch  thick,  eight 
inches  wide,  and  ten  inches  long,  united  in  pairs  at 
one  end,  and  “wound  with  six  or  more  layers  of 
No.  Ifi  copper  wire  well  insulated  with  silk.” 

1,180. — J.  H.  Johnson,  London.  (//.  Fontaine, 
Paris.)  Magnets,  fid.  (5  figs.)  March  31. 

Magnets. — In  lieu  of  being  made  with  rigid 
bars,  these  are  formed  of  a series  of  very  thin 
flexible  blades,  united  in  a bundle,  which 
arrangement  “admits  of  a great  amount  of  mag- 
netism being  concentrated  in  a small  quantity  of 
steel.  ” The  blades  are  connected  together  by  pieces 
of  copper  or  iron.  Wii’es  may  be  used  instead  of 
steel  blades.  This  form  of  magnet  may  be  applied 
to  the  generators  of  Gramme,  Wylde,  Siemens, 
Holmes,  and  others. 

1,450. — R.  H.  Courtenay,  London.  Magneto- 
Electric  Induction  Machine.  4d.  April  22. 

Magneto-Electric  Generator.  — The  helices 
are  so  arranged  that  the  whole  of  them  are  con. 
nected  at  one  end  to  a collar  of  copper,  the  other 
ends  being  connected  with  a conducting  rod,  in- 
sulated in  the  centre.  “Through  the  method  of 
induction  used,  the  currents  are  collected  at  the 
terminals  without  break,  leakage,  or  friction,  and 
do  not  require  a commutator  to  change  them.  The 
current  is  induced  by  two  or  more  iron  wheels  ” 
“revolving  past  permanent  or  electromagnets. 
On  the  opposite  side  a series  of  helices  are  arranged 
forming  a half-circle,  which  receives  the  magnetism 
from  the  revolving  wheels  or  bars.  On  both  sides 
of  the  iron  wheels  or  bars,  a series  of  helices  are 
screwed  into  iron  plates,  between  which  plates  the 
wheels  or  bars  revolve,  one  end  of  each  helix  being 
connected  with  the  collar  before  mentioned,  the 
continuous  induction  through  the  whole  series  of 
helices  building  up  a powerful  current  of  elec- 
tricity.” A second  part  of  this  invention  consists 
in  “ collecting  from  a revolving  cylinder  of  helices, 
the  currents  generated,  into  a box  of  mercury.” 
A third  improvement  consists  in  driving  the  axle  of 
the  generator  by  means  of  a lever  connected  with  a 


flywheel,  and  to  which  fly vi  heel  is  attached  a 
smaller  wheel  by  means  of  a second  lever.  “ The 
axle  of  the  wheel  is  driven  by  an  engine  of  small 
power,  the  resistance  to  bo  overcome  being  only  the 
wheels  on  the  axles,  and  the  restraining  powers  of 
the  magnets.” 

1,558. — J.  T.  Sprague,  Birmingham.  Galvano- 
meters. 8d.  (3  figs.)  April  29. 

Galvanometers. — These  are  constructed  with 
several  circuits  having  powers  of  deflection  in- 
creasing in  definite  ratios,  as  1,  10,  100,  so  that  the 
one  graduation  serves  to  measure  all  currents.  The 
dials  are  graduated  to  measure  definite  u.iits,  or  to 
measure  practical  work,  such  as  the  weight  of 
metal  deposited  per  hour.  The  dials  are  also 
graduated  to  indicate  directly  the  resistance  of  a 
circuit  in  ohms,  by  using  a standard  battery,  and  to 
indicate  the  E.M.F.  of  a cell  by  making  the  resist- 
ance one  or  more  ohms  as  required,  and  generally 
“ to  convert  any  arbitrary  or  indefinite  scale  of 
graduation  into  the  corresponding  values  in  definite 
units.”  The  principle  of  the  construction  of  these 
instruments  is  described.  For  measuring  large  cur- 
rents, instead  of  placing  the  needle  within  the  coil, 
the  inventor  mounts  it  outside  a single  turn,  “so 
as  to  obtain  the  action  due  to  the  difference  between 
those  of  the  upper  and  lower  parts,”  and  if  necessary 
causes  a part  of  the  current  to  traverse  a second 
circuit,  “ weakening  the  effect  of  the  other  by 
being  laid  in  a reverse  direction.”  Another  plan  is 
thus  described  : — “ I mount  the  needle  upon  the 
stand,  and  surround  it  with  a single  turn  of  wire, 
as  in  a tangent  galvanometer,  but  I make  this  turn 
movable  on  an  axis  in  the  line  of  the  needle’s 
position  of  rest,  causing  the  current  to  enter  and 
leave  it  by  means  of  two  springs  which  form  the 
axis  at  one  end  of  the  frame.  As  the  conductor  is 
inclined  from  the  vertical  line,  its  effect  is  dimi- 
nished till  it  becomes  nothing  when  horizontal.” 
Vertical  galvanometers  are  provided  with  con- 
trolling magnets  “ to  supersede  the  earth’s 
influence.”  Tangent  galvanometers  are  graduated 
by  maintaining  a steady  deflection  for  a measured 
time,  whilst  the  current  is  doing  chemical  work, 
such  as  depositing  copper.  The  results  observed 
are  reduced  into  terms  of  one  chemical  equivalent 
in  grains  per  ten  hours,  from  which  the  current 
strength  is  then  calculated. 

1,713. — A.  M.  Clark,  London.  (G.  Planti,  Paris.) 

Apparatus  for  Lighting  Lamps,  &c.  fid. 

May  10. 

Secondary  Battery. — This  is  constructed  of  two 
lead  strips  coiled  helically,  and  placed  in  a glass 
vessel  filled  with  water,  acidulated  with  ten  per 
cent,  of  sulphuric  acid,  and  enclosed  in  a box,  the 
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lid  of  which  is  provided  -ndth  clips  for  holding 
platinum  electrodes.  Silver  strips  may  be  used  in 
place  of  lead.  This  battery  is  described  as  a “store 
of  power,”  and  is  applied  to  an  apparatus  for  light- 
ing lamps,  &c. 

1,845. — E,  Tyer,  London.  Signalling  on  Rail- 
ways. 3s.  4d.  (29  figs.)  May  21. 

Magneto-Electric  Generator. — Four  coils  are 
fixed  on  the  poles  of  the  permanent  magnets,  the 
centres  of  their  cores  forming  the  four  equidistant 
corners  of  a square.  Upon  each  core  is  “a  very 
thick  and  broad  iron  armature  or  horn,”  directed 
towards  the  centre  of  the  square,  and  of  such  a 
length  that,  in  describing  a circle  from  the  centre 
of  the  square,  the  ends  of  these  armatures  are 
shaped  off,  following  the  line  of  such  circle,  “at 
that  point  where  their  breadth  will  exactly  equal 
the  intervening  space  between  each  in  succession, 
thus  dividing  the  circle  into  eight  equal  parts.”  A 
rotating  armature  is  mounted  in  the  centre  of  the 
circle  with  its  two  ends  shaped  to  correspond  with 
the  curvature  of  the  armature  cores.  On  each  side 
of  this  rotating  armature  is  screwed  an  iron  plate 
of  the  same  width,  but  extending  beyond  it,  and 
overlapping  the  ends  of  the  two  opposite  armatures 
of  the  cores.  Motion  is  imparted  to  the  armature 
by  suitable  means. 

1,903. — C.  W.  Cooke,  London.  Winding  Elec- 
tro-Magnets with  Insulated  Wires.  lOd. 

(5  figs.)  May  27. 

Electro-Magnets. — This  invention  relates  to  an 
apparatus  for  winding  insulated  wires  on  cores,  and 
consists  of  a sheave  clamped  on  the  core  with  arms 
carrying  bobbins,  and  guide  pulleys  fitted  to  revolve 
round  the  said  sheave.  The  guide  pulleys  are 
arranged  so  as  to  be  in  an  electrical  circuit,  with  an 
indicator  which  gives  warnuig  of  a defect  in  the 
insulation  of  the  wire. 

1,970. — M.  Evans,  Glasgow.  Apparatus  for 
Signalling,  &c.,  in  Railway  Trains.  Is.  fid. 
(31  figs.)  May  31. 

Magneto  - Electric  and  Dynamo  - Electric 
Generator.^ — For  signalling  in  trains  the  inventor 
employs  steel  permanent  magnets  or  soft  iron 
magnets,  having  slight  residual  magnetism,  which 
are  placed  round  one  or  more  axles  of  the 
carriages,  and  these  acting  on  soft  iron  cores,  or 
bobbins  covered  with  insulated  wire,  generate 
electricity  through  the  motion  of  the  train.  The 
magnets,  instead  of  being  on  the  axles  of  the 
vehicles,  may  be  driven  therefrom  by  suitable 
gearing.  Several  forms  of  this  generator  are  illus- 
trated and  described.  In  the  accompanying  figure, 
B B are  two  of  four  electro-magnets,  and  A is  a 
Gramme  ring  in  connection  with  the  studs  a, 


which  form  the  commutator.  The  current  is  led 
off  by  a spring  at  each  side,  pressing  against  these 


studs.  One-half  the  current  is  used  for  exciting  the 
field  magnets. 


2,006. — C.  W.  Siemens,  London.  {IF.  Siemens 
and  F.  Von  H.  Alteneck^  Berlin.)  Producing 
and  Regulating  Electric  Currents.  Is.  lOd. 
(17  figs.)  June  5. 

Dynamo-Electric  Generators. — “ Between  the 
poles  of  one  or  more  magnets  or  electro-magnets  is 
fixed  an  iron  cylinder,  leaving  a space  between  its 
periphery  and  the  faces  of  the  magnetic  poles,  which 
are  hollowed  out  to  a cylindrical  form  concentric 
with  the  said  cylinder.”  In  this  annular  space  a 
cylindrical  shell  of  light  metal  or  other  material  is 
caused  to  revolve  by  mechanical  power  around  the 
axis  of  the  cylinder.  “ On  this  shell  is  wound  insu- 
lated wire,  in  a direction  parallel  to  the  axis,  such 
wire  crossing  the  ends  of  the  shell  from  the  outer 
periphery  thereof  on  one  side,  to  the  outer  peri- 
phery on  the  other  side.  There  may  be  several 
such  wire  coils,  each  covering  an  arc  of  the 
periphery  on  each  side  of  the  shell.  The  ends  of 
the  wires  constituting  each  coil  are  connected 
respectively  to  pieces  of  metal,  rollers,  springs,  or 
brushes  of  conducting  material,  which  are  insulated 
from  one  another,  but  which  in  their  rotation  with 
the  shell  and  coils  bear  successively  against  two 
stationary  conductors  insulated  from  each  other, 
which  constitute  the  poles  of  the  machine.  On 
causing  the  shell  with  its  coils  to  rotate  by  mecha- 
nical force,  currents  of  electricity  are  generated  in 
the  coils  as  they  successively  pass  the  fixed  magnetic 
poles,  and  by  properly  arranging  the  conductors 
from  these  several  coils  in  relation  to  the  poles  of 
the  magnet,  and  to  the  conductors  on  which  they 
bear  in  their  rotation,  these  electric  currents  are 
transmitted  througli  any  conductor  connecting  the 
poles  of  the  machine.”  The  currents  may  bo  made 
either  continuous,  intermittent,  or  alternating. 
“ The  inner  iron  cylinder  may  itself  be  rendered 
magnetic  by  coiling  on  it  longitudinally  an  insu- 
lated electric  wire  in  the  manner  of  what  is  known 
as  Siemens’  I'otating  armature,  and  in  this  case  the 
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outer  magnets  might  be  dispensed  with.”  The 
inner  iron  cylinder  might  be  made  to  rotate.  The 
separate  shell  for  receiving  the  wire  could  then  be 
dispensed  with,  the  wire  being  coiled  longitudinally 
on  the  rotating  iron  cylinder  itself.  The  wire  may 
be  coiled  on  the  shell  in  two  layers.  A greater 
number  than  two  magnetic  poles  may  be  made  to 
surround  the  above  described  cylindrical  armature. 
To  avoid  sparking,  the  sections  of  the  commutator 
are  made  elastic,  so  that  they  can  yield  to  the 
spring,  brush,  or  roller  under  which  they  pass,  and 
thereby  remain  longer  in  contact.  The  field  mag- 
nets are  excited  Ijy  the  current  from  the  generator 
itself  or  from  any  other  source.  This  generator 
may  be  employed  to  produce  the  electric  light  in  a 
suitable  lamp,  and  by  transmitting  electric  currents 
through  the  generator  it  becomes  an  electro-motor. 


Fig.  1 is  a longitudinal  section  of  a generator  con-  ' 


structed  in  accordance  with  this  invention.  A A 
are  the  field  magnets,  B is  a fixed  spindle,  which 
sujiports  the  iron  cylinder  C.  S is  a shell  sup- 
ported on  the  discs  s s,  bored  so  that  they  can 
revolve  freely  on  the  spindle  B,  and  provided  with 
the  driving  pulley  P.  On  the  shell  S are  wound 
logitudinally  the  coils  of  insulated  wire  W,  the  ends 
of  each  of  which  ai-e  brought  through  the  journal 
D and  connected  to  the  commutator  F.  Fig.  2 
illustrates  diagrammatically  a method  of  connecting 


the  ends  of  the  armature  coils,  when  such  coils  are 
in  duplicate,  a,  b,  c,  d,  e,  f,  g,  h are  the  commutator 
sections  to  which  the  ends  of  the  coils  marked 
respectively  1,  2,  3,  &c.,  and  IS  2\  3^  are  attached. 
The  line  of  connection  is  1,/,  4',  4 g,  6S  6,  h,  SS  8,  a, 
2,  2S  b,  3,  3\  c,  5,  5\  d,  7,  7\  e,  F back  to  1.  A 
pair  of  brushes  rub  one  on  each  side  of  the  commu- 
tator when  the  coils  are  thus  connected. 

Arc  Lamp. — The  carbon  points  are  made  to 


approach  or  recede  from  one  another  by  the  action 
of  the  electric  current  itself.  The  principle  of  tliis 
lamp  is  the  differential  action  of  two  magnets,  one 
havmg  a thick  wire  coil  in  the  main  circuit  and  the 
other  a fine  wire  coil  in  a shunt  circuit.  The  lamp 
is  adapted  for  use  with  either  continuous  or  alter- 
nating currents.  The  above  generator  and  lamp 
will  be  found  very  fully  described  in  “ Electric 
Illumination,”  Vol.  I.,  pages  278  and  406.  The 
inventors’  claims  are  : — A generator,  in  which 
“ a shell  coiled  longitudinally  with  insulated  con- 
ducting wires  on  its  outside  is  made  to  revolve  in 
the  annular  space  between  fixed  external  magnetic 
poles  and  a fixed  internal  cylinder  of  iron  v liich  may 
beindependentlymagnetised.”  Agenerator  in  which 
the  wire  “ is  coiled  longitudinally  over  the  external 
surface  of  an  iron  cylinder  which  is  made  to  re- 
volve w’ithin  magnetic  poles.  The  use  of  a rotating 
shell  coiled  both  externally  and  internally  in  com- 
bination with  fixed  external  or  internal  magnets.” 
The  method  of  winding  the  armature.  The  use  of 
springs  for  the  commutator  sections.  The  use  in 
an  electric  lamp  of  ‘ ‘ two  electro-magnets  working 
a wheel  in  opposite  directions  by  means  of  pawls, 
such  magnets  being  rendered  active  or  inert  accord- 
ing as  the  electrical  resistance  varies.”  The  use  in 
electric  lamps  of  “ one  electro-magnet  working  by 
a pawl  a wheel  in  opposition  to  a weight  or  spring, 
the  said  magnet  being  rendered  active  or  inert 
according  as  the  electrical  resistance  varies.” 

*2,015. — A.  V.  Newton,  London.  [J.  D.  Wallace, 
New  York.)  Electro-Magnetic  Engines 
or  Motors.  4d.  June  5. 

Motor. — This  invention  consists  in  the  construc- 
tion of  magnets  of  ‘ ‘ broken  annular  sections,  ” and 
includes  also  a “ novel  operation  of  a permutator” 
whereby  the  motor  is  controlled.  “The  fixed 
magnets  are  rectangular  bars  whose  breadths  should 
be  to  their  lengths  as  two  to  three.  Within  a 
circle  of  these  is  mounted  a similar  series  of 
magnets  upon  flanged  plates,  secured  to  a central 
driving  shaft.”  One  end  of  “ the  coils  of  this  series 
is  electrically  connected  with  their  several  cores, 
and  the  other  ends  of  the  coils  are  attached  to 
a ring  which  is  itself  connected  v ith  an  insulated 
rod,  centred  in  the  driving  shaft.”  The  ends  of 
the  coils  last  mentioned  communicate  with  one 
section  of  a “ permutating  wheel  ” mounted  on  the 
driving  shaft,  and  the  other  section  of  this  wlieel  is 
connected  to  the  opposite  ends  of  the  coils  through 
the  insulated  rod.  A pair  of  “ current  wheels,” 
mounted  on  rocking  levers,  embrace  the  permutator, 
and  convey  to  it  the  current.  The  levers  are 
actuated  by  a sector  gearing  with  a worm,  the  turn- 
mg  of  which  adjusts  the  wheels  relatively  to  the 
permutator.  A pole  changer  is  used  to  reverse  the 
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motor.  The  course  of  the  current  is  through  the 
fixed  magnets  and  one  current  wheel  to  the  per- 
mutator,  thence  to  the  movable  magnets,  back  to 
the  permutator,  and  out  by  the  second  current  wheel. 
The  winding  of  the  magnet  coils  is  arranged  so  as  to 
give  opposite  polarities  to  any  two  magnets  in 
juxtaposition. 

*2,077. — W.  Rowett,  Liverpool.  Electric  Tele- 
graph Cables  or  Ropes.  4d.  June  11. 

Conductors. — This  relates  to  the  use  of  manilla 
or  hemp  in  place  of  jute  for  covering  insulated 
electrical  conductors,  whereby  the  strength  of  the 
cable  is  increased.  It  is  preferred  to  adapt  the 
invention  to  several  insulated  conductors,  laid 
parallel,  and  secured  with  a serving  of  tape,  in  the 
interstices  of  which  the  hempen  lines  are  laid.  The 
core  thus  prepared,  maybe  preserved  by  “ Rowett’s 
well-known  ” compound,  and  is  further  improved 
by  being  put  together  w ith  “ Eowett’s  preserving 
elastic  marine  glue.”  The  conductor  may  be  simply 
enveloped  in  hemp  prepared  with  the  above-named 
marine  glue,  w ithout  other  insulating  material. 
The  strength  of  the  cable  may  be  increased  by 
forming  the  strands  of  “ w'rong-way  yarn,”  applied 
from  conical  bobbins  so  as  to  “ keep  the  turn  in  the 
yarn.” 

2,091. — H.  A.  Bonneville,  Paris  and  London, 
(ir.  Badde,  Nnv  York.)  Conductors  for 
Telegraph  Wires.  Is.  (4  figs.)  June  13. 

Conductors. — An  insulated  bridge,  enclosed  in  a 
box,  forms  the  connecting  link  between  sections  of 
pipes  which  enclose  one  or  more  conducting  wires, 
in  such  a manner,  that  by  opening  the  box,  access 
can  be  had  to  the  wares.  Another  part  of  the  in- 
vention relates  to  a pipe  containing  a series  of 
insulated  passages,  separated  from  each  other  and 
from  the  enclosing  shell  by  a layer  of  cement, 
bitumen,  or  other  suitable  material.  Each  passage 
takes  a conducting  wire. 

2,266.  — G.  Zanni,  London.  Telegraphic  Ap- 
paratus. Is.  (8  figs.)  June  30. 

Magneto-Electric  Generator.^ — This  invention 
relates  to  a “magneto-electric  Morse  ink  printing 
telegraphic  apparatus.”  The  generator  consists  of 
a Siemens  armature  placed  between  the  poles  of  a 
compound  circular  permanent  magnet.  The  arma- 
ture is  rotated  by  clockwork. 

2,302. — W,  R.  Lake,  London.  {11.  T.  Brovmell, 
Hartford,  Connecticut,  U.S.A.)  Plating 
Metals.  4d.  July  2. 

Conductor-S. — Wires  are  nickel-plated,  and  then 
subjected  to  a temperature  of  from  480“  to  700° 


Fahrenheit  which  ‘ ‘ unites  and  incorporates  the  two 
metals.”  A permanent  inoxidisable  surface  is  thus 
obtained. 

2,618. — F.  A Palmer,  New  York  and  London. 
(G.  Gaumi,  New  York.)  Electro-Magnetic 
Engines,  fid.  (2  figs.)  August  2. 

Motor. — The  object  of  this  invention  is  to  avoid 
the  “pull  back  ” or  retardation  which  is  such  an  ob- 
jection in  motors  of  the  usual  construction.  Two 
frames  are  united  below  by  three  bars,  each  of 
which  supports  a horseshoe  electro-magnet  in  an 
inclined  position  as  regards  the  radial  lines  drawn 
from  the  centre  of  a shaft,  wdiich  runs  in  bearings 
in  the  upper  part  of  the  side  frames.  Each  of  the 
electro-magnet  coils  is  joined  by  one  end  to  an  in- 
sulated terminal,  which  receives  a wire  leading  to 
the  negative  pole  of  the  source  of  current.  The 
wire  from  the  positive  pole  is  connected  with  the 
frame  of  the  motor.  A wheel  attached  to  the  shaft 
carries  four  armatures,  which,  as  the  wheel  revolves, 
come  close  to  and  between  the  poles  of  the  fixed 
magnets.  The  armatures  consist  of  “ a central  bar 
attached  at  its  centre  to  the  face  of  the  wheel,  and 
having  crossheads  formed  upon  them,  about  mid- 
way between  its  centres  and  ends,  said  crossheads 
having  short  arms  or  bars  formed  upon  their  ends, 
parallel  with  the  central  bar,  and  the  ends  of  which 
project  to  equal  distances  upon  the  outer  and  inner 
sides  of  said  crossheads.  Armatures  thus  con- 
structed are  found  to  be  free  from  retardation 
or  ‘pull  back.’”  A suitable  commutator  with 
contact  wheels  distributes  the  currents  to  the 
magnets  at  the  right  time.  The  above  described 
armatures  only  are  claimed. 

2,656. — W.  R.  Lake,  London.  [F.  L.  Pope,  New 
Jersey,  U.S.A.)  Railway  Signal  Apparatus. 
Is.  lOd.  (13  figs.)  August  7. 

Magneto-Electric  Generator. — One  form  of 
generator  consists  of  an  armature  of  H section, 
having  upon  it  a coil  of  insulated  wire.  Currents 
are  induced  in  this  coil  when  the  armature  is  made  to 
vibrate  between  the  poles  of  a compound  permanent 
horseshoe  magnet.  The  otlicr  form  of  generator, 
described  and  illustrated,  is  designed  to  be  driven 
by  a weight  and  cord,  is  an  ordinary  Siemens’ 
armature,  rotating  between  the  poles  of  a battery 
and  of  permanent  horseshoe  magnets. 

2,870. — J.  B.  Stearns,  Boston,  U.S.A.  Electric 
Telegraph  Apparatus.  lOd.  (10  figs.) 
September  1. 

Secondary  Battery. — The  inventor  employs  a 
secondary  battery  “ composed  of  many  jilates  of 
one  metal  (and  sometimes  called  Ritter’s  pile)  ” as 
a substitute  for  a condenser,  for  the  purpose  of  ob- 
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viating  ths  disturbances  of  telegraphic  instruments 
due  to  induction  or  static  charge.  The  invention  is 
especially  of  use  in  systems  of  duplex  telegraphy. 

2^969. — W.  Moseley,  Manchester.  Electrical 

Signal  Apparatus.  Is.  lOd.  (59  figs.) 

September  10. 

Conductors. — Wires  are  sewn  or  woven  in  be- 
tween strong  tapes,  saturated  with  a mixture  of 
gum  and  and  boiled  linseed  oil.  The  tapes  can  be 
secured  to  a wall  surface  by  nailing,  without  the 
use  of  staples.  “ Highly  insulated  wires  ” are 
covered  preferably  with  three  layers  of  pure  india- 
rubber,  over  which  cotton  or  hemp  is  applied,  and 
the  whole  is  then  immersed  in  a solution  of  equal 
parts  of  gum  and  boiled  oil.  When  this  coating  is 
dry,  a wrapping  of  metal  ribbon  or  tape  is  added. 
This  last  covering  should  consist,  by  preference,  of  a 
strip  of  tinned  copper,  which  is  drawn  over  the 
insulated  wire,  and  passed  through  molten  tin,  in 
order  to  unite  the  overlapping  edges. 

In.sulators. — These  are  constructed  of  an  earth- 
enware disc-shaped  top  portion,  to  which  is  fixed 
cylindrical  ebonite  extension  downwards,  forming 
the  bell.  The  ebonite  cylinder  is  applied  warm, 
in  an  expanded  condition,  and  is  secured  by  marine 
glue,  or  other  cement.  A vaidety  of  forms  of  insu- 
lators for  special  purposes  are  illustrated  and  de- 
scribed. 

*3,078. — S.  J.  Moore  and  R.  H.  Courtenay, 
London.  Electro-Motor.  4d.  September  19. 

Motor. — The  electro-magnets  are  constructed 
each  in  four  parts,  the  poles  of  which  are  movable, 
working  in  grooves  forming  part  of  the  supporting 
frame.  The  stationary  portions  of  the  magnets 
have  solid  iron  cores,  and  the  movable  portions 
have  tubular  poles  in  which  springs  are  inserted  for 
the  purpose  of  connecting  electrically  the  movable 
and  fixed  portions  of  the  magnets.  The  magnet 
coils  are  connected  to  the  grooves  of  gun-metal,  in 
which  the  movable  parts  of  the  magnets  slide 
in  order  to  complete  the  circuit,  and  thereby 
“ effect  the  transmission  of  an  equivalent  amount  of 
magnetism  in  proportion  to  their  size  to  the  poles, 
as  in  the  ordinary  form  of  fixed  magnets.”  The 
sliding  tubes  of  the  movable  magnets  ‘ ‘ terminate 
at  the  poles  of  the  same,  and  communicate  with 
suitable  keepers  divided  by  an  insulator,  so  as  to 
keep  the  currents  of  magnetic  forces  separate.”  In- 
sulators are  employed  “to  keep  the  magnets 
isolated  from  deterrent  or  absorbent  forces.”  The 
current  is  transmitted  to  the  motor  by  “ a commu- 
tator worked  by  a spring”  or  by  hand,  “ so  that  the 
whole  power  generated  may  be  under  control  and 
regulated  to  work  with  the  greatest  accuracy.” 


3,083.— A.  Wilkinson,  London.  Coating  and 
Preserving  Telegraph  Wires,  &c.  4d.  Sep- 
tember 19. 

Conductors. — ^The  wires  are  first  cleaned  and 
then  passed  through  a bath  of  Brunswick  black  or 
gutta-percha,  diluted,  after  which  they  are  covered 
with  fibres  which  have  been  prepared  with  a mix- 
ture of  white  lead,  pitch,  japan,  shellac,  tallow, 
naphtha,  and  linseed  oil.  After  being  dried,  the 
wires  are  passed  through  a bath  of  the  above  com- 
pound, and  then  receive  a final  coating  of  white 
lead.  Two  or  more  wires  thus  prepared  may  be 
united  in  a cable,  which  may  be  sheathed  with 
metal  wires,  tube,  or  strips. 

3,088. — J.  Fottrell,  Dublin.  Composition  for 
the  Manufacture  of  Pipes  and  Conduits. 
4d.  September  20. 

Insulators.— These  are  made  from  a material 
consisting  of  sand  or  finely  powdered  stone,  mixed 
with  shale  oil,  Trinidad  bitumen,  and  bituminous 
rock,  in  suitable  proportions. 

3,461. — W.  E.  Newton,  London.  (J.  S.  Camacho, 
Havana.)  Electro-Magnets.  6d.  (2  figs.) 
October  24. 

Electro-Magnets.  “ This  invention  consists  in 
constructing  an  electro-magnet  of  a series  of  con- 
centric tubes,  all  of  which  are  of  equal  length  ; 
each  tube  being  surrounded  by  one  or  more  coils  of 
insulated  conducting  wire.” 

3,736. — W.  Darlow  and  H.  Fairfax,  London. 
Magneto-Electric  Apparatus  for  Curative 
and  other  Purposes,  fid.  (3  figs.)  Nov- 
ember 18. 

Magneto-Electric  Generator. — A series  of 
electro-magnets  are  arranged  helically  upon  a 
spindle  which  is  rotated  by  hand  or  clockwork,  in 
front  of  a series  of  fixed  permanent  magnets.  The 
electro-magnets  may  be  encased  in  an  enamelled 
cylinder,  provided  with  rubbers,  by  which  frictional 
electricity  may  be  combined  with  magneto-electrical 
currents.  It  is  not  quite  clear  how  the  currents 
are  led  off  from  the  generator. 

*3,780.  — W.  Hooper,  London.  Telegraph 
Cables.  4d.  November  20. 

Conductors. — An  insulating  material  for  coating 
conductors  consists  of  the  “ foots”  of  cotton  seed 
oil,  or  other  vegetable  drying  oil,  which  is  oxidised 
by  treating  it  whilst  hot  with  nitric  acid,  and  hard 
pitch  obtained  from  the  distillation  of  cotton  seed 
or  other  vegetable  oil.  This  compound  is  sufficiently 
fluid  for  use  at  a little  over  300  deg.  Fahr.,  and  it 
may  be  applied  to  conductors  direct,  or  over  an 
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insulating  covering  of  india-rubber.  Fibrous  yarns 
used  in  electrical  cables  may  be  saturated  with  this 
material  to  render  them  non -absorbent. 

3.862.  — M.  Gray,  London.  Insulating  Under- 
ground Telegraph  Wires.  lOd.  (2  figs.) 
November  26. 

Conductors. — To  maintain  the  insulating  pro- 
perty of  gutta-percha,  when  it  is  employed  as  a 
covering  for  underground  electrical  wires,  the 
inventor  proposes  to  enclose  such  wires,  in  a con- 
tinuous length  of  cast-iron  pipes,  capable  of  con- 
taining water  sufficient  to  keep  the  insulated  wires 
immersed.  At  given  distances  testing  boxes  are 
provided.  These  boxes  have  an  elastic  diaphragm 
through  which  the  wires  are  threaded,  and  by 
which  means  access  is  gained  to  their  ends  when 
the  box  cover  is  removed,  without  the  necessity 
of  drawing  off  the  water  contained  in  the  pipes. 

3.863.  — M.  Gray,  London.  Insulating  Under- 
ground Telegraph  Wires.  lOd.  (3  figs.) 
November  26. 

Conductors. — Naked  underground  wires  are 
supported  by  stretching  them  through  perforated 
blocks  of  insulating  material  fixed  at  suitable 
intervals  in  a continuous  length  of  pipes,  which  are 
made  as  far  as  practicable  air-tight.  Dry  air  is 
then  passed  through  such  pipes  to  remove  the 
moisture  therefrom. 

3,997. — W.  Hooper,  London,  and  J.  M.  Dunlop, 
Windermere,  Westmoreland.  Telegraph 
Cables.  4d.  December  4. 

Conductors. — This  invention  is,  in  the  main, 
identical  with  that  described  in  No.  3780  of  1873,  but 
in  addition  relates  to  the  use  of  a material  termed 
“ondroic,”  obtained  from  the  distillation  of 
stearine,  for  the  same  purpose  for  which  the  soft 
pitch  of  cotton  seed  oil,  mentioned  in  the  former 
patent,  was  employed. 

*4,079. — W.  Rowett,  Liverpool.  Electric  Tele- 
graph Cables  or  Ropes.  4d.  December  11. 

Conductors. — This  specification  is  almost,  word 
for  word,  a repetition  of  No.  2077  of  1873. 

4,167. — C.  L.  Madsen,  Copenhagen  and  London. 
Electric  Telegraph  Cables.  4d.  December 
18. 

Conductors. —Metallic  conductors  are  sur- 
rounded with  an  insulating  compound  composed  of 
w'ax,  resin,  paraffine,  and  turpentine.  Small  pro- 
portions of  fats  may  be  added  to  render  the  material 


harder  or  softer  as  required.  Cables  are  made 
thus: — Tapes  of  fibrous  materials  saturated  with  the 
above  compound  are  applied  to  the  conductor,  and 
over  them  may  be  a coating  of  a compound  consist- 
ing of  Stockholm  pitch,  wax,  and  tallow,  and  over 
this  again  may  be  another  layer  of  tape  saturated 
with  the  first-named  compound.  The  process  of 
working  is  described  in  detail. 

4,171. — G.  S.  de  Capanemb,  Rio  de  Janeiro.  In- 
sulators. lOd.  (17  figs.)  December  19. 

Insulators. — These  are  made  entirely  of  glass, 
porcelain,  or  other  suitable  non-conducting  mate- 
rial, of  single  or  double  bell-shape,  supported  on  a 
central  stem,  the  crown  of  the  bell  projecting  above 
such  stem  without  any  metal  hood.  In  the  upper 
face  of  this  projecting  crown,  a chase  or  groove  is 
formed  to  receive  the  wire,  such  groove  extending 
diametrically  across  the  crown.  The  middle  of  the 
groove  is  widened  out  for  the  reception  of  a ball  or 
collar  on  the  wire.  The  groove  tapers  to  a greater 
width  from  the  central  widened  part  outwards  to 
allow  for  the  swing  of  the  wire  when  laid  in  the 
groove.  The  wires  have  collars  of  cylindrical, 
spherical,  or  other  shape,  cast  upon  them  at  the 
required  intervals,  an  instrument  resembling  a 
bullet  mould  being  used  for  the  purpose,  and  these 
collars  are  laid  in  the  widened  part  of  the  groove 
in  the  insulator,  whereby  the  wire  is  prevented 
from  being  pulled  in  either  direction.  In  some 
cases  a pin  is  passed  through  the  crown  of  the 
insulator  above  and  at  right  angles  to  the  wire  to 
further  secure  it. 

*4,193. — J.  Rubery,  London.  Telegraphic  Wires 
or  Conductors.  4d.  December  20. 

Conductors. — A hardened  and  tempered  steel 
i wire  is  coated  with  an  electro  deposit  of  copper, 
and  may  be  subsequently  insulated  with  a covering 
of  india-rubber,  gutta-percha,  or  other  material. 

4,277. — H.  Highton,  Putney.  Electric  Tele- 
graphs. 6d.  (5  figs.)  December  30. 

Electro-Magnetic  Generators.— In  order  to 
“ multiply  the  power  of  a current  at  the  end  of  a 
cable  or  telegraph  line,”  the  inventor  makes 
it  circulate  round  the  field  magnets  of  a small 
generator,  having  an  ordinary  Siemens  armature, 
which  is  rapidly  rotated  by  suitable  means,  and 
thereby  producing  a “secondary  current  which 
will  act  more  powerfully  than  the  original  lino 
current.” 


1874. 

94. — W.  E.  Newton,  London.  (/.  B.  Stone,  Boon- 
ton,  New  Jersey,  U.S.A.)  Electro-Magnets. 
lOd.  (4  figs.)  January  7. 

M0TOR.S.  — This  invention  relates  to  rotary 


motors  in  which  the  magnetic  pull  is  obtained  by 
consecutive  action  consequent  on  the  unequal 
division,  as  regards  number,  of  the  fixed  and 
moving  magnets,  and  consists  in  constructing  the 
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magnet  poles  comigateil  on  their  opposed  faces, 
so  as  to  give  “ largely  increased  acting  surfaces  ” to 
tlie  magnets  as  compared  with  plain  faced  ones. 
The  frame  for  the  fixed  magnets  and  the  shaft  for 
the  moving  ones  are  both  “made  of  magnetic 
metal,  whereby  the  contiguous,  fixed,  and  moving 
magnets  are  changed  (when  magnetic)  and  attract 
each  other  consecutively  into  (as  regards  effect  or 
action)  a |J  form  of  magnet  with  the  opposite  poles 
attracting  each  the  other,  and  constituting  a (J 
magnet  with  its  one  pole  fixed  and  its  other  pole 
movable.  ” The  cores  of  the  fixed  magnets  are  cast  in 
one  piece  with  the  side  frames,  and  those  of  the  mov- 
able magnets  with  their  hub.  The  commutator  s 
a disc  with  contact  pieces  forming  the  terminals  of 
the  moving  magnets,  which  pieces  come  in  con- 
tact with  spring  “fingers”  insulated  from  the 
frame  of  the  motor,  but  electrically  connected  to 
the  coils  of  the  fixed  magnets.  The  other  ends  of 
the  fixed  magnet  coils  join  a common  return  wire, 
and  the  other  ends  of  the  revolving  magnet  coils 
make  contact  with  the  revolving  shaft  by  which  the 
current  enters  the  motor. 

124. — E.  T.  Truman,  London.  Insulated  Tele- 
graphic Conductors.  (6d.)  January  9. 

CoXDx:cTOR.s. — This  relates  to  improvements  in 
the  machinery  for  covering  conductors  with  insula 
ting  material,  described  in  Siiecification  Xo.  482  of 
1872.  In  order  to  impart  a uniform  rotation  to  the 
wire,  instead  of  rotating  the  carrying  and  receiving 
drums,  the  wire  is  drawn  aside  into  a loop,  and  is 
tlien  caused  to  rotate  around  its  line  of  travel. 
.Joints  in  stranded  conductors  are  made  “ in  the 
manner  in  which  sailors  splice  a roiie,”  and  solder- 
ing is  dispensed  uith.  A hinged  mould  is  then- 
applied  to  tlic  joint,  into  which  plastic  gutta-percha 
is  forced.  This  invention  also  relates  to  improve- 
ments in  the  “ filling  machine,”  described  in 
Specification  Xo.  78  of  1870.  A hopper  receives  the 
insulating  material,  and  in  this  hopper  is  a screw 
which  delivers  the  material  to  another  screw, 
working  in  a cylinder,  provideil  with  a suitable 
outlet.  The  combined  effect  of  the  two  screws  is  to 
secure  regularity  in  the  delivery  of  the  material. 
This  invention  further  relates  to  improvements  on 
the  gutta-percha  washing  machine  described  in 
Specification  Xo.  41  of  1870.  These  consist  in  pro- 
viding means  for  closing  or  partly  closing  the 
openings  in  the  outer  cylinder,  so  as  to  render  the 
escape  of  material  in  the  raw  state,  and  in  any 
small  pieces  impossible  until  agglomeration  has 
taken  place. 

265. — E.  H.  C.  Monckton,  Fineshade,  Xorthamp- 
tonshire.  Magnetic  Engines.  2s.  2d. 
(17  figs.)  January  21. 

CoxurcTORS. — A cheap  preparation  for  insulating 


conductors  consists  of  sulphur,  or  a mixture  of  9.5 
per  cent,  sulphur,  and  5 per  cent,  of  yellow  orpi- 
ment,  or  white  arsenic,  combined  with  fibrous 
material,  ami  solutions  of  shellac  and  silk,  in  com- 
bination with  filjrous  materials  are  also  employed. 
A cable  may  be  made  by  coating  iron  wires  with 
“sulphur  ointment,”  and  winding  round  them  an 
insulated  copper  wire.  The  conductor  thus  pre- 
pared is  surrounded  with  one  of  the  above  described 
sulphur  compositions,  applied  by  preference  to  a 
woollen  cloth,  which  is  wound  on  helically.  The 
central  iron  wire  thus  becomes  an  electro-magnet 
‘ ‘ of  enormous  length  and  also  of  considerable 
power.”  There  is  “ no  tendency  for  the  electricity 
to  escape,”  as  the  “two  wires  forming  the  cable  are 
both  better  conductors  than  water.” 

Magxet.s. — The  inventor  states  that  “long  mag- 
nets being  eomparatively  speaking  thin,  must 
necessarily  have  thin  poles  ; these  must  therefore 
be  secured  to  large  and  solid  pieces  of  soft  iron.” 
Very  long  magnets,  in  order  to  save  room,  “ may 
be  insulated  and  buried.  ” Coils  of  electro-magnets 
which  have  to  convey  high  tension  currents,  are 
made  by  “winding  the  wires  in  separate  lengths 
in  opposite  directions,  commencing  each  helix  by 
coiling  it  from  its  bottom  next  the  magnet  upwards, 
and  leaving  either  a clear  air  space,”  or  j)lacing 
insulating  materials  betw  een  each  coil.  ‘ ‘ The  top 
ends  of  each  pair  of  coils  are  united  by  themselves, 
and  the  bottom  ends  by  tliemselves.”  By  another 
method  of  construction,  a thin  coil  surrounds  each 
pole,  and  a thicker  coil  the  centre  of  an  electro- 
magnet. 

M.-i.GXETO-ELECTRic  Gexerator. — Two  insulated 
steel  rings  or  cylinders  are  used.  One  is  fixed  and 
the  other  is  made  to  revolve  within  it,  but  without 
touching  it.  The  rings  are  “ magnetised  in  the  usual 
way,”  and  “their  peripheries  are  rendered  polar  by 
drawing  the  poles  of  the  magnet  employed  in  mag- 
netising them  radially  across  them.”  Insulated 
copper  rings  are  attached  to  the  sides  of  both  the 
steel  rings,  and  the  latter  are  made  to  rotate  in 
contrary  directions,  or  one  is  made  to  rotate  while  the 
other  remains  fixed.  “The  electricity  generated  by 
their  rapid  revolutions  is  conveyed  away  l)y  wires 
attached  to  springs  or  rollers  fixed  to  them,  made 
to  press  on  and  slide  or  roll  over  the  insulated 
copper  ring  conductors.  By  the  rotation  of  two 
insulated  steel  or  malleable  iron  discs,  placed 
nearly  in  contact,  similai  ly  prepared,  and  proiierly 
magnetised,”  an  electric  induced  current  is  gene- 
rated. “ Here  the  electricity  is  drawn  from  the 
periphery  by  means  of  an  insulated  copper  ring, 
and  from  the  centre  of  the  disc,  by  means  of  in- 
sulated copper.  Cones  and  hemispheres  may  also 
be  made  to  revolve  and  rotate  one  within  the  other 
in  a similar  manner.”  Induced  currents  are  also 
obtained  ‘ ‘ by  rotating  between  the  poles  of  a mag- 
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net,  aniiatiu’c  magnets  made  like  a wheel  with 
spokes.” 

Electiuo  Light. — The  inventor  proposes  to  use 
the  electric  light  in  combination  with  reflectoi’s,  to 
enable  medical  men  to  inspect  diseased  parts  of 
tlie  human  body. 

(h)MMUTATORS. — These  have,  by  preference,  sil- 
ver, or  electro-plated  copper  rollers,  which  are 
followed  by  a surface  cleaner,  made  of  velvet. 

Globes,  which  surround  the  electric  light  are 
prevented  from  cracking,  by  being  made  in  pieces 
united  in  a frame. 

!Motor. — In  “ring  engines”  the  ring  is  con- 
structed in  pieces  so  as  to  admit  of  easy  coiling  of 
strong  iron  wire  round  the  ring  in  the  vacant  space 
between  the  armatures,  and  the  armatures  are  made 
“with  double  curves  rising  to  the  centre  so  that 
the  motion  of  the  revolving  magnet  can  be  reversed.” 
It  is  preferred  “to  drive  on  outside  the  armature 
ring  another  flat  ring  of  soft  iron,  covered  with  an 
iron  coil,”  and  in  place  of  having  one  revolving 
magnet,  the  “ electro-magnetic  wheel  ” already 
described  is  used.  A reciprocating  electro-magnetic 
locomotive  is  described,  and  the  inventor  states 
that  he  constructs  railways  with  insulated  rods,  by 
preference  of  copper,  secured  between  the  rails, 
along  and  against  which  either  a single  insulated 
metallic  grooved  wheel  runs,  or  else  these  rods  are 
clipped  l)y  a pair  of  such  wheels.  “ The  electricity 
generated  from  any  source  along  the  railway  can 
thus  be  conveyed  to  the  magnets  actuating  the 
engine.  ” For  this  purpose  large  fixed  steam 
engines,  wind,  or  water  power  may  l)c  employed. 
This  is  a lengthy  and  somewhat  rambling  specifica- 
tion of  4’2  pages. 

*293. — T.  Walker,  London.  Transmitting  Elec- 
tric Currents.  4d.  .Tanuary  ‘2.3. 

C'oxDUCTORS. — This  invention  relates  to  a method 
of  utilising  for  telegraphic  purposes  an  uninsulated 
or  partially  insulated  conductor.  An  Inexpensive 
partially  insulating  material  consists  of  a mixture 
of  shellac,  resin,  and  tar,  or  resin,  tar,  and  oil,  to 
which  may  be  added  pitch  or  asphaltum.  After 
these  compounds  have  been  apjdied  to  the  con- 
ductor it  is  preferred  to  cover  it  with  a serving  of 
tape  or  fibre. 

380. — G.  T.  Bousfield,  Sutton,  Surrey.  (//.  ./. 
SMtlh,  Boston,  U.S.A.)  Electrical  Machines. 
Sd.  (10  figs.)  January  •2!l. 

Static  fJEXERATOR. — This  consists  of  a shallow 
box  of  vulcanite  containing  a “ frame  plate,”  con- 
denser, and  generating  plate  jdaced  parallel  to 
each  other  and  the  whole  enclosed  in  an  outer 
woo<len  ease.  'J'he  generating  plate  lies  between 
the  condenser  and  frame  plate,  ami  is  revolved  by 
means  of  a handle  between  two  cushions,  coated 


with  amalgam.  The  cushions  are  provided  with 
flaps  to  prevent  the  electricity  from  escaping  from 
the  generating  plate  until  the  excited  portion  of  its 
surface  reaches  the  collectors,  which  are  serrated 
strips  of  metal.  These  collectors  arc  in  metallic 
connection  with  one  set  of  plates  of  the  condenser, 
whilst  the  other  set  is  joined  to  the  cushions. 
“ Posts,”  or  discharging  terminals,  are  attached  to 
the  condenser,  which  is  so  arranged  that  the  for 
ward  motion  of  the  crank  to  generate  electricity 
and  charge  the  condenser,  moves  it  forward  through 
a small  arc,  whereby  its  terminals  are  moved  away 
from  the  discharging  terminals.  A retrograde 
motion  of  the  handle  restores  the  condenser  to  its 
original  position  and  discharges  it.  The  vulcanite 
casing  of  the  generator  is  made  air-tight,  the 
spindle  working  through  a gland.  External  to  this 
casing  is  an  india-rubber  pouch,  which  further 
insures  the  exclusion  of  moisture. 

440. — S.  J.  Mackie,  London.  Signalling  on 
Railway  Trains.  Is.  6d.  (14  figs.)  Feb- 

ruary 3. 

C'oxDUCTOR.s. — For  coupling  the  ends  of  con- 
<luetors  used  for  signalling  on  railway  trains  the 
inventor  provides  them  with  draw  tubes  sliding- 
over  each  other  or  with  hooked  ends  dropping  into 
bayonet  sockets. 

447. — J.  Macintosh,  London.  Insulating  Tele- 
graphic Wires,  &c.  4d.  February  4. 

CoxDUCTOR.s. — Cotton  seed  pitch  is  mixed  with 
india-rubber  by  means  of  rollers  until  it  becomes  a 
“hot  plastic  heterogeneous  mass,”  in  which  state 
it  is  applied  to  conducting  wires  for  insulating  them. 

485. — J.  J.  Harrop,  IManchcstcr.  Tin  and  Lead 
Piping,  &c.  Is.  (11  tigs.)  February  ti. 

C'oxnuGTORS.-  This  invention  relates  to  machi- 
nery for  the  manufacture  of  tin-linc<l  lead  pipes, 
applicable  also  for  covering  electrical  cables  with  a 
lead  protecting  envelope. 

*515. — W.  F.  Reynolds,  London.  Speed  Indica- 
tion for  Engines.  4d.  Fel)ruary  if. 

( Iexerator. — 'File  inventor  arranges  “ an  electi'o- 
motive  apparatus”  in  connection  with  some  moving 
))art  of  an  engine,  and  carries  a wire  to  a .suitable 
])osition  within  sight  of  a responsible  person,  whei'c 
the  V ire  is  attached  to  a spindle  of  an  index  hand 
free  to  travel  over  a dial.  The  wire  is  so  arranged 
that  as  the  main  .shaft  rotates  the  wire  becomes 
heated  in  proportion  to  the  speed  of  such  shaft,  and 
expamls  in  the  direction  of  its  length,  thereby 
o])ei-ating  the  iinlex  band  on  the  dial. 

862. -J.  Imray,  Lomlon.  ('/'.  ■/.  Ilatr/y,  Jiijiun.) 
Laying  Telegraph  Cables.  KM.  (I  Figs.) 
March  18. 
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CoNDt'CTORS. — For  laying  electrical  cables  uiuler 
M ilter  or  under  ground  the  inventor  uses  a kind  of 
plongh  mounted  on  M'heels  \\  hieh  is  drawn  along 
the  bottom  of  the  water  or  along  the  soil  in  M'hich 
the  cable  is  to  be  embedded.  The  plough  has  a 
tubular  shank  extending  obliijuely  downwards 
behind  its  wheels,  so  as  to  cut  a furrow  in  the  soil, 
and  tM'O  thin  flukes  extending  horizontally  from  the  ; 
shank  serve  to  keep  its  end  doivn  at  the  required  ! 

depth  below  the  surface.  The  cable  is  passed  doivn  j 

the  interior  of  the  holloiv  shank  and  is  thus  guided  j 
to  the  bottom  of  the  furrow  cut  by  the  plough. 

979. — W.  E.  Prall,  Washington,  U.S.A.  Com-  | 
pressed  Air  Apparatus  for  Signalling  on 
Railways,  &c.  lOd.  (7  figs.)  March  19. 

Conductors. — In  connection  M'ith  a system  of 
signalling  on  railways  by  means  of  compressed  air, 
the  inventor  proposes  to  place  a small  cable  con- 
taining telegraph  conductors  in  the  pipes  -which 
convey  the  eompressed  air  “to  protect  thereby  the 
telegraph  wires  from  atmospheric  disturbances,” 
and  to  save  the  expense  of  the  usual  supports. 

1,159. — W.  M.  Bullivant,  London.  Telegraph 
Cables.  4d.  April  2. 

Conductors. — Around  an  insulated  conductor  is 
arranged  a number  of  hempen  yarns  saturated 
M’ith  tar  or  other  bituminous  compound.  The 
yarns  are  immersed  in  water  to  shiink  them  and 
then  dried,  and  lastly  satiu'ated  with  tar.  With- 
out again  moistening  them  they  are  laid  around  the 
insulated  conductor  in  a very  long  lay,  tivo  servings 
being  applied  in  opposite  directions,  separated  by  a 
layer  of  pitch  containing  silica.  Over  these  yarns 
is  sometimes  applied  a binding  of  other  yarns  M"ith 
a short  lay.  The  whole  cable  is  covered  with  pre- 
pared pitch  and  silica  compound,  and  is  then  com- 
plete. In  this  ivay  is  produced  a very  light  cable, 
M'hich,  it  is  claimed,  will  not  shrink  and  damage 
the  insulated  conductor. 

1,261. — W.  R.  Lake,  London.  (.1/.  Dai/,  Mam/chl, 
Ohio,  U.S.A.)  Electric  Light  Apparatus. 

8d.  (G  figs.)  April  11. 

Arc  Lamp. — In  the  illustration  the  standard  is 
made  in  two  parts,  the  one  A of  ivood,  and  the 
other  B of  metal.  C,  C',  C,  C are  metallic  arms  for 
supporting  the  guides  L and  D,  M’hich  are  respec- 
tively of  soft  iron  and  brass.  Between  the  lower 
arms  C C an  electro-magnet  R can  attract  the  soft 
iron  guide  L.  Below  the  magnet  is  a coiled  spring 
K,  to  the  drum  of  which  is  attached  one  end  of  a 
cord  or  ribbon  .1,  preferably  of  steel,  its  other  end 
being  fastened  to  the  lon  er  end  of  the  guide  L. 
The  spring  K gives  motion  to  all  parts  of  the  lamp 
and  may  be  replaced  by  a weight  if  desired.  Upon 


the  spring  spindle  is  the  insulated  pinion  and 
jamb  nut  F.  Between  the  upper  arms  Cl  C is  the 
wheel  F.,  gearing  into  the  rack  on  the  guide  T),  and 


upon  the  wheel  spindle  is  another  insulatcil  pinion 
and  jamb  nut  Fb  H is  a connecting  rod  u ith  slots 
at  each  end,  geared  respectively  to  opposite  sides  of 
the  pinions  F and  Fb  Upon  the  upper  end  of  L is 
a magnet  ]\I  with  core  N,  spring  0,  and  carbon 
socket  R.  A similar  socket  is  attached  to  the  guide 
I).  The  set  screw  c holds  the  guides  in  any  posi- 
tion u hen  the  lamp  is  not  in  use.  S and  T are  the 
terminals  of  the  lamp.  The  sockets  P P can  hold 
one  or  more  carbons  parallel  to  but  not  touching 
each  other.  The  operation  of  the  lamp  is  evident 
from  the  figure.  The  lower  magnet  11  regulates 
the  feed  -whilst  the  magnet  M draws  the  arc,  both 
magnets  being  in  the  main  circuit.  When  double 
carbons  are  used  the  light  is  alternately  emitted 
from  each  pair,  the  change  from  carbon  to  caibon 
being  effected  very  quickly  at  the  instant  that  the 
wear  of  one  pair  has  gone  on  sufficiently  long  to 
bring  the  second  pair  into  actual  contact.  Re- 
versals of  current  are  employed  for  keeping  the  arc 
in  a focus.  In  another  form  of  lamp  “ an  ordinary 
marine  clock  movement”  is  employed  to  restrain  the 
spiing  K,  and  in  a third  form  of  lamp  the  upper 
carbon-holder  is  a rack  gearing  with  a -wheel  on  the 
spring  spindle. 
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1,438. — R.Werdermann, London.  Cutting  Rock 
or  Stone,  &C.  8d.  (5  figs.)  April  24. 

Electric  Light. — Part  of  this  invention  relates 
to  the  use  of  the  electric  arc  produced  between 
carbon  pencils,  for  the  purpose  of  quarrying  por- 
phyry, granite,  and  like  stones.  A jet  of  air  is 
conducted  through  a tube  to  the  carbon  points  and 
carries  the  arc  forwards,  causing  it  to  act  as  a blow- 
pipe. 

1,446. — J.  H.  Johnson,  London,  (id  E.  de  Mer- 
fiaimp,  ParU).  Production  of  Electric  Light, 
&c.  3s.  4d.  (3.')  figs.) 

Electric  Light. — This  invention  is  based  on  the 
principle  of  obtaining  light  from  ‘ ‘ a succession  of 
rupture  sparks  (obtained  by  alternately  establish- 
ing and  breaking  contacts)  between  the  electrodes 
of  a regulator,”  and  also  consists  in  the  employment 
of  revolving  circular  electrodes  of  dense  carbon. 
Very  complete  drawings  accompany  this  specifica- 
tion and  clearly  explain  the  details  of  the  somewhat 
complicated  apparatus  for  carrying  the  invention 
into  effect.  Another  part  of  this  invention  re- 
lates to  a current  distributing  apparatus  “having 
rubbers  and  boards  provideil  with  studs  or  plates, 
and  so  arranged  as  to  effect  tlie  division  of  a cur- 
rent into  a number  of  currents  of  an  intensity  equal 
or  proportional  to  given  numbers.”  Another  cur- 
rent distributor  with  mercury  contacts  is  also  de- 
scribed. 

*1,554.  -H.  Wilde,  ^Manchester.  Excavating 
Coal,  &c.  4(1.  !May  2. 

Traxsmissior  of  Power. — The  generator  de- 
scribed in  Specification  No.  842  of  18G7  is  employed 
to  produce  a current  of  electricity,  which  is  trans- 
mitted by  suitable  conductors  to  a distance,  where 
it  is  retransformed  into  power  and  employed  for  the 
purpose  of  coal  cutting.  A reciprocating  motor  is 
described,  but  a rotary  motor  may  also  be  used, 
and  its  motion  convei'ted  into  a reciprocating 
motion  by  means  of  ci’anks  and  levers. 

*1,766.  — M.  Eustace,  Glasnevin,  Dublin.  Joint- 
ing and  Tightening  Wires.  4d.  iMay  1!). 

Conductors. — Wires  are  joined  by  inserting 
their  ends,  side  by  side,  into  a socket  piece  from 
opposite  directions,  after  which  a taper  key  is 
<lriven  through  transvei'se  holes  in  the  sides  of  the 
socket  lietween  the  two  enclosed  wires  to  secure 
them.  This  invention  also  includes  a wire  tighten- 
ing  appliance. 

1,820. — E.  O.  W.  Whitehouse,  London.  Electric 
Light  Apparatus.  4d.  May  22. 

Aro  Lamp. — Cylindrical  carbon  electrodes  are 
employed,  and  these  are  mounted  on  axes  by  pre- 
ference placed  at  right  angles  to  each  other,  and 


made  to  rotate,  at  the  same  time  being  screwed 
forward  axially,  “so  as  to  present  in  turn  every 
part  of  their  surfaces  toward  each  other.”  Clock- 
work or  other  mechanism  rotates  the  carbons,  and 
advances  them  axially.  The  current  is  reversed  at 
intervals  to  equalise  the  consumption  of  carbon,  and 
“to  retransfer  the  carbon  from  the  pole  to  which  it 
had  been  carried,  back  again  to  that  fi-om  which  it 
came.” 

1,855. — G.  Zanni,  London.  Telegraphic  Cables. 
8d.  (6  figs.)  May  27. 

Conductors. — A central  conductor,  consisting  of 
one  or  more  copper  wires,  is  surrounded  with  a 
series  of  iron  or  steel  wires,  and  the  whole  is  united 
by  being  passed  through  a bath  of  molten  tin.  An 
insulating  coating  of  gutta-percha  or  other  material 
is  then  applied,  over  which  tinfoil  is  wrapped  “to 
exclude  moisture  ; ” or  in  place  of  the  tinfoil,  the 
core  is  covered  with  a cotton  tape  and  passed 
through  a bath  of  molten  tin,  whereby  the  insulating 
material  is  protected  from  the  injurious  effects  of 
the  water  pressure  at  great  depths.  Several  cores 
may  be  combined  in  one  cable.  Suitable  sheathing 
may  be  added,  and  shore  ends  may  be  protected  by 
threading  them  through  lengths  of  gas  piping. 

*2,106. — H.  Conybeare  and  G.  Naphegyi,  Lon- 
don. Treating  the  Juice  of  the  Zapote  or 
Chickley  Tree.  4d.  June  17. 

Conductors. — This  invention  relates  to  the 
preparation  of  the  juice  of  the  zapote  tree  (a 
variety  of  the  ficus  elasticus)  for  use  as  a substitute 
for  india-rubber  or  gutta-percha  in  the  insulation 
of  electrical  conductors.  The  inventors  call  the 
material  “zapotine.”  It  can  be  vulcanised. 

2,625. — T.  Slater,  London.  Electro-Magnets, 
&C.  4d.  July  28. 

Electro-Magnets.— Tlie  core  upon  nliich  the 
insulated  wire  is  wound,  is  made  of  conical  form, 
tlie  diameter  of  the  base  of  the  cone'  being  liy  pre- 
ference about  twice  its  height.  At  the  apex  of  the 
cone  is  a screwed  stem  witli  a nut  for  the  purpose 
of  securing  the  electro-magnet  to  any  apparatus  of 
which  it  is  to  form  part.  “ Dy  increasing  or 
diminishing  the  size  of  the  conical  core,  and  sur- 
rounding it  with  a correspondingly  thicker  or 
thinner  wire,  magnets  of  greater  or  less  ]iower  m ill 
be  produced  according,  with  an  eipial  amount  of 
battery  power.” 

*2,717.— G.  Haseltine,  London.  (If.  C.  Cool\ 
Jlroofhjii,  U.S.A.)  Illuminating  Compass 
Cards,  Dials,  and  Gauges.  4d.  August  Ti. 

Electric  Light. — A vacuum  tube,  worked  by  a 
Rhumkorirs  coil  and  sulphate  of  mercury  battery, 
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is  employed  for  the  illumination  of  mariners’  com- 
passes, water  gauges,  &c. 

*3,006.— H.  Highton,  Putney.  Submarine 
Telegraphy.  4d.  September  2. 

CoxKUCTORS. — The  main  feature  of  this  invention 
is  the  use  of  phosplior-bronze  in  the  construction  of 
cables.  It  may  be  employed  for  the  conducting 
wires,  or  for  the  sheathing,  and  in  the  former  case 
may  be  combined  with  copper  wires  to  give  in- 
creased conductivity. 

3,156. — R.  Werdermann,  London.  Magneto- 
Electric  Machines.  Is.  4d.  (G  figs.)  Sep- 
tember IG. 

Dvnamo-Electrig  Gexerators. — In  the  appa- 
ratus constituting  this  invention  “ the  electric  cur- 
rents are  induced  in  such  a manner  that  all  those 
halves  of  the  convolutions  of  the  wire  lying  on  one 
side  of  the  core  are  induced  Ity  magnetic  poles  of 
the  same  polarity.”  This  principle  is  termed  by 
the  inventor  “ isopolar  induction.”  The  advan- 
tages claimed  for  this  mode  of  constructing  gene- 
rators ai'e  facility  for  regulating  the  electromotive 
force,  and  the  collection  of  currents  without  a com- 
mutator, S2ndngs,  or  rubbing  contacts.  One  form 
of  generator  is  constructed  as  follows  : — On  an 
annular  plate  of  metal  is  coiled  an  insulated  wire  or 
ribbon  of  copper.  Tliis  2>late  is  fixed  like  a tyre  on 
a wooden  disc,  fitted  on  a shaft.  Tlie  boss  of  the 
disc  is  surrounded  by  two  metal  rings,  insulated 
from  each  other.  These  rings  are  each  connected 
with  one  end  of  the  wire  on  the  jilate,  and  lie  in 
contact  with  rubbers  connected  with  the  terminals 
of  the  generator,  or  the  ends  of  the  wire  may  be 
passed  in  oj)posite  directions  through  the  axis  of 
the  shaft,  and  inserted  in  mercury  cu[)s.  The  wire 
coiled  on  the  plate  may  be  divided  into  sections, 
and  an  arrangement  of  jdug  commutators  may  be 
fixed  to  tlie  wooden  disc,  whereby  such  sections  can 
be  joined  up  pai’allel  or  in  series,  as  maybe  desired. 
On  each  side  of  the  annular  armature  first  de- 
scribed is  fixed  a soft  iron  ring,  such  ring  forming 
the  polar  extension  of  one  or  more  permanent  or 
electro-magnets,  and  one  ring  being  of  opposite 
j)olarity  to  the  other.  Instead  of  a flat  armature 
one  of  elliptical  or  circular  section  may  be  used, 
the  field  magnet  poles  being  suitably  shaped  to  em- 
brace it  as  closely  as  possible.  Several  ai'inatures 
may  be  combined  in  one  generator,  in  which  case 
there  will  always  be  one  more  field  magnet  than 
there  are  armatures.  A hollow  soft  iron  cylin- 
drical electro-magnet  may  afford  two  unipolar 
magnetic  fields,  in  each  of  which  an  annular  arma- 
ture may  revolve,  one  to  act  as  a “ feeding”  and 
the  other  as  a workmg  armature.  The  armature 
may  be  of  spherical  or  ellipsoidal  form,  coiled  meri- 


dianally  or  equatorially  with  insulated  coji^'er  wire, 
in  which  case  the  field  magnets  are  made  of  suit- 
able form  to  embrace  it.  The  illustration  repre- 
sents another  form  of  generator  embodying  tliis  in- 
vention. The  armature  consists  of  a wooden 
cylinder  h b,  on  which  is  wound  helically  a rod  or 
ribbon  of  iron,  coiled  with  insulated  cop2>er  wire  B ; 
c c are  collecting  hoops.  The  armature  is  sup- 


jiorted  by  the  four  rollers  r.  M is  an  electro- 
magnet having  three  branches  forming  two  nortli 
jjoles  N and  one  south  ^lole  S.  This  is  called  a 
trifurcated  magnet  ; magnets  with  many  ^loles  are 
called  iiolyfurcated.  The  soft  iron  rings  and  jiolar 
extensions,  as  well  as  the  cores  of  the  electro- 
magnets, are  made  by  preference  of  electro-deiio- 
sited  iron,  and  that  side  of  the  2>olar  extensions 
which  face  the  armature  are  roughened  “like  a 
file,  whereby  the  jiower  of  magnetic  radiation  is  in- 
creased.” 

3,172. — M.  Eustace,  Glasnevin,  Dublin.  Joint- 
ing and  Tightening  Wires  for  Fences, 
Telegraphs,  &c.  8d.  (.5  figs.)  Seiitember  17. 

CoxDUCTORS. — This  invention  relates  to  methods 
of  joining  the  ends  of  wires,  used  as  electrical  con- 
ductors or  otherwise,  and  has  already  been  described 
in  Provisional  Si^ecification  No.  1,7GG  of  1874. 

*3,381. — C.  Goldstone,  Southam^iton  ; J.  Rad- 
clifFe,  Retford  ; M.  Gray,  London.  Signalling 
in  Railway  Trains.  4d.  October  .3. 

CoxDUCTORS. — These  are  joined  by  a cou2)ling 
of  peculiar  construction,  the  one  end  being  tlie 
counterpart  of  the  other,  to  facilitate  making  iqi 
trains  jirovided  witli  through  conductors  for  sig- 
nalling jiurposes.  To  each  end  of  tlie  conductor  to 
be  coujiled  is  secured  a block  of  insulating  material 
to  which  is  fitted  a jiair  of  elongated  clip  sjirings. 
The  ends  of  the  conducting  wires  are  soldered 
to  these  clips.  Strips  of  vulcanite,  wedge- 
shaped  at  their  ends,  triangular  in  cross  section. 
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and  tapering  iinvards,  arc  attached  to  the  inner 
faces  of  tliese  springs.  On  one  of  their  inclined 
sides  a metallic  plate  is  secured,  which  comes  in 
contact  with  a similar  plate  on  the  counterpart  clip. 
I’liese  metal  plates  each  have  at  at  their  outer  ends 
a clip,  which  in  the  act  of  coupling  up  the  conduc- 
tors will  he  forced  apart,  hut  on  the  couplings 
being  severed,  themselves  come  into  contact.  The 
couplings  are  provided  u ith  a waterproof  tubular 
covei'ing  of  vulcanised  india-rubber,  to  protect 
them  from  rain  and  dust. 

3,509  E.  H.C.  M o nekton,  Fineshade,  Xorth- 
amptonshire.  Galvanic  Batteries.  Is.  4d. 
(12  figs.)  October  12. 

Elkctkic  Liout. — This  invention  includes  the 
application  of  the  electric  light  to  mines  and  col- 
liei'ies,  l>y  means  of  reflectoi’s,  its  intensity  being 
subdued  by  the  use  of  suitable  screens  or  shades  of 
ground  glass.  Ileflectors  are  also  employed  to 
break  up  the  shadows.  V'hen  there  is  danger  from 
gas,  the  light  is  enclosed  in  a glass  case. 

Flectko-Magxet.s. — In  Patent  No.  20.!)  of  1874 
it  was  omitted  to  state  that  the  ends  of  the  magnets 
therein  described  should  bo  made  larger  in  propor- 
tion to  their  lengths,  and  that  the  coil  placed  on 
these  ends  shouhl  also  be  large  in  proportion  to 
their  thickness.  The  copper  wire  round  the  great 
length  of  tlie  thin  part  of  the  magnets  need  not  be 
coiled  close.  Another  improvement  is  to  case  the 
magnet  coils  with  iron  slit  cylinders,  and,  if  de- 
sired, to  add  other  coils  and  slit  cylinders  in  suc- 
cession. The  weight  of  iron  in  any  magnet  should 
be  from  24  to  3 times  the  weight  of  the  wire  in  the 
coils.  Magnets  may  be  made  by  combining  sevei’al 
rods  or  flat  thin  sheets  of  iron,  and  it  is  preferred 
to  electroplate  them  with  copper  or  nickel.  Pei'- 
manent  circular  magnets  are  made  by  rotating  the 
rings  over  the  poles  of  electro-magnets,  and  con- 
tinuing the  rotation  whilst  they  ai'e  being  with- 
drawn. Compound  flat  electro-magiiet.s  are  made 
of  thin  iron  plates,  over  which  separate  coils  arc 
placed,  and  their  ends  arc  joined  to  a back  plate  of 
iron.  Other  modifications  of  these  magnets  are 
described. 

Motok. — This  is  constructed  on  principle  of  the 
Arago  disc.  A large  metal  disc  is  placed  between 
the  poles  of  a very  large  horseshoe  magnet,  such 
poles  being  curved  so  as  to  cndu-acc  the  periphery 
of  the  disc.  The  current  is  led  to  the  magnet  and  the 
disc,  the  connection  being  made  to  the  disc  by  means 
of  slotted  rings  whicli  encircle  its  circumference,  )>y 
a spring  sliding  over  the  same,  or  by  other  suitable 
means.  A modification  of  the  above  motor  is  de- 
scribed, in  which  two  copper  discs  are  placed 
between  two  circularly  disposed  sets  of  electro- 
magnets. 'J’he  discs  have  their  centres  and  circum- 


ferences in  connection  with  the  source  of  electri- 
city. A centrifugal  governor  is  used  to  regulate 
the  speed  of  the  motor  by  breaking  the  circuit  as  the 
weights  rise,  and  a flywheel  is  also  applied.  A 
sliding  armature,  which  can  be  pushed  on  and  off 
the  magnet  poles  by  means  of  a lever  is  used  to 
\'ary  the  p>ower  of  the  motor.  The  poles  of  the 
magnets  are  in  some  cases  shaped  “ to  the  configu- 
ration of  the  magnetic  curve,”  ?'.c. , the  curve 
taken  by  iron  filing  at  a magnetic  pole.  A recipi'o- 
cating  motor  is  also  described. 

3,521. — W.  H.  Preece  and  C.  Goldstone,  South- 
ampton ; J.  Radcliffe,  Retford;  M.  Gray, 
London.  Signalling  in  Railway  Trains. 
Is.  4d.  (12  figs.)  October  13. 

Conductors. — A coupling,  for  electrical  conduc- 
tors extending  throughout  a railway  train,  consists 
of  two  counterpart  spring  clips,  to  which  the  ends 
of  the  conducting  cables  (each  provided  with  tuo 
insulated  wires)  are  attached.  These  clips  are 
descriljed  in  Provisional  Specification  No.  3381  of 
1874. 

3,771. — A.  M.  Clark,  London.  (II.  Lurthjuc, 
Parix.)  Electrical  Commutator,  &c.  2s. 

(.55  figs.)  October  31. 

CoJlMUT.\TOR. — This  invention  relates  to  an 
apparatus  for  inverting  or  interrupting  electric 
currents,  and  consists  of  an  air-tight  box  of  non- 
conducting material,  with  or  without  partitions,  en- 
closing some  mercury,  which  becomes  the  medium 
for  connecting  the  ends  of  platinum  wires  which 
penetrate  its  sides,  and  arc  externally  eonnecte<l 
with  the  circiiits  it  is  desired  to  operate  upon.  The 
changes  of  connection  are  made  by  tilting  or  invert- 
ing the  box.  jMany  applications  of  the  principle 
of  this  invention  are  illustrated  and  described. 

''3,800. — H.  Timmins,  London.  Joining  Wire 
for  Telegraphs  and  Fencing.  4d.  No- 
vember 4. 

CoNDUCTous. — .Joints  in  conducting  wires  are 
made  by  means  of  a socket  with  a right  and  loft 
handed  internal  screw  tlircad,  into  which  socket 
the  V ire  ends  are  screwed. 

*3,974. — L.  Sterne,  London.  Telegraph  Insu- 
lators. 4d.  November  18. 

IxsuL.vroK.s. — Two  or  more  (preferably  three) 
lugs  or  claws  arc  formc<l  at  the  to])  of  the  insulator, 
under  n hich  lugs  or  claws  the  wire  engages.  In 
this  way  the  wire  is  secured  without  the  necessity 
of  using  binding  wire.  J’lic  lugs  are  arranged  out 
of  a direct  line,  so  that  when  the  wire  is  engaged 
it  assumes  a cranked  foi'm,  and  is  thereby  more 
elliciently  held. 
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4,261.- G.  F.  James,  Salfonl.  Circular  Braid- 
ing Machines.  lOil.  (10  figs.)  December  10. 

(\iNi)i:cTOR.s. — This  invention  relates  to  improve- 
ments in  braiding  machines,  which,  amongst  other 
purposes,  ai'e  employed  for  covering  electrical  con- 
ductors. The  improvements  consist  of  a mode  of 
•weighting  the  spindles  of  circular  braiding  machines 
so  as  to  allow  the  bobbins  to  be  changed  without 
using  “ dummies  in  the  application  of  a spring  to 
each  governor  whereby  the  number  of  working 
spindles  can  be  varied  ; and  in  the  application  of  a 
creel  u ith  movable  arms. 

4,435. — C.  E.  Powell,  Binfield,  Berks.  Electric 
Light  Lamp.  Is.  lOd.  (8  figs.)  December  24. 

Arc  Lamp. — The  carbon  points  arc  placed  in 
I'aoto,  and  an  automatic  arrangement  is  provided 
for  closing  the  circuit  if  from  fracture  of  the  lamp 
or  other  cause,  the  vacuum  cease.  The  lamp  con- 
sists of  an  air-tight  vessel  or  globe  of  glass,  suitably 
supported,  and  the  apparatus  for  adjusting  the 
carbon  points.  The  carbon-holders  are  fixed  to  the 
lamp  stock  or  body,  one  being  insulated  therefrom, 
but  connected  to  a conical  centre  piece,  and  having 
a spring  fastened  to  it  which  presses  against  and 
forms  a connection  with  tlie  other  carbon-holder. 
The  lamp  body  has  a conical  hole  to  receive  the 
centre  piece,  and  is  fitted  with  a cock  through 
which  the  globe  is  exhausted.  The  centre  piece  is 
bored  to  receive  a movable  plug,  capable  of  work- 
ing up  and  down  air-tight.  This  plug  rests  on  the 
spring,  short-circuiting  the  poles  of  the  lamp.  The 
lamp  is  worked  by  exhausting  the  air  in  the  globe  ; 
the  plug  is  then  depressed  by  the  atmospheric  pres- 
sure and  pushes  the  spring  au^ay  from  the  poles  and 
the  current  passes  between  the  carijon  points.  The 
containing  vessel  may  take  the  form  of  a para- 


boloid with  plane  front  or  any  other  convenient 
shape. 

4,454.-  H.  H.  Bo  nneville,  Baris  and  London. 
(7'.  C/ntfaux,  Electric  Motor.  lOd. 

(.3  figs.)  December  28. 

Motor.— This  relates  to  a combination  of  motors 
in  connection  with  a single  series  of  frames,  driving 
shaft,  and  flywheel.  The  motor  illustrated  as  an 
example  is  a combination  of  four  independent 
motors.  A disc  carrying  armatures  on  its  circum- 
ference is  fixed  in  a shaft  and  revolves  in  a 
vertical  plane  so  that  the  said  armatures  pass  very 
close  to  the  poles  of  four  electro-magnets,  fixed 
on  the  frame  of  the  motor,  and  directed  to  the 
centre  of  the  disc.  The  armatures,  which  arc 
placed  parallel  to  the  axis  of  the  disc,  are  made  up 
of  several  pieces  of  sheet-iron  bent  to  a triangular 
section.  On  one  end  of  the  driving  shaft  is  mounted 
a commutator  consisting  of  a circular  insulating 
core,  with  a number  of  contact  pieces  on  its  circum- 
ference which  close  or  open  the  circuit  on  striking 
contact  rollers  communicating  by  springs  with  two 
of  the  four  electro-magnet  coils.  A second  com- 
mutator of  similar  construction  distributes  the 
current  to  the  second  pair  of  electro-magnet  coils. 
The  two  other  motors  act  respectively  by  means 
of  a pawl  on  ratchet  teeth  formed  on  the  main 
disc,  already  referred  to,  and  through  the  medium 
of  a crank  or  eccentric  attached  to  the  main  shaft. 

*4,475. — S.  J.  Neave,  London.  Conducting 
Cores  for  Telegraph  Cables.  4d.  De- 
cember 30. 

CoNDUCTOR.s. — A spiral  conducting  wire  is  em- 
ployed Instead  of  the  straight  ones  ordinarily  used, 
with  a ^•iew  to  gaining  elasticity,  and  to  obviate 
danger  from  breakage  or  “ knuckling  through”  of 
the  conductor. 
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441. — S.  A.  KoslofF,  St.  Petersburg.  Produc- 
tion of  Electric  Light.  lOd.  (.3  figs.)  Feb- 
ruary 5. 

Incaxde.sexce  Lamp. — The  electric  light  is  pro- 
duced “ by  means  of  an  electric  current  heating  to  a 
white  heat  sticks  of  carbon  placed  in  the  circuit, 
and  being  enclosed  hermetically  in  a globe  filled  with 
nitrogen  gas.”  A carbon  I'od  has  its  ends  inserted 
into  blocks  of  carbon  which  are  supported  between 
two  insulated  arms.  The  current  is  conveyed  to 
it  by  means  of  -wires  inserted  in  holes  in  these 
carbon  blocks.  The  insulated  arms  are  secured  to 
a suitable  standard,  the  whole  being  placed  on 
a stand.  In  order  to  avoid  the  inconvenience  of 


preparing  nitrogen  gas  the  air  within  the  contain- 
ing globe  is  rarefied,  and  the  small  quantity  of 
oxygen  remaining  is  then  “ transformed  into  oxide 
of  carbon.”  Several  carbons  may  be  combined  in 
one  lamp.  A certain  amount  of  end  play  is  given 
to  the  carbon  rods  in  their  supports  to  prevent 
them  breaking  when  they  expand.  The  lower  part 
of  the  globe  is  provided  with  valves  which  arc 
closed  by  a u ater  joint. 

473. — W.  Clark,  London.  {JJ.  F.  Lon/in,  Farit.) 
Application  of  Electro-Dynamic  Machines 
for  Obtaining  Metals,  &c.  4d.  Febrnury  8. 

Dvxamo-Elec'teic  Generator. — This  invention 
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relates  to  the  use  of  cuiTcnts  derived  from  dynamo- 
electric  generators  for  the  purpose  of  decomposing 
metallic  salts.  The  inventor  employs  a generator 
“therein  the  whole  of  the  current  produced  is 
returned  to  the  primary  electro-magnets,”  in  which 
circuit  are  placed  the  “voltameters”  or  vessels 
containing  the  substances  to  be  oj)erated  upon. 
Another  application  of  this  invention  is  the  em- 
ployment in  a similar  way  of  a dynamo-electric 
generator  for  exciting  an  alternate  current  machine 
for  the  purpose  of  producing  the  electric  light. 

478. — W.  S.  Laycock,  Sheffield.  Railway  Brakes. 
lOd.  (4  ligs.)  February  9. 

Magneto  - Eectkic  Generators.  — ■ These  are 
worked  from  the  carriage  axles  of  railway  trains, 
and  the  electric  current  produced  is  employed  to 
actuate  an  electro-magnetic  brake. 

792. — W.  Lloyd  Wise,  London.  (T.  MaMn, 
Bruifsds.)  Railway  Brakes.  Is.  lOd.  (8  figs.) 
March  3. 

Conductors. — A coupling  for  double  conductors 
is  included  in  this  invention,  and  consists  of  two 
metal  cylinders,  placed  on  the  ends  of  the  con- 
ductor but  insulated  therefrom,  one  fitting  into 
the  other  with  a telescope  joint.  Tlie  conducting 
wires  communicate  with  contact  springs  attached 
to  insulating  plugs  within  the  cylinders,  such  contact 
springs  establishing  the  desired  connection  when 
the  metal  cylinders  are  brought  together. 

*806. — M.  A.  Wier,  London.  Igniting  Gas.  4d. 
March  4. 

Magneto-Electric  Generator. — The  current 
from  a magneto-electric  generator  is  used  to  heat  a 
pilatinum  wire  to  incandescence,  for  the  purpose 
indicated  in  the  title. 

970. — P.  Jensen,  London.  (.S'.  I'.  Konn,  St. 
Pvlevsbunj.)  Electric  Light  Apparatus. 
8d.  (2  figs.)  March  IG. 

Inc.andescence  Lajit.s. — A glass  cylinder  with 
closed  top  is  fixed  air-tight  to  a metallic  base,  from 
which  pass  upwards  two  copper  conductors,  one 
being  in  connection  with  the  metallic  base,  and 
the  other  passing  through,  but  insulated  from  it. 
The  latter  is  joined,  in  a hollow  chamber  under  the 
base,  to  an  insulated  terminal.  'The  conductors 
terminate  in  the  upper  part  of  the  glass  cylinder 
in  holders,  between  which  several  stems  of  graphite 
are  inserted.  The  upper  hohler  is  a perforated 
plate  through  which  a number  of  platinum  or  silver 
studs,  of  different  lengths,  pass,  but  are  insulated 
therefrom.  A hinged  plate  conveys  the  current  to 
the  highest  stud.  The  lower  part  of  each  stud  lias 
a socket  for  the  reception  of  the  carbon  rod.  If 
any  rod  should  break  in  use,  then  the  stud  u Inch 


bears  on  it  drojis,  and  the  liinged  plate  falls  on  to 
the  next  highest  stud,  and  the  current  is  thus 
transferred  to  the  next  carVion.  A metal  guard  is 
fixed  inside  the  lower  part  of  the  glass  cylinder 
to  prevent  breakage  from  heated  pieces  of  carbon, 
and  a cock  in  connection  with  the  interior  of  the 
glass  cylinder  serves  for  pumping  out  the  air. 

*1,487. — R.  H.  Courtenay,  London.  Electro- 
Magnetic  Motor.  4d.  April  23. 

Motor. — This  invention,  which  has  for  its  object 
“the  increase  or  multi  jilication  of  magnetic  power, 
by  which  means  electricity  is  the  initial  power  or 
prime  mover  of  other  powers,  such  as  air  and 
water,”  consists  in  improvements  in  the  apparatus 
described  in  Provisional  Specification  No.  2179 
of  1874,  in  which,  however,  no  I'eference  is  made  to 
motors,  nor  does  the  present  specification  mention 
them,  except  in  its  title.  The  invention  states  : 
“ Having  formed  a piece  of  iron  into  a U shape,  I 
place  across  the  two  limbs,  and  at  any  convenient 
distance  apart,  one  or  more  induction  coils,  each 
one  being  in  itself  an  electro-magnet,  and  so  ar- 
ranged that  similar  poles  are  placed  on  the  same 
side,  the  ends  of  the  coils  being  connected  with 
springs  attached  to  the  conductors  by  insulatcal 
binding  screu's,  so  as  to  allow"  all  or  any  of  the 
coils  to  be  employed  at  discretion.  Flach  compound 
magnet,  arranged  as  described,  is  worked  with  a 
(quantity  arrangement  of  electricity,  one  element  of 
the  battery  to  one  coil  preventing  as  far  as  possible 
counter  currents.” 

1,719.  F.  W.  Ewen,  Manchester,  and  G.  F. 
James,  Salford.  Insulating  Telegraph 
Wires,  &c.  lOd.  (ofigs.)  May  8. 

Conductors. — Ground  glass,  fine  sand,  or  other 
non-conducting  powder,  is  employed  for  insulating 
electrical  conducting  wires.  The  wire  is  carried 
through  a hojiper  containing  the  ground  glass  or 
other  powder,  and  a convenient  number  of  yarns 
are  guided  through  holes  in  the  top  or  bottom  of 
the  hojiper  tt)  carry  forward  the  powder,  which  is 
surrounded  by  yams  or  wires  passing  through 
guides  below  the  hopper.  'The  whole  is  then 
braiilcd  and  passed  through  hot  tar.  The  ma- 
chinery for  conducting  these  operations  is  illus- 
trated ami  described. 

1,800.  — J.  Faulkner,  ^Manchester.  Electrical 
Appliances.  lOd.  (11  figs.)  May  14. 

Electro-Magnets. — 'I’liis  invention  consists  in 
using  an  iron  tube  to  cover  the  outside  of  the  coil 
of  an  electro-magnet,  the  iron  core  being  secured 
or  not  to  an  end  base  or  bottom.  'I'his  system  of 
making  electro-magnets  is  termed  by  the  inventor, 
“ Faulkner’s  Altandi  Systema'.”  A second  coil 


Abstracts  of  Patents. — 1875. 


xvii 


may  be  adileil,  ami  a seconil  tubular  iron  cover, 
ami  so  on  to  any  desired  extent. 

1,938.  F.  Field,  London,  and  R.  Tailing,  Lost- 
vithiel,  Cornwall.  Insulating  Compounds. 
(4d.)  May -27. 

Conductors.— In  Tateiit  No.  .3,778  of  1809  a 
process  is  described  for  producing  an  insulating 
material  by  cond)ining  ozokerit  with  gutta-percha, 
india-rubber,  or  other  like  substance.  The  in- 
ventor states  that  the  compounds  so  prepared 
become  brittle,  and  in  order  to  remedy  this  defect 
he  combines  the  ingredients  by  dissolving  them  in  a 
suitable  solvent,  such  as  coal  tar  naphtha,  or  by 
subjecting  them  to  a process  of  mastication.  The 
compound  thus  produced  remains  perfectly  pliable, 
and  may  be  used  as  a covering  for  electrical  con- 
ducting wires.  Fibrous  materials  such  as  mica, 
asbestos,  and  the  like  may  be  incorporated  with 
this  compound,  which  may  or  may  not  be  vul- 
canised. 

2,043. — A.  M.  Clark,  London.  (C.  A.  //((.s.'-cy, 
-NViw  VorL\)  Electro-Magnetic  Engines. 
lOd.  (5  figs.)  .Tune  3. 

Motor. — “Induction  currents  of  the  magnets 
and  sparks  at  the  commutator  are  entirely  avoided” 
in  this  motor.  A circular  frame  carries  two 
stationary  magnets  with  radial  arms  and  f shaped 
pole-pieces,  which  are  placed  by  a commutator  on 
the  revolving  shaft  in  connection  with  the  driving 
cun-ent,  so  that  the  currents  in  the  magnets  are 
alternately  reversed  and  act  “with  continuous 
force”  on  a central  revolving  magnet,  shaped  simi- 
larly to  the  fixed  magnets,  but  with  T shaped  pole- 
pieces.  “ The  commutator  revolves  with  the  cen- 
tral magnet,  and  is  made  of  positive  and  negative 
sections  with  separating  insulating  layer  or  bands 
for  reversing,  by  tlie  alternating  contact  with  the 
adjustable  current  transmitting  contact  wheels,  the 
polarity  of  the  stationary  magnets.  The  forma- 
tion of  induced  currents  is  prevented  by  tlie 
lapping  over  of  the  J shaped  pole  ends  across  the 
space  between  two  adjoining  pole  ends  of  the  outer 
magnets,”  and  thus  supposing  induction  currents 
should  be  formed,  “ they  would  serve  by  reversing 
the  current  in  the  side  poles  to  assist  the  magnetic 
force.”  The  non-formation  of  induced  currents 
avoids  sparking. 

2,049.  L.  Nelson  and  I.  E.  Anderson,  New 
\oik.  (//.  ]\f.  Paine  and  E.  L.  Paine^  2^ew 
Jersey,  U.S.A.)  Electro-Magnetic  Motors, 
&c.  lOd.  (3  figs.)  .lime  3. 

Motor.— Electro-magnets  for  motors  have  their 
cores  made  of  a number  of  plates  condnned  instead 
of  being  in  one  solid  piece.  Two  such  magnets  are 


set  on  one  shaft  “under  such  conditions  that  the 
poles  of  one  limb  shall  be  the  opposite  poles  of  the 
corresponding  end  of  the  other  limb.”  The  wires 
are  wound  around  the  limbs  or  cores  to  the  right 
and  left  respectively  in  separate  coils,  “ the  non-in- 
sulated  end  of  each  wire  being  secured  to  its  limb, 
while  the  two  opposite  ends  of  the  two  coils  con- 
nect in  one  common  union  with  an  insulated  con- 
ductor which  passes  through  and  out  of  the  shaft.” 
With  this  arrangement  of  parts  the  current  \i  ill 
simultaneously  pass  around  each  limb,  and  thus 
secure  a “ synchronous  polarisation  of  the  limbs.  ’ 
The  armature  in  “rotatory  electro-motors”  is 
grooved  longitudinally  in  order  to  “ increase  the 
iluty  of  the  magnet”  by  taking  advantage  of  the 
“ pulsative  action”  at  the  moment  the  edge  of  the 
magnet  passes  the  edge  of  the  armature.  This  pul- 
sative action  is  said  to  greatly  exceed  the  “ geneial 
pull.”  The  speed  of  motors,  constructed  in  accord- 
ance with  this  invention,  is  regulated  by  the  inser- 
tion of  resistances  into  the  circuit,  a rheostat  being 
used  for  the  purpose. 

2,059. — F.  Greening,  Plaistow.  Compounds  of 
Soluble  Gun-Cotton.  4d.  June  4. 

Conductors. — An  insulating  material  for  elec- 
trical conductors  is  made  by  submitting  mixtures 
of  paraffine,  shellac,  resin,  or  gum,  and  also  the  re- 
sidues left  after  distilling  the  heavier  tar  oils  or 
mixtures  of  these  substances  with  soluble  gun- 
cotton, to  the  action  of  creosote  obtained  from  wood 
tar.  When  these  materials  are  incorporated  they 
assume  a “uniform  plastic  condition”  suitable  for 
application  to  conducting  wires. 

2,205. — C.  Clamond,  Paris.  Electro  - Motor 
Machines.  4d.  .fune  15. 

Motor. — Two  bundles  of  electro-magnets,  formed 
of  rods  of  soft  iron  surrounded  by  coils  of  wire,  are 
united  electrically  by  a commutator.  One  of  them 
is  fixed,  and  remains  always  magnetised  in  the 
same  manner.  The  other  rotates,  and  as  it  does  so 
“ the  direction  of  its  magnetisation  changes  alter- 
nately from  one  electro-magnet  to  the  other.”  In 
this  way  successive  attractions  and  repulsions 
occur  between  the  poles  of  the  electro-magnets  of 
the  two  bundles,  -which  result  in  rotary  motion  of 
one.  The  commutator  is  a cylinder  of  wood,  pro- 
vided with  grooves  in  which  six  copper  blades  are 
lodged.  These bhnles  “are  grouped  in  two  series  of 
three  branches,”  which  communicate  with  each 
other  by  means  of  two  copper  rings,  ‘ ‘ so  that  as 
soon  as  the  current  arrives  in  one  of  tlie  branches 
it  is  at  the  same  time  transmitted  to  the  two  others 
of  the  same  series.”  The  circuit  is  closed  by  means 
of  adjustable  contact  combs,  which  are  fixed  to 
copper  plates,  but  insulated  therefrom.  'With 
these  plates  are  connected  the  copper  blades  by 
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which  the  cufrents  (preferably  from  a thermopile 
of  the  inventor’s)  arrive.  To  the  same  blades  are 
sohlere<l  bands  which  pass  round  the  fixed  bundle 
to  the  coils,  from  which  they  distribute  the  current. 
In  all  the  coils  of  the  two  bundles  the  wire  is 
wound  in  the  same  direction,  so  that  a change  of 
direction  of  the  current  suffices  to  reverse  the 
polarity  of  the  magnet.  This  is  effected  by  the 
commutator.  The  wires  of  the  bobbins  are  united 
by  a hexagon,  the  sides  of  which  are  connected 
three  with  one  band  and  three  with  the  other  band. 
By  this  arrangement  the  current  is  sent  in  opposite 
dii'ections  in  two  consecutive  bobbins,  “ thus  im- 
parting magnetisation  of  contrary  name  to  the 
electro-magnets  to  oppose  the  variable  poles  of  the 
movable  bundle.  ” 

2,410. — F.  M.  A.  Chauvin,  L.  H.  Goizet,  and  A. 

Aubrey,  Baris.  Electric  Submerged  Lamp. 

8d.  (6  figs.)  July  3. 

INC.A.XDESCEXCE  Lame. — The  body  of  the  lamp  is 
a glass  bulb  A,  the  neck  of  which  is  hermetically 
closed  by  an  india-rubber  plug  B.  Two  metal  con- 
ductors C C separated  and  insulated  from  each 
other,  pass  through  the  plug  B,  and  at  their  ends 
within  the  globe  are  joined  by  means  of  the  helical 
platinum  v ire  D.  In  place  of  this  platinum  v ire 
may  be  substituted  two  carbon  rods,  “ carried  by 
rods  forming  springs  to  bring  them  into  contact  in 


proportion  as  they  are  worn  away  by  the  combus- 
tion ” It  is  stated  that  in  consefpience  of  the 
strong  heat,  the  air  contained  within  the  bulb  will 
1 e dilated  and  expelled,  producing  “ a vacuum  very 
favourable  to  the  intensity  and  radiation  of  the 


electric  light.”  The  lamp  is  designed  for  use  under 
water. 


*2,564. — T.  A.  Hequet,  Baris.  Electro-Mag- 
nets. 4d.  July  17. 

Electro-Magnets. — The  object  of  this  invention 
is  to  annihilate  residual  magnetism,  which  is  done 
by  “separating  magnetically  the  two  bobbins  of 
the  electro-magnet  frem  each  other,  either  by 
dividing  the  iron  yoke,  which  joins  them,  or  by  in- 
troducing noil-magnetic  material  between  the  bob- 
bins and  the  said  yoke  at  their  points  of  junction 
therewith.” 

2,633. — F.  R.  Lucas,  London.  Submarine 
Cables.  8d.  (2  figs.)  July  24. 

CoNiircTORS. — This  relates  to  the  manufacture 
of  deep  sea  cables,  so  as  to  give  the  greatest  pos- 
sible strength,  combined  with  compactness  and  low 
specific  gravity.  A core,  after  being  served  with 
jute  or  other  yain,  is  sheathed  with  Manilla  hemp 
yarns  and  wires  laid  side  by  side  helically  around 
the  core.  The  cable  may  receive  an  outside 
serving  of  yam  and  cempound  in  the  usual  way. 

*2,767. — E.  G.  Brewer,  London.  (S,  A.  Kosloff, 
St.  Petn-dmnj.)  Electric  Light.  4d.  Au- 
gust 5. 

Incandescence  Lamp. — This  provisional  speci- 
fication describes  substantially  the  same  invention 
as  that  for  which  a patent  was  granted  to  S.  A. 
Kcsloft’  on  July  5 of  this  year,  numbered  441. 

2,787.— J.  H.  Joh  nson,  London.  (F.  E.  de 
Mermmie,  Parig.)  Electric  Signals.  2s.  lOd. 
(38  figs.)  August  7. 

Electric  Light. — This  invention  relates  to  the 
use  of  electric  lights  for  signalling  purposes  and 
consists  of  apparatus  for  producing  several  signal 
lights  sinndtaneously  in  different  places,  by  means 
of  a single  current  derived  from  a single  generator. 
For  this  purpose  the  lamps  are  constructed  to  pro- 
duce a succession  of  sparks  between  two  carbon  or 
other  electrodes,  the  principle  of  their  construction 
consisting  in  making  one  or  both  of  the  electrodes 
vibrate  into  or  out  of  contact.  The  current  is  dis- 
tributed to  the  lamps  by  apparatus,  which  is  illus- 
trated in  detail  and  very  fully  described,  in  such  a 
way  that  no  two  lamps  ever  vibrate  together,  and 
so  as  to  produce  in  each  of  them  sparks  which 
never  appear  simultaneously,  and  thus  the  intensity 
of  the  sparks  produced  is  in  proportion  to  “ the 
integral  energy  of  the  current  of  the  generator.” 
Tills  specification  runs  to  23  pages. 

*2,946.— C.  A.  Faure,  London.  Thermo-Elec- 
tric Batteries  and  Electro-Motors.  4d. 
August  21. 
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Motou. — A thermo-electric  battery  is  constructed 
around  the  core  of  the  electro-magnets  of  electro- 
motors, that  is  to  say,  the  coils  of  the  electro- 
magnets are  di\’i<led  at  intervals,  and  a thermo- 
electric element  is  inserted  in  each  division.  The 
helix  on  each  branch  of  the  magnet  will  thus  be 
continuous,  and  if  the  four  ends  of  the  two  coils  be 
properly  connected,  the  magnet  will  exercise  strong 
atti’action  on  any  iron  armature  capable  of  revolv- 
ing in  front  of  its  free  poles.  By  automatically  in- 
terrupting the  circuit,  the  attraction  of  the  magnet 
will  cease,  and  the  armature  will  be  free  to  con- 
tinue its  motion  under  the  momentum  it  has  ac- 
quired. Another  plan  is  to  construct  a magnet 
capable  of  revolving  on  a shaft  having  its  axis 
coincident  with  that  of  the  magnet.  The  magnet 
is  formed  of  steel  wires  arranged  around  one  or 
more  drums,  fixed  to  the  shaft,  so  as  to  form  a 
hollow  cylinder.  Round  each  pole  of  this  magnet 
is  a copper  cap.  The  current  from  a thermo- 
electric battery  is  then  made  to  “circulate  radi- 
ally” in  these  caps,  when  the  hollow  magnet  will 
be  caused  to  rotate.  The  caps  may  be  built  up  of 
a series  of  cylinders,  grooved  and  tongued,  with 
the  interposition  of  thermo-electric  elements. 

*2,996. — W.  J.  Kilner,  London.  Magneto- 
Electric  Apparatus.  8d.  (5  figs.)  August  26. 

Magneto  - Electric  Gener.ator. — The  object 
of  this  invention  is  to  obtain  a continuous  current 


of  electricity  by  means  of  a magnet  rotating  within 


a soft  iron  ring,  on  which  arc  placed  coils  of  insu- 
lated copper  wire.  Fig.  1 represents  a section  of  a 
generator,  constructed  on  this  principle.  A is  the 
soft  iron  ring  surmounted  by  the  coils  of  insulated 
wire  B,  the  ends  of  which  terminate  in  knots  or 
brushes  E E',  pressing  on  tlie  copper  segments 
f P-  Fig-  2 is  anotlier  view  of  these  seg- 

ments showing  their  connections,  and  mode  of 
arrangement.  They  are  secured  to  the  axle  D by 
the  cross-piece  H H,  and  revolve  witli  it.  Fixed 
on  the  same  axis  is  a bar  magnet  (not  shown  in  the 
illustrations),  witli  its  axis  placed  in  a line  with 
the  junctions  of  the  copper  segments  I I',  and  its 
ends  reaching  almost  to  the  inner  circumference  of 
the  coils  B.  The  segments  F F',y'/’  are  connected 
in  the  manner  shown  to  the  copper  rings  g r/', 
against  which  the  terminal  springs  D D,  G G press. 
The  action  of  the  generator  is  explained  as  follows : 
When  the  N.  pole  of  the  magnet  approaches  any 
given  point  in  the  soft  iron  ring,  this  point  becomes 
magnetised  with  S.  polarity.  The  intensity  of  this 
pole  becomes  greater  as  the  rotating  magnet  ap- 
proaches, so  that  a current  of  electricity  is  induced 
in  the  coil  placed  round  this  point  in  the  iron  ring ; 
but  when  the  N.  pole  is  receding,  this  point  loses 
its  magnetism  and  begins  to  accjuire  opposite  po- 
larity on  the  approach  of  the  S.  pole  of  the  rotating 
magnet.  The  induced  current  is  thus  caused  to 
change  its  direction,  but  from  the  arrangement  of 
tlie  collecting  segments  F F',  / f it  is  evident  tliat 
eacli  current  reaches  tlic  terminals  in  the  same 
direction.  More  than  one  rotating  magnet  may 
be  used,  in  which  case  the  number  of  collecting 
segments  must  be  increased  in  proportion.  A com- 
mutator of  complicated  construction  for  varying 
the  connections  of  the  coils,  and  thereby  the 
electromotive  force  of  the  generator,  is  illustrated 
and  described. 

3,085. — T.  H.  Richardson,  Leeds,  and  A.  Mof- 
fatt,  Mirfield,  Yorks.  Signalling  in  Railway 
Trains.  Is.  6d.  (1.3  figs.)  September  2. 

Conductors. — A cable  for  use  on  railway  trains 
consists  of  three  copper  wires  “ imbedded  by  pre- 
ference in  india-rubber  of  good  (piality.”  Con- 
nections between  carriage  and  carriage  are  made 
by  short  lengths  of  cable  having  helical  wire  con- 
ductors enclosed  in  vulcanised  india-rubber  tubing, 
the  wires  terminating  in  metal  eyes,  which  take 
into  suitable  hooks  on  the  carriages,  to  which  hook 
the  main  cables  are  connected. 

3,243. — E.  P.  Alexander,  London.  (E.  Dimjhi 
Pant.)  Magneto-Electric  Machines,  &.C. 
Is.  (19  figs.)  September  16. 

Dynamo-Electric  Generators. — The  improve- 
ments embodied  in  this  inv^ention  relate  particu- 
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laily  to  the  ai  matiires  of  (lyiiamo-electric  gene- 
rators. Four  distinct  inetliods  of  construction  are 
described  and  illustrated,  but  in  principle  they 
arc  similar.  ]5y  one  method  the  armature  is  built 
up  of  a number  of  elements,  each  consisting  of  an 
electro-magnet  of  the  form  represented  in  Fig.  1, 
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having  two  insulated  coils  H I,  and  a perforation 
in  the  centre  of  its  length.  These  elements  are 
threaded  upon  a shaft,  and  fi.ved  as  shown  in 
Fig.  2,  which  represents  a complete  armature. 
The  coils  are  all  joined  up  in  one  series,  and  the 
points  of  juncture  of  those  of  each  element  are 
connected  respectively  to  the  several  divisions  of 
the  commutator  C,  the  sections  of  which  corre- 
spond with  the  number  of  elements.  The  lines  of 
division  of  the  commutator  are  disposed  obliipiely 
“ in  order  to  obtain  a continual  contact  of  the  seg- 
ments with  the  rubbers.”  The  number  of  com- 
mutator sections  may  also  be  double  that  of  the 
elements,  in  which  case  the  two  coils  on  the  latter 
are  treated  separately,  each  junction  having  a cor- 
responding commutator  plate.  Bj'  another  method 
of  construction  the  elements  are  -f  shaped,  and 
each  provided  with  four  coils,  one  on  each  arm. 
These  armatures  are  caused  to  rotate  between  the 
poles  of  one  or  more  electro-magnets  suitably  shaped 
so  as  to  endjrace  the  armature  as  closely  as  possible 
witliout  being  in  actual  contact  therewith.  To 
obtain  currents  of  great  quantity,  the  wires  of  the 
armature  coils  “ may  be  replaced  by  insulated 
sheet  copper  ribbons.” 

Motoks. — Generators  constructed  as  described 
above,  form  efficient  electro-motors. 


3,364. — W.  R.  Lake,  London.  (./.  B.  Fidhr, 
Brookliin,  (J.S.A.,  and  J . X.  Crandall,  Xor- 
vicli,  Connfrficnf,  U.S.A.)  Magneto-Electric 
Machines.  8d.  (8  figs.)  September  2o. 

Dvnamo-Ei.ix’tkic  Genkratok. — The  armature 
consists  of  several  radial  iron  arms,  wound  with  coils 
of  insulated  wire,  arranged  at  equal  distances  apart 
ai'onnd  a horizontal  shaft  or  cylinder.  The  ends 
of  the  coils  are  connected  to  form  one  complete 
circuit  with  all  the  coils  in  series.  The  junctions 
between  the  wires  of  the  adjacent  coils  are  also 
connected  to  a sectional  commutator,  fixed  to  the 
shaft,  against  which  on  oiiposite  sides  two  metal 
springs  press.  'I'herc  are  two  field  magnets  placed 
vertically,  one  on  either  side.  The  pole-pieces  of 
these  magnets  are  curved  and  tapered,  and  they 
together  embrace  the  greater  portion  of  tlie  peri- 
phery of  the  armature.  The  invention  states  that 


by  tapering  the  magnetic  poles  “ the  abrupt  falling 
off  of  the  magnetic  force  is  prevented,  and  the 
resulting  current  rendered  more  uniform.”  There 
may  be  any  number  of  field  magnets,  and  there 
should  be  as  many  commutator  springs  for  each 
commutator  as  there  are  magnetic  poles.  The 
magnets  may  be  excited  by  a battery,  magneto- 
electric generator,  or  a suitable  number  of  coils 
from  the  generator  itself.  The  arms  of  the  com- 
mutator may  each  ha\e  two  coils,  the  currents 
from  one  of  which  would  be  used  to  excite  the  field 
magnets. 


3,416. — J.  H.  Johnson,  London.  (J.  S.  Camacho, 

Pari.i.)  Electro-Magnetic  Engines.  lOd. 

(8  figs.)  October  1. 

Motor. — A nundier  of  armatures  are  arranged 
upon  the  surface  of  a cylinder,  and  come  in  turn 
under  the  attractive  influence  of  a series  of  electro- 
magnets fixed  to  a frame,  and  placed  radially  with 
respect  to  the  axis  of  the  cylinder.  The  armatures 
are  composed  of  a number  of  iron  plates  “ arranged 
normally  at  the  acting  surface  of  the  electro- 
magnets, and  magnetically  insulated  from  one  an- 
other by  the  interposition  of  any  suitable  sub- 
stance,” such  as  paper,  resin,  ami  the  like, 
“ which  form  bad  conductors  of  magnetism.  In  this 
manner  the  magnetisation  is  produced  succes- 
sively in  each  of  the  plates  of  which  the  armature 
is  composed,  and  which  in  consequence  of  their 
small  volume  are  thus  brought  to  a condition 
of  maximum  magnetisation  as  soon  as  they  come 
within  the  range  of  magnetism  of  one  of  the  eleetro- 
magnets,  and  the  travel  of  the  armature  is  com- 
pleted in  the  condition  of  maximum  magnetism,” 
whence  it  is  said  “ a greater  production  of  force,  with 
thesameexpenditureof  electricity, is  accomplished.” 
In  the  commutator  the  piece  of  metal  serving  as 
a conductor,  instead  of  being  made  of  rectangular 
shape,  is  constructed  in  the  form  of  a “ trapezium 
or  triangle,  so  that  the  rubber  which  acts  against 
it  continues  in  contact  therewith  during  only  a 
fraction  of  a revolution,  varying  acconling  to  the 
position  in  which  the  contact  maker  is  placed.”  By 
adjusting  the  position  of  the  commutator  upon  its 
axis  of  rotation,  the  length  of  time  the  rubbing  sur- 
faces are  in  contact  is  regulated,  and  thereby  the 
speed  of  the  motor.  The  electro-magnets  used 
in  this  motor  arc  by  preference  made  of  tubuhu' 
section. 

3,466.  W.  Prosser,  London.  Electric  Lamps. 

10(1.  (14  figs.)  October  (). 

Arg  Lamps. — This  invention  relates  to  electric 
lamps  in  which  the  light  is  produced  either  by  the 
eombination  of  a Iluid  with  a solid  electrode,  or  by 
the  meeting  of  two  or  moi'c  carbons  at  a point.  In 
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the  former  type  of  lamp  tlie  inventor  claims  the  use 
of  a “ malleal)lc  glass  ” globe  to  enclose  tlic  light, 
a double  glass,  having  an  intervening  space  to  pre- 
vent tlic  access  of  air  to  tlie  glass  immediately 
enclosing  the  light,  and  a plurality  of  fluid  jets  as 
a positive  or  negative  electrode.  In  the  second 
type  of  lamp  two  negative  carbon  electrodes,  the 
one  opposite  to  or  placed  at  an  angle  with  the 
other,  are  kept  in  contact  by  a spring  or  weight, 
their  point  of  junction  being  immediately  beneath 
the  jiositive  electrode,  which  is  also  of  carbon. 
The  negative  electrode  may  in  some  cases  be  a 
disc  kept  slow  ly  rotating.  In  another  form  of  this 
lamp  two  or  more  carbon  electrodes  radially 
abutting  against  each  other  may  be  employed  for 
each  pole. 

*3,666. — J.  F.  Lackersteen,  London.  Tele- 
graph Cables.  4d.  October  21. 

CoNurcTOR.s. — A coj^per  conducting  wire  is  sur- 
rounded by  a casing  of  iron,  steel,  or  other  suitable 
metal  by  means  of  a draw  plate.  The  compound 
Avire  thus  produced  may  be  reduced  to  any  desired 
gauge,  the  copper  core  and  iron  casing  still  main- 
taining the  original  relative  proportion  betAveen 
their  sectional  areas.  It  is  preferred  to  insulate 
such  Avires  A\ith  a cOA'ering  of  vulcanised  india- 
rubber,  cured  after  application  to  the  A\  ire.  Other 
materials,  hoAveA'er,  may  be  employed,  and  the 
Avhole  may  be  sheathed  Avith  a covering  of  AA'OV'en 
or  tAA’isted  AA'ire.  Several  conductors  prepared 
in  this  AAay  may  be  combined  into  one  cable, 
Avhich  may  then  receive  an  additional  protective 
sheathing. 

3,762. — T.  A.  Edison,  NeAvark,  Xbaa-  Jei'sey, 
U.S.A.  Autographic  Printing.  Is.  2d.  (2.5 
tigs.)  October  29. 

!Motok. — This  iiiA'ention  relates  in  the  main  to 
an  electric  pen,  or  puncturing  apparatus,  Avhicb  is 
actuated  preferably  by  a small  rotary  electro- motor. 
This  consists  of  a horseshoe  electro-magnet  attached 
to  a frame  that  supports  the  axis  of  a flyAvheel. 
Across  one  side  of  this  flywheel  is  fixed  an  arma- 
ture, Avhich  as  the  wheel  revolves  passes  A’ery  close 
to  the  poles  of  the  electro-magnet.  The  commu- 
tator is  a spring  acted  upon  by  a notched  and 
flattened  disc,  so  as  to  make  and  break  the  circuit 
through  a contact  screw. 

*3,795. — G.  Zanni,  London.  Telegraph  Signal- 
ling and  Printing  Apparatus.  4d.  No- 
A'ember  1. 

M.agxeto-Electric  Gener.ator. — This  invention 
relates  to  the  application  of  magneto-electric  appa- 
ratus to  sending  telegraphic  signals,  but  no  details 
of  such  apparatus  are  giA  en. 


*3,798. — S.  E.  Phillips  and  W.  C.  Johnson, 
Charlton,  Kent.  Telegraph  Cables.  4d. 
November  2. 

Conductors. — Electrical  cables  are  protected  by 
,a  serving  of  “ Hessian,”  or  strips  of  canvas,  AA'itli- 
out  sch'age,  applied  either  internally  for  the  pro- 
tection of  the  core,  or  externally  oA^er  the  slieathing 
Avires,  and  laid  round  the  cable  preferably  A\  ithout 
OA’erlapping  the  last  turn  of  the  same  strip  of 
serving,  but  making  a flush  joint  Avith  it.  For  core 
serving  the  canvas  is  applied  either  unprepared  or 
tanned,  but  for  external  use  it  is  saturated  Avith  a 
preservative  compound  of  tar,  pitch,  and  silica. 
If  two  or  more  successiA'e  servings  of  caiiA'as  are 
applied,  they  are  Avound  right  and  left  handed 
alternately. 

3,999. — A.  Browne,  London.  (D.  F.  Kimhall, 
New  York.)  Electro-Magnetic  Engines  and 
Galvanic  Batteries.  8d.  (7  figs.)  Novem- 

ber 18. 

^loTORS. — A shaft  is  provided  \Aith  a suitable 
numl)er  of  T shaped  armatures,  the  cross-pieces  of 
Avhich  are  parallel  with  the  axis  of  the  shaft  and  at 
etpial  distances  from  it.  Tavo  electro-magnets  are 
airanged  at  opposite  ends  of  the  base  of  the  frame 
that  supports  the  rotating  shaft,  and  have  T 
shaped  polar  extensions  corresponding  AA'ith  the 
armatures.  A commutator  of  the  usual  construc- 
tion is  provided,  by  Avhich  the  circuit  through  the 
magnets  is  intermittently  completed,  so  as  to  cause 
them  to  alternately  attract  and  release  the  arma- 
tures. The  iiiA'entor  considers  it  an  important 
feature  in  this  motor  that  the  several  armatures 
are  entirely  isolated  from  each  other  except 
through  the  common  hub,  because  the  residual 
magnetism  in  the  electro-magnet  cores  is  less  Avhen 
they  are  deprived  of  any  body  to  act  upon,  and  the 
so-called  “ back  pull  ” is  tlierefore  obviated. 

4,115. — W.  T.  Henley,  PlaistoAv,  Essex.  Sub- 
marine Telegraphic  Cables,  &c.  Is.  2d. 
(20  figs.)  November  2(i. 

Ck)NDUCTORS. — The  object  of  this  invention  is  to 
combine  lightness  Avith  strength  in  submarine  cables, 
and  at  the  same  time  to  produce  them  cheaply.  A 
number  of  strong  cords  or  strands  of  Manilla  hemp 
are  first  laid  round  the  core  Avitli  a long  tAvist,  and 
around  these  strands  is  applied  Avith  a short  tAvist 
a tape  or  webbing  formed  of  jute,  and  preferably 
saturated  Avith  marine  glue.  Steel  Avires  are  then 
laid  over  this,  in  the  same  ilirection  and  AA’ith  the 
same  length  of  lay  as  the  Manilla  strands,  so  that 
the  Avires  lie  in  the  interstices  formed  by  such 
strands,  the  inteiwening  Avebbing  being  presseil  in 
by  the  AA’ires,  but  preA  enting  the  latter  from  forcing 
their  Avay  betAveen  the  cords.  As  many  Avires  as 
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cords  may  be  employed,  but  for  a liglit  cable,  half 
tlie  number  will  serve.  After  the  wires  are  laid  on, 
tlie  whole  is  served  with  a coat  of  compound  web- 
bing and  afterwards  passed  through  hot  marine 
glue.  Another  part  of  this  invention  consists  in 
curing  india-rubber  covered  conductoi's  in  ozokerit, 
paraffine  or  other  similar  hydro-carbon,  instead  of  in 
high-pressure  steam.  The  ozokerit  or  other  material 
is  contained  in  a closed  steam- jacketted  cylinder, 
into  which  the  core  is  introduced.  The  core  may 
also  be  cured  in  the  usual  way,  and  when  completely 
dried  it  may  be  placed  in  a vessel  of  heated  ozokerit 
under  pressure. 

4,118. — E.  L.  Paine,  Newark,  New  .Jersey,  U.S.A., 
and  L.  Nelson,  New  York.  (//.  M.  Paine, 
^ewarl',  Acw  Jerxey,  U.S.A.)  Electro- 
Magnetic  Motors.  ls.4d.  (Otigs.)  Novem- 
ber 2e. 

Mutoks. — This  invention  relates  to  motors  similar 
in  principle  to  that  described  in  Specification  No. 
2,049  of  187.J,  and  consists  in  improved  means  for 
making  and  breaking  contact,  in  such  motors, 
between  one  pole  of  the  battery,  and  the  rotating 
commutator.  Around  the  shaft  carrying  the  revolv- 
ing electro-magnets,  which  shaft  is  made  hollow 
and  of  non-conducting  material,  a number  of  metal 
ringsarearranged.  The  numberof  rings  corresponds 
to  the  number  of  electro-magnets,  and  each  ring  is 
connected  by  a wire  passing  through  the  hollow 
shaft  to  the  coil  of  its  corresponding  magnet. 
Around  the  peripheries  of  the  rings  a number  of 
crossbars  aie  arranged  parallel  to  the  axis  of  the 
shaft.  The  plates  or  bars  of  each  ring  are  equi- 
distant around  the  circumference,  so  that  between 
every  two  plates  of  one  ring  the  plates  of  another 
ring  or  rings  can  intervene.  The  rings  and  their 
crosslm-s  are  all  insulated  from  each  other.  To 
obviate  sparking  at  the  commutator,  the  inventor 
interposes  between  the  terminal  of  the  motor,  and 
the  commutator  just  described,  a bridge-shaped 
metal  shoe,  having  two  bearing  parts  or  edges  the 
same  distance  apart  as  the  crossbars  of  each  ring, 
so  that  when  in  position,  this  shoe  will  bear  against 
two  plates  at  a time,  in  such  a way  that  the  connec- 
tion between  the  plates  of  the  ring  connected  u ith 
one  magnet  is  gradually  cut  oil' whilst  the  connection 
with  the  plates  of  the  ring  of  the  succeeding  magnet 
is  being  gradually  made. 

4,206. — W.  R.  Lake,  London.  (C.  L.Van  Tennr, 
ParU.)  Electrical  Apparatus  for  Pro- 
ducing Fire  and  Light.  2s.  (72  figs.) 

December  4. 

Incaniif.scexoe  Lamp. — This  is  a platinum  spiral 


heated  by  the  current  derived  from  a suitable 
battery,  the  object  being  to  provide  a portable 
apparatus  for  obtaining  light. 

4,311. — A.  M.  Clark,  London.  (E.  Bertin,  Paris.) 
Dynamo  and  Magneto-Electric  Machines, 
fid.  (.3  figs.)  December  11. 

Dynamo  and  Macxeto-Electric  Gexer.vtors. 
— To  obviate  “certain  disadvantages”  in  the  usual 
forms  of  commutators,  as  applied  to  electrical 
generators,  the  inventor  places  on  the  shaft  of  the 
generator  as  many  collectors,  or  pairs  of  contact 
rings  as  there  are  induction  coils,  by  which  means 
a portion  only  of  the  current  may  be  used,  if  de- 
sired, and  all  the  coils  of  the  generator  may  be 
coupled  either  for  tension  or  quantity  at  will.  For 
example,  a machine  of  twenty-eight  coils  may  have 
seven  commutators  or  pairs  of  contact  rings,  the  first 
of  which  receives  the  current  from  a single  coil,  the 
second  from  tw'o  coils,  the  third  from  three,  and  so 
on.  In  this  way  any  number  of  combinations  may 
be  effected.  Both  commutators  and  contact  rings 
may  be  used  in  the  same  machine  to  produce  alter- 
nate or  continuous  currents,  as  may  be  desired. 
The  inventor  enunciates  the  shunt  principle  of 
connecting  up  generators  as  follows  : “I  take  a 
dynamo-electric  machine  of  any  kind  having  a 
continuous  current  and  completely  close  the  circuit 
upon  itself,  but  instead  of  interj)Osing  the  woik  to 
be  done  in  a break  made  in  the  circuit,  1 interpose 
it  in  a derived  current  taken  from  the  poles  of  the 
machine,  u hich  furnish  the  currents  to  the  electro 
magnets.  In  this  arrangement,  which  I term  a 
lateral  derived  current,  if  the  work  to  be  performed 
is  constant  as  in  electro-metallurgy  and  other 
operations,  the  I’esult  is  very  much  improved.” 

4,384.-  W.  Smith,  London.  Joining  Telegraph 
Wi  res.  8d.  (12  figs.)  December  17. 

CoxnucTORS. — Joints  in  insulated  conductors  are 
made  as  follows  : A clamp  consisting  of  two 
plates  of  vulcanite  or  other  suitable  material  is 
provided,  each  plate  being  grooved  semicircidarly 
from  end  to  end,  so  that  when  the  two  plates  are 
held  face  to  face  there  is  a passage  between  them 
somewhat  smaller  in  diameter  than  the  covcreil 
wire  to  bo  joined.  A fine  screw  thread  is  cut  in 
the  passage  at  the  two  ends  and  the  central  portion 
is  enlarged  to  allow  sufficient  insulating  material 
to  be  placed  round  the  joint.  The  conducting  wire 
is  joined  in  the  usual  way,  and  the  insulating 
material  is  ap}ilied  over  the  joint.  The  clamp  is 
then  put  on  and  forcibly  squeezed  together  by 
means  of  a portable  vice. 
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367.— F.  L.  B.  Bedwell,  Loiulon.  Connecting 
Submarine  Telegraph  Cables  with  Light- 
ships, &c.  G(l.  (5  figs.)  January  29. 

Conductors. — This  invention  relates  to  a swivel 
for  the  purpose  indicated  in  the  title.  The  swivel  has 
a hollow  spindle  through  wliich  tlie  cable  is  passed. 

386.— A.  M.  Clark,  London.  (D.  F.  Loiitiii, 
Paris.)  Dynamo -Electric  Machines.  6d. 
(6  figs.)  January  .31. 

Dyn.\mo-Elkctric  Gener.utors. — In  construct- 
ing dynamo-electric  generators  : 1st.  The  field  mag- 
nets are  made  to  revolve,  whilst  the  armature  coils 
remain  stationary.  This  dispenses  with  a com- 
mutator, and  allows  the  currents  from  the  armature 
coils  to  be  dealt  with  separately,  or  to  be  coupled 
up  as  desired.  2nd.  The  field  magnets  are  con- 
siderably lengthened  so  as  to  allow  of  one  or  more 
conducting  wires  being  placed  on  them  from  the 
ends  of  which  currents  may  be  collected.  In  this 
M ay  both  continuous  and  alternate  currents  may  be 
generated  in  one  machine. 

557. — E.  Tyer,  London.  Signalling  in  Rail- 
way Trains.  6d.  (9  figs.)  February  11. 

Conductors. — In  coupling  electrically  the  ends 
of  conductors  used  for  signalling  in  railu'ay  trains, 
the  inventor  employs  u ire  brushes  in  the  folloM’ing 
M’ay  : The  ends  M’hich  are  to  be  coupled  are  pro- 
vided, one  M'ith  a cylindrical  plug,  and  tlie  other 
M'ith  a tube,  and  flexible  wire  brushes  are  fixed, 
either  upon  the  outer  surface  of  the  former  or  on 
the  interior  of  the  latter.  The  object  is  to  obtain 
a rubbing  contact.  Another  form  of  this  coupling 
consists  of  a jointed  lever  arm  on  the  end  of  each 
can  iage  carrying  at  its  free  end  a metallic  brush. 
These  brushes  are  brought  together  M'hen  making 
up  a train. 

*610. — G.  Weathers,  London.  Rotatory  Electric 
Light.  2d. 

Arc  Lamp. — The  chief  difficulty  attending  the 
use  of  arc  lamps  arises  in  the  regulation,  M'hich 
difficulty  the  inventor  overcomes  “ by  causing  a 
central  ball,  to  M'hich  the  negative  current  of  the 
battery  is  conveyed,  to  be  surrounded  on  all  sides 
by  brushes  or  balls  to  M'hich  the  positive  current 
ot  the  battery  is  transmitted.  The  opposite  elec- 
tricities are  further  developed  in  intensity,  and 
made  to  act  upon  one  another  at  a greater  distance 
by  the  aid  of  a mechanical  contrivance,  M'hereby 
the  positive  and  negative  balls  are  caused  to 
rotate  upon  their  axes  in  opposite  directions.” 

*802. — W.  J.  Kilner,  London.  Producing  Con- 
tinuous Currents  of  Electricity.  fid.  (5 figs.) 
February  26. 


Dynamo  or  Maoneto-Ecectric  Gener.\tor.s. — 
This  speeification  deseribes  an  invention  substan- 
tially similar  to  that  set  forth  in  Provisional  Speci- 
fication No.  2,996  of  1875. 

836. — P.  JablochkofF,  Paris.  Electro-Magnets, 
fid.  (6  figs. ) February  29. 

Electro-Magnets. — The  coils  of  electro-magnets 
have  their  conductors  brought  into  metallic  contact 
M'ith  the  soft  iron  core.  Tliese  coils  are  preferably 
made  of  a thin  metallic  ribbon  M'ound  upon  the 
core  in  such  a manner  as  to  have  one  of  its  edges 
in  contact  M'ith  the  core,  M'hilst  the  flat  surfaces 
of  successive  coils  are  separated  from  each  other 
by  a thickness  of  non-conducting  material.  The 
core  may  take  the  form  of  an  iron  dise,  on  the 
surface  of  M'hich  a spiral  conductor  is  fixed. 

1,412. — E.  Maden,  Portland.  Machinery  for 
Compressing  Air.  fid.  (4  figs.)  April  1. 

Magneto-Electric  Gener.«or. — In  connection 
M'ith  air  compressing  machinery,  and  for  exciting 
certain  electro-magnets  M'hich  form  part  of  it,  the 
inventor  prefers  to  use  “ Wilde’s  or  the  Gramme 
Company’s  ” electric  generators. 

*1,557.— W.  R.  Lake,  London.  (J.  B.  FaUcr, 
New  Yorh,  and  J.  N.  Crandall,  Norwich, 
Connecticut,  U.S.A.)  Magneto-Electric  Ma- 
chines. 2d.  April  12. 

Dynamo-Electric  Gener.vtors. — This  invention 
relates  to  generators  M'hich  ha've  tM  o sets  of  electro- 
magnets and  two  revolving  armatures,  and  M'hich 
have  a connecting  plate  so  placed  as  to  become  the 
“neutral  magnetic  point  in  both  sets.”  This  plate 
should  be  a heavy  iron  casting,  and  may  be  in  one 
piece  M'ith  the  electro-magnet  cores.  In  order  that 
both  of  these  magnets  sliall  produce  in  the  conneeting 
plate  “ the  same  polar  condition  ” the  magnet  coils 
should  be  M'ound  ‘ ‘ so  that  some  of  the  poles  are 
similar  M'liile  the  other  poles  are  dissimilar.  The 
polar  direction  from  the  south  poles  M ill  be  alike 
througli  the  bridge  toM'ards  the  north  poles.  The 
relative  strength  of  the  tMO  magnets  M ill  depend 
upon  tlie  location  of  the  bridge  and  the  relative 
length  of  each  set  of  cores.  Each  magnet  M ill  act 
independently  of  the  other,  and  possess  all  the 
chai'acteristics  at  the  poles  of  separate  magnets.” 
BetM'een  the  magnet  poles  armatures  “ of  any 
ordinary  construction  ” may  be  caused  to  revolve, 
the  currents  of  one  amature  being  used  for  exciting 
the  electro-magnets,  M'hile  those  from  the  other 
may  be  employed  for  any  useful  purpose.  It  is 
difficult  to  gather  a clear  idea  of  the  invention 
from  the  description  given  in  this  specification. 
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1,569. — H.  R.  Newton,  London.  Water  Supply 
and  Flushing  Apparatus.  Od.  (8  tigs.) 
April  1.3. 

Conductors. — This  invention  in  tlie  main  relates 
to  a system  of  drainage,  comprising  the  construction 
of  a subway  beneatli  the  road,  and  it  is  in  this 
subway  that  the  inventor  proposes  to  place  electri- 
cal conducting  wires  for  telegrapliic  or  other 
purposes. 

1,704.-  B.  F ixsen,  St.  Petersburg  and  London. 
(L.  Danchi'i'r/h,  St.  PclerftbKr!).)  India- 
Rubber  and  Gutta-Percha  Compounds. 
4d.  April  ‘22. 

Conductors. — Xew  insulating  compounds  are 
formed  “ by  the  combination  or  amalgamation  of 
ozocerite,  or  ozokerite  (also  know’ii  as  fossil  resin,  or 
fossil  wax,  or  earth  wax)”  with  india-rubber,  gutta- 
percha, or  a mixture  of  india-rubber  and  gutta- 
percha, or  with  other  compounds.  The  proportions 
in  which  the  ingredients  are  combined,  vary  with 
the  uses  to  which  the  compound  is  to  be  put. 
“Very  useful  results”  are  obtained  by  kneading 
together  100  parts  of  gutta  percha  and  .50  parts  of 
ozocerite.  Ozocerite  combined  with  india-rubber 
produces  an  easily  vulcanised  compound,  which 
retains  its  pliability,  and  is  unaffected  by  atmo- 
spheric influences.  It  is  also  proof  against  acids, 
and  whilst  it  is  not  liable  to  oxidation,  “ its  insulat- 
ing propert’es  for  electric  purposes  are  unimpaired,” 
and  its  specific  gravity  is  nearly  the  same  as  ordinary 
caoutchouc.  The  gutta-percha  compound  has  an 
insulating  capacity  greater  than  that  of  ordinary 
gutta-percha. 

■*1,900. — I.  L.  Pulvermacher,  London.  Gener- 
ating and  Applying  Electricity.  2d.  May  5. 

Rheostat. — “ One  part  of  this  invention  consists 
in  making  a resistance  coil  for  measuring  and  testing 
the  strength  of  an  electric  current  from  bands  made 
of  thin  Oerman  silver  wire,”  spun  by  a process  used 
by  the  inventor  for  making  bands  of  a different 
kind. 

Current  Meter. — This  is  a “voltameter  or 
electrolytic  current  measurer,  combined  with  a 
variable  resistance  changer  and  measurer,  and 
graduator  of  the  strengths  of  the  currents.  ” 

1,931. — W.  Clark,  London.  {L.  Uastet,  New  Yuri:, 
U.S.A.)  Electro-Magnetic  Engines.  Cd. 
(,)  figs.)  May  8. 

Electko-Maonetic  T^Iotor. — A horizontal  ro- 
tary shaft  or  hub  is  provided  with  a suitable 
number  of  T .shaped  armatures,  consisting  of  radial 
arms  terminating  in  rectangular  crosshcads,  each 
armature  being  separated  from  and  having  no  metal- 
lic connection  with  any  other  armature  except  what 
may  exist  throiigh  a common  hub.  With  this 


arrangement  of  armatures,  the  inventor  states  that 
he  is  able  to  produce  a motor  free  from  any  “ back 
pull  ” and  therefore  very  powerfnl.  Four  horse- 
slioe  magnets  are  fixed  with  their  cores  vertical, 
and  their  poles,  past  which  the  revolving  annatures 
move,  forming  the  four  corners  of  a square.  The 
cores  of  the  electro-magnets  have  T shaped  pole- 
pieces.  A cylindrical  commutator  of  ordinary  con- 
struction is  employed  to  distribute  the  current  to 
the  electro-magnets  at  such  time  as  any  one  arma- 
ture is  in  a position  to  be  attracted.  Tlie  inventor 
considers  it  a great  advantage  that  the  T shaped 
armatures  are  “magnetically  isolated  from  each 
other  ” except  through  their  common  hub. 

1,944. — W.  T.  Henley,  Plaistow.  Electric  Tele- 
graph Conductors.  8d.  (27  tigs.)  May  9. 

Conductors. — The  main  object  of  this  invention  is 
to  construct  cheap  conductors  and  to  more  efficiently 
protect  them  from  injury.  When  more  than  one 
conductor  is  used,  the  wire  or  strand  is  covered 
with  one  or  more  coats  of  india-rubber  laid  on 
helically,  over  which  is  applied  a laj'erof  felt.  The 
covered  wire  is  then  passed  through  ozokerit,  or 
other  similar  material,  and  the  required  number  are 
stranded  together.  The  rope  of  wires  thus  produced 
is  then  coated  with  vulcanisable  india-rubber,  which 
is  cured  in  accordance  with  Patent  Xo. -4, 11.5  of 
1S7;5.  Another  mode  of  insulating  conductors  is  to 
cover  the  wire  with  cotton  and  then  saturate  it 
with  an  insulating  compound.  To  remove  all  air 
and  moisture  from  the  cotton,  the  wire  is  enclosed 
in  an  air-tight  vessel,  surrounded  by  a steam  jacket, 
and  when  heated  the  air  is  exhausted  from  the 
vessel,  and  the  insulating  compound  allowed  to  jiass 
in.  The  wire  is  afterwards  taken  out  and  passed 
through  a die  or  rollers  to  make  it  round  and 
smooth.  The  compound  may  be  a mixture  of  gutta- 
percha, india-rubber  and  ozokerit,  or  paraffine,  india- 
rul)ber,  linseed  oil,  and  resin,  or  imlia-rubber  and 
cowrie  gum.  The  core  described  in  Specification 
X"o.  1,415  of  1875,  may  be  passed  through  hot 
ozokerit.  Conductors  for  subterranean  use  are 
enclosed  in  wrought  iron  or  steel  troughs  of  various 
sections,  which  are  illustrated  in  the  drawings. 
Various  devices  are  employed  for  fastening  together 
the  top  and  bottom  halves  of  these  troughs,  bayo- 
net joints,  studs  and  key-hole  perforations,  lap- 
pings of  wire,  and  wrought-iron  clips  and  wedges. 
Wood  troughing  with  wrought-iron  lids  may  also 
bo  used  to  protect  conductors.  In  submarine 
cables,  to  jirotect  the  core  from  the  ravages  of 
boring  animals,  the  inventor  proposes  to  lay  small 
wires  in  the  interstices  between  the  larger  wires  of 
the  sheathing,  so  as  to  eirectually  close  any  opening 
by  which  such  animals  could  intrude  themselves. 
'I'his  patent  also  includes  a collapsible  iron  i>ipe 
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Avliicli  is  closed  up  by  suitable  tongs  as  soon  as  the 
conductor  has  been  inserted. 

2,107. — E.  P.  Alexander,  London.  {A.  L<‘ma\fc- 
Douclnj,  Pnri/i.)  Apparatus  for  Testing  the 
Air  of  Mines.  6d.  (1  fig.)  May  18. 

^I.voneto-Electkic  Generators  and  Motors. — 
In  connection  with  apparatus  for  testing  the  air  of 
mines,  the  inventor  proposes  to  work  certain  cocks 
“ by  the  action  of  electro  motors  or  magneto- 
electric machines  of  the  Gramme  or  other  type.” 

2,725. — P.  Protheroe,  Surbiton.  Establishing 
Telegraphic  Communication  with  Light- 
ships. 6d.  (6  figs.)  July  .3. 

Conductors. — This  invention  relates  to  a method 
of  establishing  electrical  communication  with  light- 
ships, and  consists  in  securing  the  cable  in  such  a 
way  that  the  motion  of  the  ship  will  not  twist  or 
drag  it.  This  is  done  by  bringing  the  cable  to 
an  immovable  mooring,  sunk  as  described  in  Pro- 
visional Specification  No.  2,408  of  1870.  To  this 
mooring  a tube  is  attached  by  a universal  joint,  and 
through  this  tube  the  cable  is  led  to  the  upper  part 
of  the  buoy,  where  there  is  another  universal  joint, 
to  which  is  attached  an  arm,  connected  by  a mooring 
cable  to  the  lightship.  IVithin  a water-tight  casing 
in  the  buoy  are  “insulated  contact  surfaces  so 
arranged  as  to  allow  for  the  horizontal  rotary 
movement  of  the  mooring  cable  relatively  to  the 
buoy  and  also  for  its  vertical  oscillation,”  one  sur- 
face being  in  connection  with  the  electrical  con- 
ductor and  the  other  with  an  insulated  wire  led 
along  the  mooring  cable  to  the  ship. 

*2,750. — F.  Faucher,  Paris.  Electric  Brake  for 
Horses.  2d.  July  5. 

Magneto  - Electric  Gener.ator.  — To  control 
runaway  horses  the  inventor  employs  the  currents 
deriv'ed  from  a “Clarke’s  magneto-electric  ma- 
chine,” and  applies  the  same  to  the  horses’  bodies 
by  means  of  suitable  wires  attached  to  tlie  harness. 

2,759. — J.  Rubery,  London.  Wire  for  Electric 
Telegraphs,  &c.  2d.  July  G. 

Conductors.  — A copper  wire  of  high  con- 
ductivity is  inserted  in  the  channel  of  an  iron  or 
steel  wire  of  U section,  and  the  two  are  passed 
through  a draw-plate,  by  which  process  the  iron  or 
steel  wire  is  closed  upon,  and  completely  surrounds 
the  copper  core.  Connecting  wires  made  in  this 
way  are  light,  strong,  and  of  low  resistance. 

2,821. — G.  Zanni,  London.  Magneto-Electric 
and  Electro-Magnetic  Apparatus.  6d.  (4 
figs.)  July  11. 

Magneto-Electric  Generators.  — This  inven- 
tion relates  mainly  to  a cylindrical  armature  for 


magneto-electric  generators.  The  figure  shows  across 
section  of  this  armature,  which  consists  of  a nund)cr 


of  iron  cores  of  T section  grouped  around  a central 
shaft,  each  core  being  wound  i\  ith  insulated  wire 
in  a direction  parallel  with  the  axis  of  the  arma- 
ture. An  ordinary  cylindrical  commutator  has  its 
conducting  strips  connected  to  the  armature  coils, 
the  opposite  coils  being  coupled  together.  A mo- 
dification of  this  construction  consists  in  making 
the  perif)heral  portion  of  tlie  armature  an  iron 
cylinder  or  tulie.  The  armature  may  be  arranged 
in  combination  with  a permanent  magnet  or  mag- 
nets as  described  in  Specification  No.  3,24.)  of  1870. 
In  some  cases  the  magnetism  of  the  permanent 
magnets  is  augmented  by  surrounding  them  with 
a copper  wdre  in  connection  with  the  commutator 
springs. 

Dvnaiio-Electrio  Generator. — The  above  de- 
scribed armature  may  be  used  in  combination  with 
electro-magnets  for  generating  electric  currents. 

2,866. — A.  Deiss,  Plaistow,  and  R.  Scaife,  Lon- 
don. Treating  Gums,  Wax,  Rubber,  &c. 
4(1.  July  13. 

Conductors. — In.sulating  compounds  for  coating 
electrical  conductors  are  very  cheaply  produced  by 
the  following  process  : Pure  or  impure  gums,  wax, 
rubber,  gutta-percha,  old  or  new,  ceraffine,  ozokerit, 
asphalte,  sulphur,  and  other  mineral  and  animal 
products,  are  treated  with  solvents  under  pressure, 
and  with  the  assistance  of  steam  heat,  in  a closed 
vessel.  An  agitating  apparatus  mechanically  aids 
the  chemical  action  of  the  solvents,  and  when  tliey 
have  dissolved  the  whole  of  the  solid  bodies,  the 
resulting  solution  is  run  through  a filter  and  is  then 
ready  for  use,  or  if  it  be  desired  to  recover  tlie 
solvents,  the  solution  is  evaporated,  and  tlie  vapours 
collected  in  a condenser.  “ Excellent  results  ” are 
obtained  in  some  cases  by  mixing  solutions  of 
different  gums  or  bitumen. 

*2,886. — J.  Dewar, Cambridge.  Electrometers, 
&.C.  2d.  .Inly  14. 

Electrometers. — This  invention  a])plies  to 
electrometers  in  which  a horizontal  capillary  tube 
of  an  inch  in  diameter  is  used  in  connection  with 
a reservoir  at  one  or  botli  ends,  such  tube  having  a 
globule  of  electrolytic  liquid  between  two  columns 
of  mercury  in  the  reservoirs.  In  instruments  of 
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this  kind,  the  motion  of  the  {jloT)ule  is  very  small 
and  the  action  uncertain.  Hje  inventor  avoids 
these  difficulties  hy  employing  a horizontal  tube 
of  of  an  incli  diameter,  thereby  rendering  the 
apparatus  much  more  sensitive.  This  modification 
enables  the  exact  measurement  of  electromotive 
forces  to  be  olffiained  in  comparison  with  a given 
standard,  as  the  distance  traversetl  by  the  globule 
of  electrolytic  liquid  is  proportional  to  the  electio- 
motive  forces  acting  thereon.  The  movement  of 
the  globule  may  be  recorded  on  a cylinder  by 
means  of  a marking  instrument  set  in  motion  by  a 
fine  wire  passing  out  through  a small  hole  in  the 
horizontal  tube,  such  wire  Ixring  connected  to  a 
movalde  float  worked  by  the  globule.  TTie  electi’O- 
motive  force,  instead  of  being  measure<l  by  the 
displacement  of  the  globule,  maybe  calculated  from 
the  additional  weights  of  mercury  addetl  to  either 
reservoir  to  retain  such  globule  in  its  normal  con- 
dition. A second  part  of  this  invention  relates  to 
the  construction  of  standards  of  electromotive 
force.  A cuj)  of  mercury  has  at  its  lower  end  a 
capillary  orifice  dipping  into  an  electrolytic  liquid. 
Tlie  height  of  mercury  in  the  cup  must  Ije  main- 
tained at  a constant  level  above  the  capillary  orifice, 
or  at  the  level  of  the  electrolytic  liquid.  By  the 
dropping  of  mercury  from  the  capillary  orifice  into 
the  liquid,  a definite  electrical  potential  is  obtained 
depending  in  amount  on  the  diameter  and  length  of 
the  capillary  tube,  and  the  height  of  mercury  above 
the  orifice,  which  must  be  kept  constant  in  order  to 
produce  an  invariable  potential.  In  every  case  the 
apparatus  must  be  calibrated  by  comparison  with  a 
standard  battery. 

3,003.— R.  H.  Ridout,  Monmouth.  Galvano- 
meters. 2d.  July  25. 

G.vlvanometers. — As  usually  constnicted,  these 
instruments  have  a division  in  the  coil  through 
which  the  suspension  of  the  needles  is  accom- 
plished, the  result  of  this  method  of  construction 
being  that  “the  centre  parts  of  the  coil,  which 
should  be  the  most  energetic,  are  really  lost.”  The 
inventor  makes  a coil  in  one  solid  piece,  and  sus- 
pends a pair  of  astatic  needles,  one  within  it  and 
one  below  it,  the  upper  needle  being  pivotted  on  a 
needle  point  placed  witbin  the  coil  on  its  lower 
surface.  By  this  arrangement  it  is  possible  to  sus- 
pend fiom  the  centre  of  the  lower  needle  a de- 
pendent wire  needle  or  rod,  which,  passing  through 
a perforated  piece  of  glass  or  agate,  allows  the  ver- 
tical oscillations  of  the  needle  to  be  controlled. 

3^099. H.  P.  Scott,  London.  (IF.  Stnrkl(')-, 

L(‘hano)i,  FmitKiylrnuia,  U.S.A.)  Telegraph 
Wires  and  Cables,  fid.  (3 figs.)  Augusts. 
(h)NnucTOKS. — J'he  metallic  conductor  consists  of 
a wire  grooved  longitinlinally  or  otherwise,  so 


that  atmospheric  presence  is  secured  ” between  the 
wire  and  its  covering.  The  latter  consists  of  sheets 
of  mica  which  have  been  heated  to  a cherry  red, 
cooled  in  water  and  then  dried,  a base  of  Manilla 
paper  or  other  suitable  fibrous  material  being  used 
to  give  them  continuity.  The  covering  thus  pre- 
pared is  applied  to  the  grooved  conductor  in  strips 
wound  on  helically  ; over  this  a serving  of  cotton 
is  given  to  the  core  and  then  a coating  of  asphal- 
tiim  made  liquid  by  the  addition  of  mineral  tar. 
Finally,  a helical  serving  of  paper  strips  is  applied. 

3,264. — A.  M.  Clark,  London.  {B.  F.  I.  Loutiii, 
Paris.)  Dynamo-Electric  and  Magneto- 
Electric  Machines.  Is.  lOd.  (60  figs.) 
August  19. 

Dyn.\mo-Electric  Generators. — To  avoid  in- 
convenient heating  of  the  induced  helices  of 
dynamo-electric  machines  the  inventor  proposes  to 
multiply  theirnumber.  Sparking  at  the  commutator 
is  said  to  be  due  to  three  causes:  “ 1st,  the  currents 
proper  ; 2nd,  the  extra  current  ; 3rd,  static  elec- 
tricity.” The  current  proper  must  be  retained,  but 
the  extra  current  may  be  made  to  disappear  by 
the  use  of  condensers.  Static  electricity  is  pro- 
duced in  but  small  quantity,  if  the  insulation 
of  the  helices  is  not  “too  perfect.”  The  oxi- 
dising effect  of  sparking  at  the  commutator  can 
be  avoided  by  enclosing  it  in  a bath  of  non-drying 
oil.  A generator  embo<lying  the  above  improve- 
ments is  illustrated.  P is  an  iron  wheel  in  the 


parted.  Each  arm  of  the  wheel  has  coils  of  in- 
sulated wire  upon  it,  in  which  electric  cm i cuts  ait. 
induced  when  the  wheel  is  rotateil  in  front  of 
the  poles  of  the  electro-magnet  A Ab  Part  only 
of  the  electricity  produced  is  used  to  excite  the 
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field  magnets.  A eommutatoi’  gives  a continuous 
direction  to  the  currents  generated.  In  a modi- 
fication of  this  generator  there  are  two  “ induction 
wheels  ” on  the  same  shaft,  one  being  applied  to 
excite  the  field  magnets  and  the  other  to  outside 
wires.  The  coils  of  the  “induction  wheels”  are 
joineil  up  so  as  to  form  a closed  circuit.  Several 
modifications  of  this  generator  "are  described, 
including  alternate  current  and  electrolytic  gene- 
rators, and  the  inventor  specially  claims  “ the 
principle  of  sending  all  the  electricity  produced  by 
one  or  more  scries  of  coils  or  induction  wheels 
to  the  electro  - magnets  of  the  dynamo  - electric 
machine,”  and  “of  introducing  in  a break  of  the 
circuit  the  apparatus  in  which  the  desired  chemical 
or  magnetic  resu’t  is  to  be  produced,  the  principle 
having  been  laid  down  in  Patent  No.  473  of  1875.” 
Another  improvement  is  effected  by  using  flexible 
metal  combs  to  rub  on  the  commutator.  In 
arranging  a number  of  induction  wheels  on  the 
same  shaft  the  coils  of  each  wheel  are  displaced 
slightly  with  reference  to  those  of  the  other  wheels. 
To  diminish  the  rapidity  of  magnetisation  and  de- 
magnetisation, and  thereby  to  reduce  sparking  at 
the  commutator,  the  poles  of  the  electro-magnets 
may  be  extended  so  as  to  surround  the  induction 
■wheels,  either  partly  or  wholly.  The  coils  of  the 
induction  wheels  may  be  of  wire  or  metallic  ribbon. 
The  action  of  the  apparatus  may  be  reversed  so  as 
to  make  the  induction  wheels  the  inductors,  in 
which  case  the  currents  might  be  taken  from  the 
electro-magnet  coils  without  the  use  of  a com- 
mutator. In  some  cases  a separate  genei-ator  may 
be  used  to  excite  the  field  magnets.  A commutator 
is  described  which  consists  of  a toothed  wheel, 
having  the  teeth  insulated  from  each  other,  and 
eacli  tooth  eonnected  with  one  of  the  coils  of  the 
induction  wheels.  Tlie  collectors  are  also  toothed 
wheels,  entirely  metallic,  gearing  with  the  com- 
mutator, and  adjustable  on  a quadrant-shaped 
bracket. 

Magneto-Electric  Generators. — The  above- 
described  generators  may  be  modified  so  as  to  be- 
come magneto-electric  generators. 

Electro-Magnetic  Motor. — The  generators  in- 
cluded in  this  invention,  when  supplied  with  an 
electric  current,  become  efficient  motors,  and  they 
may  also  be  employed  as  brakes  by  taking  advan- 
tage of  the  immense  resistance  to  rotation  which 
arises  immediately  the  circuit  is  closed. 

3,315. — J.  H.  Johnson,  London.  [F.  E.  Dc 
Mcrmnne,  Paris.)  Electric  Light  for  Sig- 
nals, &c.  fid.  (10  figs.)  August  23. 

Arc  L.imp. — The  object  of  this  inv'ention  is  to 
produce  an  arc  lamp  for  signalling  purposes  which 
can  be  adjusted  from  a distance,  the  operator  being 
able  at  will  to  effect  any  desired  movement  of  the 


carbons,  either  as  regards  their  positions  relative  to 
each  other,  or  to  the  optical  focus  of  the  enclosing 
lantern.  The  means  by  which  it  is  proposed  to 
effect  this  are  as  follows  : — An  auxiliary  current  is 
employed,  in  the  circuit  of  which  are  “certain 
appliances  ” contained  in  the  base  of  the  lamp  and 
a manipulator  for  producing  the  signals.  In  closing 
the  circuit  of  this  auxiliary  current  by  suitable 
contact  makers  on  the  manipulator,  all  the  functions 
of  the  tamp  are  instantaneously  performed.  The 
lamp  case  is  of  cylindrical  form,  having  a dioptric 
lens  at  about  the  centre  of  its  height.  The  carbon 
holders  are  nuts  running  on  vertical  screws,  and 
each  of  the  latter  has  at  its  lower  end  a pair  of 
crown  ratchet  wheels,  between  the  opposed  teeth 
of  which  a pawl  works.  The  pawl  oscillates  between 
two  electro-magnets  placed  one  above  and  one 
below  it,  and  accordingly  as  it  is  attracted  by  one 
or  the  other  ratchet  wheel.  Two  horizontally 
placed  electro-magnets  also  act  on  the  pawl  so  as  to 
give  it  a side  movement  and  thereby  effect  rotation 
of  the  ratchet  wheels  and  screws.  Each  screw 
being  furnished  with  the  above  aiipliances,  it  can  be 
rotated  in  either  direction  by  closing  the  circuit  to 
one  or  the  other  of  the  vertical  electro-magnets, 
and  afterwards  to  the  horizontal  electro-magnets 
alternately.  A suitable  switchboard  is  arranged  so 
as  to  facilitate  the  transmission  of  the  currents  as 
required.  A small  electro-magnet  is  applied  to  the 
lower  carbon-holder  and  can  impart  to  it  a vibratory 
movement,  so  as  to  effect  contact  of  the  carbons, 
and  thereby  establish  the  arc.  The  lamp  can  be 
made  automatic  by  the  use  of  clockwork  to  operate 
the  distribution  of  the  current  to  the  regulating 
mechanism. 

3,412. — J.  E.  Massey,  London.  Ships’  Logs, 
&C.  8d.  (22  figs. ) August  30. 

Conductors. — Insulated  conductors  are  used  in 
connection  with  ships’  logs  when  it  is  desired  to 
communicate  their  indications  to  the  ship  by  means 
of  electricity. 

*3,462. — E.  G.  Brewer,  London.  [E.  E.  S.  Facio, 
Paris.)  Obtaining  Light  by  Electricity. 
2d.  September  2. 

Electric  Light. — This  invention  relates  to  the 
use  of  “Gessler”  ( ? Geissler)  tubes  in  connection 
with  a portable  battery,  for  such  purposes  as  seeing 
the  time  at  night  by  one’s  watch,  examining  ther- 
mometers, &c. 

3,533. — W.  C.  Johnson  and  S.  E.  Phillips, 
Charlton.  Telegraph  Cables.  4d.  .Sep- 
tember 8. 

Conductors. — For  serving  electrical  cables  a 
woven  fabric  called  “Hessian”  is  used.  This  is 
cut  into  strips,  and  applied  either  as  a packing 
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or  protection  for  tlie  core,  or  externally  over  the 
sheathing  wires  or  yams,  with  or  without  the  use 
of  a dressing  of  compound  or  other  preservative. 
The  preparation  of  this  fabric  is  described,  and  the 
inventors  claim  the  process  as  part  of  their  improve- 
ments. Tlie  fabric  is  saturated  with  a highly 
silicated  compound,  and  rolled  upon  a spindle,  after 
which  tlie  roll  is  cut  up  into  discs  b}^  a “knife  of 
peculiar  form.” 

3,534. — W.  C.  Johnson  and  S.  E.  Phillips, 
Charlton.  Insulators  for  Telegraph  Wires, 
(id.  (4  figs.)  September  8. 

IxsuLATuRS. — The  principle  of  tliis  invention  is 
the  “ introduction  of  a liquid  insulator  between  the 
line  and  the  earth,”  which  is  effected  in  several 
ways.  An  ordinary  cup-shaped  insulator  may  be 
inverted,  filled  with  the  liquid,  asid  provided  with 
a cover  to  exclude  rain,  or  an  erect  bell-shaped 
insulator  may  have  its  lip  turned  up  inwardly  so 
as  to  contain  tlie  liquid,  or,  lastlj',  a bell-shaped 
insulator  may  have  within  it  a cup-shaped  vessel 
with  li]i  turned  up  outwards.  The  liquid  in  all 
cases  is  by  preference  a hydro-carbon  “ which  will 
not  support  a film  of  moisture  or  dust  on  its 
surface.  ” 

*3,552. — R.  Applegarth,  London.  (P.  Jnhioch- 
I'ojf]  Paris.)  Electric  Light.  4d.  (S  figs.) 
September  1 1 . 

Electric  C.\xdles. — The  mechanism  generally 
used  in  electric  lamps  is  entirely  dispensed  with. 
Instead  of  causing  the  carbon  points  to  approach 
each  other  automatically  by  means  of  machinery,  in 
proportion  as  they  are  consumed,  they  are  placed 
side  by  side  with  an  insulating  substance  between 
them,  which  consumes  at  the  same  rate  as  the 
carbon  points.  For  this  purpose  porcelain,  brick, 
magnesia,  or  other  non-conducting  substance  may 
be  employed.  To  light  the  lamp  the  tips  of  the 
carbons  are  united  by  a small  slip  of  carbon. 
Carbons  of  difl’erent  thickness  are  used  to  insui’e 
equal  consumption  of  both.  One  or  both  of  the 
carbon  rods  may  be  jilaced  in  a tube  or  tubes  of 
insulating  material.  In  order  to  keep  the  arc  in  a 
focus,  clockwork  may  be  employed  to  raise  the 
candle,  such  clockwork  being  controlled  by  a 
portion  of  the  electric  current.  The  cai'bons  may 
be  inclined  towards  each  other  if  desired. 

Electrodes. — The  carbons  used  for  the  candles 
above  described  may  consist  of”:  ( I ) The  ordinary 
carbons  as  used  for  the  electric  light.  (2)  Hollow 
carbons  of  different  sizes.  (.'1)  Carbons  made  of 
compressed  coal. 

3,623. — C.  W.  Harrison, T.ondcin  Compounds 
for  Preserving  Metals,  &c.  4d.  Septem- 

ber Id. 


Conductors. — A protecting  varnish  for  outdoor 
electrical  conductors  is  made  by  “mixing  together 
and  heating  at  a low  boiling  point  for  a short  time 
|lb.  ozocerit,  Jib.  gutter-percha  or  india-rubber, 
lib.  rectified  resin  oil,  and  21b.  linseed  oil  varnish.” 
.Submarine  cables  are  protected  from  injury  by 
marine  animals  by  eoating  them  with  a compound 
of  equal  parts  of  ozokerit,  caoutchouc,  gutta-percha, 
and  gum  euphorbia,  or  alkaloid  extract. 

3,670. — C.  A.  Faure,  Faversham.  Thermo- 
Electric  Generators  and  Electro-Motors. 
6d.  (12  figs.)  September  19. 

Electro-M.agnetic  Motor. — This  consists  of 
two  horseshoe  electro-magnets  fixed  horizontally 
and  parallel  to  each  other,  and  so  arranged  that 
the  poles  form  the  four  corners  of  a rectangle,  and 
also  lie  in  tlie  same  vertical  plane.  The  magnet 
poles  are  furnished  with  wrought-iron  pieces  of  U 
shape,  between  the  branches  of  which  the  radii  of 
a star-like  armature  revolve.  A contact  breaker 
is  arranged  so  as  to  allow  the  electro-magnets  to 
be  excited  alternately.  The  armature  is  fixed  to  a 
spindle  running  in  bearings,  and  is  placed  parallel 
to  the  electro-magnets.  The  motor  is  designed 
for  use  with  a thermo-electric  generator  worked  by 
a gas  flame,  and  is  provided  with  a centrifugal 
governor  acting  on  the  supply  of  gas. 

3,782. — I.  L.  Pulvermacher,  London.  Appli- 
ances for  Generating  and  Applying  Elec- 
tricity. 8d.  (18  figs.)  .September  28. 

Current  ^Ieter. — A glass  jar  is  hermetically 
closed  by  a stopper  through  which  a tubular  glass 
stem  is  fitted.  The  upper  end  of  this  stem  is 
graduated,  and  near  the  portion  where  it  enters 
the  stopper  an  index  is  attached.  A graduated 
band  on  the  lip  of  the  jar  shows  the  amount  of 
rotation  which  has  been  given  to  the  tube.  The 
glass  stem  is  continued  towards  the  bottom  of  the 
vessel,  whei'e  it  is  bent  into  circular  form.  It  has 
a thin  platinum  strip  as  an  electrode  through  its 
whole  length  and  with  the  lower  end  projecting 
beyond  the  end  of  the  glass.  The  top  end  of  the 
platinum  strip  has  one  of  the  conducting  wires 
from  the  source  of  current  affixed  to  it  by  a loosely 
fitting  ring.  A\^ithin  the  vessel  is  a separate  glass 
tube  also  bent  in  circular  form,  closed  at  one  end, 
and  of  such  a diameter  that  the  stem  tube  may 
enter  into  it,  and  thus  reduce  the  thickness  of 
water  within  it,  the  containing  jar  being  filled  with 
water  to  a given  height.  The  open  end  of  the 
larger  tube  has  one  or  more  platinum  wires 
attached  in  ring  form,  and  a conducting  wire  lead- 
ing to  a terminal  screw.  4’hc  water  uscil  is  tinted 
so  that  its  rising  in  the  tubular  stem  may  be  easily 
seen.  This  rising  will  be  in  proportion  to  the 
amount  of  decomposition  ctlectcd  by  the  passage  of 
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a current,  ami  will  therefore  indicate  the  strength 
of  such  current.  The  free  end  of  the  hent  portion 
of  the  glass  stem  is  presented  at  starting  close  to 
the  month  of  the  larger  tube,  tlie  inde.K  fingei 
being  at  zero  ; by  causing  it  to  enter  the  larger 
tube  the  re.sistance  is  thereby  increased,  the 
amount  of  such  increase  being  indicated  upon  the 
graduated  band  above  mentioned.  A removable 
stopper  admits  of  tlie  gases  being  liberated  when 
the  apparatus  is  wanted  for  fresh  observations.  | 

G.\lv.\xometer. — This  is  termed  by  the  inventor 
“ an  automatic  compensating  galvanometer,”  and  | 
it  serves  as  a measurer  and  graduator  of  resistance.  | 
A hollow  cylindrical  box  has  a groove  in  the  bottom 
of  it,  charged  with  oil,  in  which  the  “ bob  ” of  an 
index  finger,  forming  part  of  a galvanometer  needle, 
is  caused  to  move  when  the  needle  is  deflected. 

This  needle  consists  of  a series  of  dished  plates  j 
spread  out  fan-like  at  their  pole  ends,  and  attached 
at  right  angles  to  the  index  finger.  The  edges  of 
the  plates  are  fastened  to  a segmental  metallic 
band,  forming  a kind  of  hood,  over  the  top  of 
which  a strip  of  “ conductable  paper”  is  placed, 
the  ends  of  such  paper  being  in  connection  with 
the  two  battery  poles  through  “ fine  metallized 
threads  ” dipping  into  mercury  cups  in  the  bottom  j 
of  the  containing  box.  Different  resistances  are  1 
obtained  by  blackleading  the  paper  on  its  surface,  , 
or  by  using  a metallic  powder  as  paint.  Included  j 
in  the  circuit  is  a fine  wire  coil  which  surrounds  i 
tho  top  part  of  the  case  of  the  instrument,  and  has  ] 
the  magnetised  needle  in  its  centre.  “ The  current 
in  the  coil  causes  a movement  of  the  needle  and  a i 
deflection  of  the  index  finger  in  proportion  to  the  | 
strength  of  tlie  current.”  The  deflection  is  read  I 
off  from  a graduated  scale.  As  the  needle  turns  on 
its  axis  one  end  of  tlie  paper  strip  is  lowered,  and 
the  current  travels  through  the  black-leaded  sur- 
face which  is  away  from  the  hood,  thereby  offering 
a resistance  in  proportion  to  the  quantity  of  paper 
unwound.  In  this  way  compensation  is  effected 
for  variation  of  current  strength. 

Resistances. — Another  part  of  this  invention 
refers  to  a substitute  for  resistance  coils,  which 
consists  of  thin  German  silver  wire  “spun  in  band 
form,”  analogous  to  the  voltaic  bands  devised  by 
the  inventor. 

4,159. — W.  Hibell,  Birmingham.  Joining  Iron 
and  Steel  Wire.  2d.  October  26. 

Conductors. — This  invention  relates  to  joints 
ill  iron  and  steel  conducting  wires,  and  consists  of 
scarfing  the  ends  and  brazing  the  junction.  The 
scarf  is  preferably  made  by  reducing  eacli  of  the 
two  wire  ends  to  a semicircular  section  for  about 
an  inch  fioni  the  end,  and  making  the  ends  wedge- 
shaped  and  the  shoulders,  against  which  they  take. 


under-cut.  In  joining  small  wires  the  scarf  is  a 
simple  incline  at  a very  small  angle. 

4,222.— G.  Zanni,  London.  Application  of 
Magneto-Electricity,  &c.,  to  Baths.  Gd. 

(1  fig.)  November  1. 

Magneto-Electric  Gener.itor.— For  applying 
electricity  to  curative  purposes,  the  inventor  pre- 
fers to  produce  it  by  apparatus  described  in 
Patents  No.  2,419  of  1858,  and  2,821  of  1870.  The 
former  relates  to  a magiieto-electrio  generator  for 
giving  intermittent  currents,  and  the  latter  to  a 
generator  of  a continuous  current. 

4,280. — H.  J.  Haddan,  London.  (E.  irr.'fon, 
Newark,  New  Jerxeij,  U.S.A.)  Magneto- 
Electric  Machines.  6d.  (8  figs.)  Novem- 

ber 0. 

Dvnamo-Electric  Gener.\tor.s. — In  the  gene- 
rators described  by  the  inventor  the  currents 
generated  in  a number  of  revolving  armatures  are 
passed  through  the  field  magnets,  thus  “involving 
a peculiar  construction  differing  widely  ” from  that 


adopted  up  to  the  present  in  generators,  which  in- 
volve the  principle  of  mutual  accumulation.  The 
diagram  shows  an  end  view  of  this  generator.  An  iron 
cylinder  A is  suitably  supported.  From  the  interior 
of  this  cylinder  a number  of  radially  projecting  mag- 
nets B B are  arranged,  all  pointing  towards  a com- 
mon centre,  which  magnets  are  preferably  made 
broad  transversely,  and  short  radially.  The  mag- 
nets B B are  wrapped  with  wire  or  ribbons  b h, 
and  the  cylinder  A may  also  be  similarly  wrapped. 
In  the  central  space  is  a shaft  (',  carried  on 
bearings  D D,  and  having  upon  such  portion  of  it 
as  is  within  the  cylinder  A a series  of  armatures 
E E,  all  connected  to  an  iron  hub  F.  The  arma- 
tures are  of  iron,  wrapped  with  wire  or  ribbon. 
M hen  these  armatures  are  revolved  past  the  mag- 
nets B B,  currents  of  electricity  are  generated  in 
the  wires  surrounding  the  armatures,  and  these 
currents  are  collected  and  made  continuous  by  a 
commutator.  This  commutator  consists  of  two 
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pieces  fixed  to  tlie  rev'olving  shaft,  ljut  insulated 
from  it,  and  from  each  other.  Projections  on  one 
piece  fit  into  recesses  on  the  other  piece,  so  that 
the  collecting  bruslies  are  alternately  in  connection 
with  each.  The  brushes  are  so  placed  that  both 
are  never  in  connection  with  the  same  half  of  the 
commutator  at  one  time.  On  I'evolving  the  arma- 
tures tlie  currents  which  are  generated  in  their 
coils,  after  being  made  continuous  by  the  com- 
mutator, pass  by  the  wires  N N'  to  the  coils  h h, 
and  if  desired  through  the  coils  a a,  surrounding 
the  iron  ring  A.  Tlie  current  then  traverses  an 
outer  circuit  in  which  it  may  be  utilised  for  various 
purposes.  One-half  of  the  armature  coils  are  con- 
nected to  one  part  of  the  commutator,  and  the 
remainder  to  the  other  part. 

Automatic  Switch.  — To  avoid  reversal  in 
electro-depositing  machines  the  inventor  uses  an 
automatic  apparatus  constructed  as  follows  : “ A 
cup  with  internal  ribs  contains  mercury  and  can  be 
rotated  by  means  of  a belt  leading  from  the  shaft 
of  the  generator.  A wire  dips  into  the  cup  and 
remains  in  contact  with  the  mercury  as  long  as  tlie 
cup  is  stationary,  or  only  rotating  at  a slow  speed, 
but  when  the  same  is  rotated  rapidly  the  mercury 
is  depressed  at  its  centre  and  contact  is  broken. 
By  including  this  switch  in  the  circuit  of  the 
dynamo,  and  connecting  the  electro  - depositing 
vat  to  the  wire  and  mercury  cup  respectively,  a 
means  is  provided  of  short-circuiting  the  vat  when- 
ever the  speed  of  the  dynamo  falls  below  a certain 
limit,  and  in  this  way  the  counter  current  of  the 
vat  is  prevented  from  entering  the  dynamo  and 
effecting  a reversal  of  its  poles.  Another  means 
of  preventing  reversal  is  to  make  one  or  more  of 
the  field  magnet  cores  partly  or  entirely  of 
hardened  steel. 

4,312. — A.  M.  Clark,  London.  (P.  E.  Smith, 
S.  R.  Spruill,  and  IL.  R.  Wood,  Scotland 
N(‘cl-,  Halifax,  N.  Carolina,  U.S.A.)  Electric 
Light  Buoy.  6d.  (1  fig.)  November  7. 

Electric  Light. — The  object  of  this  invention  is 
to  provide  a waterway  night  signal  for  harbours, 
shoals,  and  other  dangerous  places.  A buoy 
carries  a glass  globe  in  which  a **  suitable  electrical 
light  apparatus  is  arranged,”  and  the  current  is  led 
thereto  from  the  shore  by  means  of  a cable. 

4,380.— A.  O’Neill,  Baltimore,  U.S.A.  Pipe 
Joints,  (id.  (-29  figs.)  November  11. 

Conductors.— Pipes  for  carrying  underground 
conductors  are  c'onstructed  with  lugs  or  flanges  on 
each  end,  and  a collar  encircling  the  joint,  pro- 
vided with  flanges  or  lugs  adapted  to  fit  those  on 
the  pipo  ends,  and  to  draw  the  encls  togethei  by  a 
rotary  movement  of  the  said  collar.  Each  section 
of  pipe  has  a recessed  end  for  the  reception  of  a 
gasket  and  spigot  to  fit  securely  on  such  gasket. 


These  pipe  joints  are  very  fully  illustrated  in  the 
drawings  accompanying  the  specification. 

4,597. — E.  H.  C.  Monckton,  Fineshade,  North- 
amptonshire. Electric  Motors.  8d.  (25 
figs.)  November  28. 

Electro- Magnetic  Motor. — Circles  of  per- 
manent or  electro-magnets  of  horseshoe  form  are 
arranged  in  juxtaposition  around  two  circular 
frames,  “each  pole  of  each  magnet  being  con- 
secutively placed  so  as  to  face  the  opposite  pole 
of  the  next  magnet ; this  is  effected  by  either 
placing  the  magnets,  laid  flat,  around  the  peri- 
pheries of  the  frames,  or  by  making  them  in 
pieces  to  be  joined  together  in  any  desired  form 
so  as  to  be  arranged  vertically  with  their  poles 
turned  aside.”  By  separating  the  poles,  “one  or 
more  plain  iron  or  magnetised  steel  discs  can  be 
introduced,  packed  side  by  side  almost  in  contact, 
which  arrangement  will  also  unite  in  one  large 
magnet  the  entire  circle  of  smaller  ones.”  These 
discs  can  be  arranged  so  as  to  revolve,  and  also 
“to  break  contact  by  being  slotted  from  the  eir- 
cumference  towards  the  middle.”  Another  form 
of  motor  is  constructed  by  placing  a condenser 
between  two  electro  - magnet  cylinders,  “each 
rotating  opposite  to  a similar  fixed  magnet  circle.” 
A commutator  is  arranged  so  that  the  poles  of 
the  rotating  magnets  attract  those  of  the  fixed 
magnets,  while  simultaneously  they  repel  the 
poles  of  the  magnets  placed  opposite  to  them  : 
just  as  the  poles  are  passing  the  centres  of  attrac- 
tion a commutator  reverses  the  current  so  that 
“the  power  is  applied  continuously  all  round  the 
circle.”  An  intensity  coil  is  sometimes  used  in 
addition  to  the  condenser,  by  which  the  tension 
of  the  current  is  increased  ; “ the  velocity  pro- 
duced by  intensifying  the  current,  being  in  its 
own  action  an  element  of  great  power.”  By 
placing  the  circle  of  rotating  magnets  with  their 
poles  opposite  to  those  of  the  fixed  ones,  each 
magnet  acts  “doubly,”  that  is,  attracts  at  one 
side  while  repelling  at  the  other,  thus  avoiding 
back  pull  aud  the  loss  of  power. 

DyNAMO-ELECTRic  Gener.\tor. — By  substituting 
for  the  disc  described,  with  reference  to  the  first 
form  of  motor,  an  electro-magnet  “ formed  like  a 
I'eel,  with  slotted  ends,”  or  a “ revolving  wheel 
formed  of  electro-magnets,  both  wheels  being  in- 
sulated from  their  axles,  and  by  i'evolving  either  in 
contact  with  the  poles  of  the  magnets  arranged  in 
circles,  the  electro-magnetic  circles  will  be  alter- 
nately completed  and  broken,  and  by  a suitable 
arrangement  any  current  generated  can  be  drawn 
of}’.”  “Gramme  rings”  arc  built  up  by  coiling 
insulated  wire  on  a central  hollow  tube  with  thin 
sheet  iron  interposed  between  every  successive  two 
or  more  coils.  The  form  of  horseshoe  magnets  is 
varied  b}'  curving  their  ends  inwards  .so  as  to  make 
them  face  each  other,  and  by  applying  to  them 
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“ novel  bowl-shaped  poles  dished  by  preference 
inwardly,”  by  which  means  the  magnetic  force  is 
caused  to  lie  in  the  rims.  A magnet  of  this  form 
is  made  to  revolve  with  its  poles  lying  within  the 
hemispherical  poles  of  a large  magnet  of  similar 
construction,  presumably  to  generate  electric  cur- 
rents. An  improved  commutator  consists  of  two 
metal  rings,  one  on  each  side  of  a wooden  cylinder, 
across  the  periphery  of  which,  and  inserted  therein 
so  as  to  be  flush  with  its  surface,  are  placed  wires 
or  pins.  These  wires  alternate  one  with  the  other 
in  making  connection  with  one  or  the  other  ring. 
The  terminals  of  an  electro-magnet  coil  ai’e  “in- 
serted apart  with  a frame  of  non-conducting 
material,”  which  is  fixed  over  the  cylinder  so  that 
the  terminals  of  the  magnets  as  they  rotate  come 
in  contact  simultaneously  with  two  of  the  wires, 
negative  and  positive,  lying  across  the  periphery  of 
the  cylinder. 

Carbons. — Carbon  points  for  the  electric  light 
ai’e  made  by  uniting  pulverised  carbon  with  clay 
in  sufficient  quantity  to  bind  it.  Cornwall,  “or 
other  china  clays  ” are  preferred,  and  the  mix- 
ture is  subjected  to  hydraulic  pressure  previously 
to  being  baked. 

4,636. — P.  Moritz,  Naval  Officer  on  Board  the 
French  Man-of-AVar  “Oriflamme.”  Electric 
Night  Signal  Apparatus.  6d.  (14  figs.) 

November  30. 

Electric  Light. — This  invention  relates  to  an 
arrangement  of  apparatus  for  signalling  at  sea  by 
means  of  the  electric  light,  in  connection  with 
which  it  is  preferred  to  employ  a “Gramme” 
generator  and  ‘ ‘ Serrin  ” lamp. 

4,705.  H.  E.  Newton,  London.  ( II.  Menier., 
Paris.)  Telegraphic  and  other  Con- 
ductors. 6d.  (2  figs.)  Decembers. 
Conductors. — After  the  wire  has  received  its 
insulating  coating  it  is  conducted  through  a vessel 
containing  a freezing  mixture  which  quickly  hardens 
the  coating,  and  allows  of  the  conductor  being 
immediately  coiled. 

4,805. — R.  Werdermann,  London.  Electric 
Lighting  Apparatus,  fid.  (11  figs.)  De- 
cember 12. 

C.4NDLES. — Various  cross  sections  are  illustrated, 
in  most  cases  showing  two  carbons  with  an  inter- 
posed thickness  of  insulating  material,  which  in 
one  candle  encircles  both  carbons.  A candle  con- 
sisting of  two  cai’bon  tubes,  one  within  the  other, 
but  separated  from  it  by  insulating  material,  is 
also  shown.  A\  hen  light  is  wanted  in  one  direc- 
tion only,  one  electrode  is  a large  plate  of  carbon, 
from  which  the  other  and  smaller  electrode  is 
separated  by  a sheet  of  mica. 


Electrodes. — To  protect  carbon  electrodes  from 
contact  witli  air  they  are  coateil  with  a composition 
of  two  or  more  of  the  following  materials,  viz., 
calcined  magnesia,  sulphate  of  magnesia,  borax, 
boracic  acid,  sulphate  of  lime,  fire-clay,  glass, 
alumina,  or  other  bodies  which  “ in  burning  emit 
a great  amount  of  light.” 

Arc  Lamp. — The  carbons  are  curved  circularly. 
One  is  fixed,  and  the  other  secured  to  a pivotted 
arm  which  may  be  provided  with  a balance  weight, 
preferably  containing  sand,  which  escapes  and 
diminishes  the  weight.  Clockwork  or  electro- 
magnets may  be  used  to  automatically  regulate  the 
distance  of  the  carbon  points  from  each  other. 

4,905. — S.  A.  Varley,  Hatfield.  Apparatus  for 
Producing  Electric  Light,  &c.  lOd.  (28 
figs.)  December  19. 

Dvnamo-Electric  Gener.vtors. — This  invention 
eonsists  in  improvements  on  the  generator  described 
in  Patent  No.  3,394  of  1866,  by  which  “greatly  in- 
creased magnetic  potential  in  the  bobbins  ” is  ob- 
tained. The  bobbins  are  divided  into  groups  with 
a soft  iron  field  magnet  to  each  group,  instead  of  to 
each  bobbin,  as  in  the  generator  described  in  the 
above-mentioned  patent.  A commutator  may  be 
provided  for  each  group  of  bobbins,  or  when 
electricity  of  a very  high  potential  is  re<j[uired,  the 
number  of  commutators  may  correspond  with  the 
number  of  bobbins.  The  commutators  are  cylin- 
drical and  have  their  peripheries  so  divided,  and 
the  several  sections  so  connected,  that  the  insulated 
wires  of  the  bobbins  which  are  joined  to  the  com- 
mutator sections,  at  cei'tain  determined  positions, 
are  cut  out  of  the  electric  circuit,  and  whilst  so 
disconnected  “ acquire  magnetism  only, ’’such  mag- 
netism being  further  increased  by  causing  electri- 
city developed  in  other  parts  of  the  generator  to 
pass  through  the  insulated  wires  of  the  said 
bobbins  after  they  have  been  put  again  into  the 
electric  circuit,  but  before  their  magnetic  polarity 
is  revei’sed.  The  high  magnetic  potential  so  ac- 
quired is  converted  into  electricity  at  the  next 
reversal  of  the  magnetic  jiolarity.  The  generators 
illustrated  have  a series  of  cylindrical  helices  with 
iron  cores  arranged  circularly  around  and  parallel 
to  a horizontal  shaft.  The  fiehl  magnets  are  also 
similarly  arranged,  either  in  a larger  circle,  with 
pole-pieces  turned  inwai-ds  to  cover  the  ends  of  the 
helices,  or  in  two  circles  of  the  same  diameter,  one 
on  either  side  of  the  circle  of  helices.  Commutators 
suitable  for  either  form  of  generator  are  fully  de- 
scribed and  illustrated,  and  the  principle  of  their 
action  consists  in  cutting  out  the  bobbins  from  the 
electrical  circuit  at  regular  intervals  by  cutting 
away  portions  of  the  discs,  the  number  of  divisions 
having  relation  to  the  number  of  changes  which 
have  to  be  effected  at  each  revolution  of  f he  shaft. 
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The  inward  motion  of  the  springs  which  press 
against  the  peripheries  of  the  commutators  is 
limited  by  insulating  stops.  “ Part  of  the  elec- 
tricity develope<l  by  the  machine  is  diverted  to 
maintain  the  magnetism  of  the  soft  iron  magnets, 
and  the  remainder  is  used  to  produce  the  electric 
light.”  This  is  effected  preferably  by  wrapping 
the  field  magnets  with  two  insulated  wires,  one 
having  larger  resistance  than  the  other.  The  cir- 
cuit of  larger  resistance  is  always  closed,  and  the 
circuit  of  less  resistance  is  used  for  the  electric 
light.  ‘ ‘ When  the  construction  of  the  machine 
admits  of  it,”  the  field  magnets  are  made  of  de- 
creasing diameter  towards  their  acting  poles. 

Arc  L.\.mp. — A curved  carbon  rod  rests  upon  the 
periphery  of  a disc  of  carbon  “ usually  bevelled  on 
the  edge.”  In  some  cases  the  carbon  disc  is  made 
in  segments  with  interposed  pieces  of  insulating 
material,  over  which  an  arc  forms  when  the  lamp 
is  in  action.  Motion  is  given  to  the  carbon  disc  by 
the  electro-motor  described  below  or  other  suitable 
means. 

Electro-Motor.  — Hollow  helices  of  insulated 
wire  are  arranged  end  to  end,  and  between  them 


move  iron  discs,  which  are  mounted  on  a spindle. 
The  iron  discs  have  teeth  on  their  edges  and  the 
helices  are  encased  in  iron  tubes  having  teeth  at 
both  ends,  corresponding  in  number  to  those  on  the 
discs.  Commutators  are  provided  to  close  and  open 
the  circuit  through  the  helices  in  succession,  and 
the  discs  are  arranged  so  that  their  teeth  ‘ ‘ break 
joint.” 

Electro-Dvx.vmometer.  — A hollow  bobbin  is 
wrapped  with  soft  iron  wire,  and  accurately  in  its 
centre  a permanent  magnet  is  mounted  on  pivots. 
Circular  or  segmental  coils  of  insulated  copper  rib- 
bon are  mounted  above  and  below  the  poles  of  the 
magnet.  An  index  moving  over  a divided  scale  is 
connected  by  a spring  to  the  upper  pivot  of  the 
magnet,  and  retains  it  in  the  centre  of  the  coils. 
These  coils  are  put  into  the  circuit,  and  when  the 
current  passes  the  magnet  is  deflected.  “ The 
index  may  then  be  turned  round  until  the  torsion 
of  the  spring  is  sufficient  to  bring  the  magnet  back 
again  into  the  centre  of  the  coils  . . . The 

distance  travelled  by  the  index  to  effect  this  in- 
dicates the  amount  of  electric  force  which  is  being 
developed.” 


1877. 


76. — J.  C.  Fuller  and  G.  Fuller,  Stratford.  ] 
Essex.  Insulating  Supports  of  Telegraph 
W ires.  6d.  (2  figs.)  January  8.  j 

Insulators. — These  are  made  more  or  less  in  the 
form  of  an  inv'erted  truncated  cone,  and  the  elec- 
trical resistance  is  increased  by  corrugating  or 
undercutting  the  outer  surface  of  the  cone.  When 
an  inner  cup  is  provided  the  two  parts  are  made 
separable.  The  usual  screw  and  nut  on  the  insu- 
lator stem  is  dispensed  with,  and  a slot  and  cotter 
used  instead. 

166. — H.  Baggeley,  London.  Firebricks  and 
Tubes.  4d.  January  12. 

Conductors. — Vitrified  pipes  suitable  for  con- 
taining underground  conductors  are  made  from  a 
composition  consisting  of  pipe-clay  GO  lb.,  chalk 
30  lb.,  powdered  white  glass  G lb.,  powdered  green 
glass  31b.,  powdered  Welsh  spar  2 lb.,  powdered 
“ tinkle”  1 lb.,  and  black  oxide  of  cobalt  1 J lb. 

270. — C.  F.  Varley,  London.  Apparatus  for 
Generating  Electricity.  8d.  (IG  figs).  .la- 
nuary  20. 

HyNAMO  and  MAr.NETO-ELECTRIC  flENERATORS. — 
Actual  or  nearly  actual  contact  is  maintained 
between  the  armatures  and  poles  of  the  field 
magnets.  The  magnets  with  the  intermediate 
.cores  surrounded  by  helices  form  a complete  iron 


ring  or  circuit,  and  they  have  their  respective  N. 
and  S.  poles  continuously  closed,  or  nearly  so,  not- 
withstanding the  movement  of  the  armatures,  but 
the  armatures  “ alter  the  direction  of  the  magnetic 
conduction  through  the  inducing  cores  surrounded 
by  electric  conductors,”  the  effect  of  wliich  commu- 
tation is  to  generate  electricity  in  the  conductors 
forming  the  helices.  In  a simple  form  of  this 
generator  two  horseshoe  magnets  are  employed, 
placed  one  opposite  to  the  other,  and  between  their 
poles  are  inserted  two  soft  iron  cores  on  which  coils 
of  covered  wire  are  wound.  The  two  N.  poles  are 
in  contact  with  the  two  ends  of  one  of  the  cores, 
and  the  two  S.  poles  with  the  two  ends  of  the 
other.  A reciprocating  armature  makes  contact  first 
with  the  two  poles  of  one  magnet  and  then  with 
those  of  the  other.  The  faces  of  the  magnets  and 
of  tlie  armature  may  be  grooved  to  increase  the 
area  of  the  surfaces  in  contact  and  the  armature 
may  advantageously  be  made  double,  and  its  dimen- 
sions such  that  it  may  close  with  one  pair  of  poles 
before  leaving  the’  other  pair.  The  armature 
may  revolve  instead  of  reciprocating.  By  another 
arrangement  an  oven  number  of  horseshoe  magnets 
are  placed  radially  around  a circle  with  like  poles 
uppermost.  Similar  poles  are  united  by  soft  iron 
cores  wound  with  covered  wire  forming  the  circuit 
in  which  the  currents  are  generated.  By  prefer- 
ence this  much  of  the  generator  is  carried  upon  a 
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guiMiictal  cyliiuler  or  ring,  within  which  a corre- 
sponiling  frame,  having  armatnres  upon  its  surface, 
rotates.  As  this  frame  rotates  the  armatnres 
couple  together  the  poles  of  each  magnet  in  succes- 
sion. In  some  cases  motion  is  given  to  the  arma- 
ture hy  a finger  key. 

Elkctko-St.^tic  Oexer.\tor. — 'J’his  is  an  im- 
provment  on  the  generator  described  in  Patent 
No. ‘iOG  of  18(i0,  and  preferably  consists  of  a vul- 
canite disc  mounted  on  an  insulated  axis,  and 
capable  of  being  rapidly  rotated.  On  the  base  of 
the  disc  radial  strips  of  tin  foil  are  fi.xed  at  equal 
distances  apart.  In  froirt  of  the  disc  are  two  col- 
lecting conrbs  so  placed  that  the  tin  foil  strips  pass 
close  to  them  as  the  disc  is  rotated.  Near  the  disc 
on  the  other  side  are  two  insulated  pieces  of  wood, 
which  serve  as  conductors.  They  are  of  curved 
form,  and  each  inductor  covers  about  a quadrant  of 
the  operative  part  of  the  disc.  The  inductors  are 
so  fixed  that  the  leadiirg  end  of  each  is  immediately 
opposite  to  the  collecting  comb.  For  the  purpose 
of  charging  the  inductors  there  are  other  combs 
placed  similarly  to  the  collecting  combs,  but  re- 
moved from  them  by  an  angular  distance  of  90  deg. 
These  combs  are  in  metallic  connection  with  the 
inductors,  each  to  each,  and  they  can-y  wire  brushes 
which  make  contact  with  studs  upon  the  face  of  the 
disc  in  connection  with  each  of  the  tin  foil  strips. 
This  arrangement  renders  the  machine  self-charging. 
The  brushes  can  be  lifted  out  of  contact  as  soon 
as  the  machine  is  at  work.  This  generator  is  em- 
ployed in  combination  with  the  magneto-electric 
generator  above  described  in  the  production  of  the 
electric  light. 

369. — W.,  E.  W.,  and  A.  Harvey,  North  Wool- 
wich. Manufacture  and  Application  of 
Soft  Steel  or  Ingot  Iron.  Gd.  January  29. 

Conductors. — This  invention  relates  to  a process 
by  which  a “ soft  steel,”  suitable  for  electrical  con- 
ducting wires  or  cable  sheathing,  is  produced. 

494. — P.  Jablochkoff,  Paris.  Electric  Lamps, 
&C.  Gd.  (12  tigs.)  February  G. 

Candles. — Pieces  of  carbon  are  placed  side  by 
side  and  separated  l)y  an  insulating  substance, 
which  may  be  kaolin,  glass,  the  ingredients  of 
glass  and  porcelain,  earths,  or  silicates.  It  is  pre- 
ferred to  form  the  candle  by  ramming  the  insulating 
material  into  an  asbestos  cartridge  case  containing 
the  carbons.  When  the  case  is  filled  it  may  be 
sealed  with  silicate  of  potass.  The  lower  ends  of 
the  carbons  are  insei’ted  into  pieces  of  metal  tube 
separated  from  each  other  by  asbestos,  and  tiie 
tube  ends  are  then  connected  by  vice  jaws  to  tlie 
conducting  wires.  Tlie  wliole  may  be  mounted  on 
■a  non-conducting  base  and  provided  with  a suitable 


glass  globe.  The  heat  produced  by  tlie  electric 
current  fuses  the  substance  betw'een  tbe  carbons, 
and  dissipates  it.  The  resulting  light  may  be 
coloured  by  introducing  info  the  insulating  material 
suitable  substances.  Instead  of  placing  the  carbons 
in  a case  charged  with  insulating  powder,  they  may 
be  embedded  in  solid  insulating  material,  or  the 
carlions  may  be  ma<le  tubular  tilled  within  with  the 
same  material  which  surrounds  them  outside.  To 
light  these  candles  a piece  of  carbon  is  placed  on 
the  two  points  and  then  withdrawn,  or  a “ pulv'eru- 
lent  match”  is  employed.  Several  candles  may  be 
placed  in  one  circuit,  or  to  guard  against  interrup- 
tion of  the  light  each  may  be  worked  by  relay  from 
the  main  circuit. 

522.  J.  H.  Cordeaux,  Birmingham.  Fixing 
the  Insulators  of  Electric  Telegraphs. 
Gd.  (4  figs.)  February  7. 

In.sulatoes.  — The  stem  is  screwed  into  the 
insulator,  and  an  elastic  rvasher  is  interposed 
between  a collar  on  the  stem  where  the  screw 
terminates  and  the  shoulder  inside  the  cavity  of 
the  insulator. 

*555.  E.  W.  Beckingsale,  Newport,  Isle  of 
Wight.  Covering  and  Insulating  Wire. 
2d.  February  9. 

Conductors. — The  conducting  wire  is  insulated 
and  protected  by  covering  it  with  paper,  or  paper 
pulp  applied  in  a continuous  length  without  seam 
or  lapping.  This  covering  may  be  applied  either 
to  a naked  wire  or  to  one  which  has  already  been 
covered. 

*687.  W.  J.  Russell  and  R.  Wilson,  Croydon. 
Fastenings  for  Gas  Syphon  Boxes,  &c. 
2d.  February  20. 

Conductors. — This  invention  is  applicable  to 
road  boxes  in  connection  with  subterranean  con- 
ductors, and  consists  in  a method  of  locking  the 
lids  of  such  boxes  by  a key  actuating  bolts  which 
take  into  holes  in  the  side  of  the  box.  When  the 
lid  is  closed  the  removal  of  the  key  locks  it,  and, 
consequently,  no  lid  can  remain  unfastened. 

732.  J.  H.  Level,  Sunderland.  Electro- 
Magnetic  Engines.  Gd.  (1.3  figs.)  Feb- 
ruary 22. 

Electro-Magnetic  Motor.—  A soft  iron  disc  is 
attached  to  a shaft,  one  end  of  which  rests  in  a 
suitable  bearing.  The  other  end  is  connected  to  a 
crank  fixed  on  a vertical  shaft  working  in  liearings. 
Below  the  disc  is  a circle  of  electro-magnets  with 
their  poles  all  in  the  same  iiorizontal  plane.  tVlien 
one  electro-magnet  is  excited  by  an  electric  cur- 
rent, the  periphery  of  the  disc  is  attracted,  and 
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the  magnets  are  made  to  act  consecutively  I>y 
a snitalde  commutator.  An  undulating  rotary 
motion  is  hy  these  means  given  to  the  disc,  and 
rotary  motion  to  the  crankshaft,  from  which  power 
may  he  taken.  Tlie  advantage  claimed  for  tliis 
form  of  motor  is  that  there  is  no  impact  of  the 
armature  upon  tlie  electi’o-magnets,  Vnit  only  a 
rolling  contact,  and  there  is,  thei’efore,  no  danger 
of  the  electro-magnets  becoming  jiermanently  mag- 
netised. 

805.  W.  Boulton,  Burslem.  Apparatus  for 
Making  Articles  in  Pottery.  Cd.  (12  figs.) 
February  28. 

lNsrL.\TOR.s.  — Thi.s  invention  relates  to  the 
manufacture  of  insulators,  and  more  especially  to 
improved  constructions  of  “jolleys”  used  for 
moulding  them  when  in  a plastic  state,  and  to 
methods  of  mounting  and  actuating  such  jolleys. 

833.  W.  T.  Henley,  Plaistow.  Electric  Tele- 
graph Apparatus.  6d.  (9  figs.)  March  1. 

CoNurcTORS. — For  a cheap  in.sulating  material 
for  electi'ical  conductoi’s,  the  inventor  proposes  to 
use  a compound  of  gutta-percha  and  cotton-seed 
pitch  mixed  in  e(pial  iiroportions.  India-rubber 
may  also  be  added  to  the  compound  if  desired,  or 
it  may  be  applied  as  a separate  coating  interposed 
between  successive  coatings  of  the  above  com- 
pound. Among  the  insulated  conductors,  described 
in  Specification  No.  1,944  of  1876,  there  is  one  of 
triangular  section  placed  in  a lower  channel-shaped 
piece  with  square  sides.  It  is  now  proiiosed  to 
make  these  sides  to  fit  the  triangular  sides  of  the 
conductor. 

M.\c;neto-Electkic  Generator. — Tliis  refers  to 
details  facilitating  the  manipulation  of  the  alpha- 
betical telegraph  instruments  described  in  Patents 
No.  794  and  2,464  of  1861. 

*855.  T.  G.  Glover,  London.  Protecting 
Submarine  and  Subterranean  Telegraph 
Cables  from  Insects,  &c.  2d.  March  .3. 

Conjjuctoks. — To  pi'otect  the  core  of  submarine 
and  subterranean  cables  irom  the  destructive 
effects  of  the  toredo,  wliitc  ant,  kc.,  a strip  of  lead 
foil  is  wound  helically  around  the  core  with  tlie 
edges  overlapping  about  a quarter  of  an  inch,  and 
over  this  is  placed  a serving  of  liemp  saturated  with 
castor  oil.  The  servings  of  the  outer  wires  of  the 
cables  ai'c  also  saturated  with  castor  oil. 

1,264. — C.  D.  Abel,  London.  ( IF.  )l7«/cr, 
Proijne.)  Production  of  Photographic 
Pictures  on  Woven  Fabrics.  4d.  March  .'ll. 

F.lectric  Licht. — Tlie  inventor  claims  the  use 
of  the  electric  light,  “produced  by  dynamo-electric 


apparatus,”  for  obtaining  magnified  positive  photo- 
graphs on  woven  fabrics,  when  such  fabrics  are 
impregnated  with  iodide  or  chroniide  of  silver. 

1,387. — F.  F.  A.  Achard,  Paris.  Electric 
Apparatus  for  Actuating  Railway  Brakes. 
6d.  (15  figs.)  April  9. 

Secondary  Battery. — For  working  the  electric 
brake  described  in  this  specification  the  inventor 
employs  a Plante  battery  in  conjunction  with 
Daniells’  cells,  in  order  to  obtain  a current  of  great 
intensity  at  the  moment  it  is  desired  to  apply  the 
brake.  The  inventor  states  that  the  Plante  cells 
“play  a part  analogous  to  that  of  Leyden  jars  in 
static  electricity  ; they  constitute  real  accumula- 
tors.” 

1,416. — H.  A.  C.  Saunders  and  A.  Jamieson, 
London.  Protecting  Telegraph  Cables  and 
Wires.  2d.  April  11. 

Conductors. — To  preseve  the  cores  of  submarine 
or  underground  cables  from  the  attacks  of  the 
toredo  and  other  animals,  the  servings  which  cover 
such  cores  are  saturated  with  audiroba  oil.  This 
oil  is  also  employed  to  saturate  the  servings  of  the 
iron  sheathing  wires,  thereby  preventing  the  rust- 
ing of  such  wires. 

1,693. — G.  Pickersgill,  Todinorden.  Expansion 
and  Contraction  Coupling  for  Signal  and 
Telegraph  Wires.  2d.  May  1. 

Conductors. — When  used  for  connecting  electri- 
cal wires  this  coupling  is  made  of  copper  or  brass, 
and  consists  of  a tube  provided  with  one  or  more 
piston  rods,  on  each  of  which  and  within  the  cy- 
linder are  mounted  any  recjuired  nund)cr  of  discs 
of  vulcanised  india-rubber.  These  rods  after  passing 
through  the  covers,  proviiled  on  each  end  of  the 
tube,  are  attached  to  the  wires. 

1,829. — R.  Werdermann,  London.  Electro- 

Magnetic  Apparatus  for  Developing  Mo- 
tive Power,  &c.  fid.  (4  figs.)  May  10. 

Electro-Ma(!netio  jMotoh. — A cast-iron  frame 
carries  two  c(pial-sizcd  discs  placed  horizontally  one 
above  the  other,  and  to  each  disc  is  attached  a series 
of  electro-magnets  arranged  circularlj',  with  the 
poles  of  the  magnets  on  one  disc  facing  the  poles  of 
those  on  the  other  disc,  ami  with  a space  between 
opposed  poles.  In  this  space  is  placed  a disc- 
shaped armature  which  is  fixed  to  a shaft  supported 
below  in  a spherical  bearing,  and  attached  above 
to  a crank  atid  vertical  shaft.  9’he  vertical  shaft 
carries  a driving  pulley  and  a commutator  by  which 
the  electric  current  is  distributcal  to  the  electro- 
magnets. Under  the  successive  attractions  of  the 
electro-magnets  the  armature  receives  a rolling 
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motion  which  is  communicatecl  to  tlie  vertical  shaft 
through  its  crank.  It  is  preferred  that  the  electro- 
magnets of  one  scries  should  be  opposite  to  tlie 
spaces  between  those  of  the  opposite  scries.  To 
avoid  loss  of  power  by  the  coercive  force  of  the  iron 
tlie  electro-magnets  and  armature  should  be  of  pure 
wrought  iron,  or  a feeble  reverse  current  should  be 
sent  through  the  clcetro-magnets  at  the  moment 
the  circuit  is  broken.  Or  for  the  same  purpose  the 
magnet  or  armature,  or  both,  may  be  coated  with 
copper  or  some  other  suitable  material.  The  electro- 
magnets used  in  this  motor  are  constructed  as 
follows  : Two"  iron  tubes,  one  smaller  than  the 
otlier,  are  coiled  externally  with  copper  wire,  and 
the  smaller  one  is  placed  within  and  concentrically 
with  the  larger  one.  In  the  annular  space  between 
the  two  tubes  is  placed  a circle  of  smaller  tubes 
also  coiled  with  copper  wire.  These  are  made  of 
opposite  polarity  to  the  two  lai’ger  tubes,  and  the 
latter  are  always  magnetised. 

M.vgseto  - Electric  Generator.  — When  the 
above  apparatus  is  used  as  a generator  permanent 
magnets  surrounded  by  helices  are  used  instead  of 
the  electro-magnets. 

*1,910. — F.  W.  Heinke,  Twickenham.  Producing 
Electric  Light.  2d.  May  16. 

Arc  Lamps. — Carbon  disc  electrodes  are  made  to 
rotate  in  contrary  directions,  so  as  to  Avork  against 
one  another  preferably  at  right  angles.  It  is  pre- 
ferred to  make  the  two  discs  to  rotate  synchro- 
nously by  clockivork.  To  provide  for  ii  ear  of  the 
discs  one  of  them  is  advanced  at  every  revolution, 
the  movement  being  accomplished  l)y  suitable 
mechanism.  Sharpening  appliances  are  applied  to 
the  edges  of  the  discs  to  keep  them  suitably  shaped. 
When  bars  or  rods  are  used  instead  of  discs  tliey 
have  a reciprocating  motion  imparted  to  them. 

1,996. — P.  JablochkofF,  Paris.  Producing  and 
Dividing  Electric  Light.  6d.  (3 figs.)  May  18. 

Inc.vndescexce  Light. — 'With  tlie  candles  de- 
scribed in  Specification  No.  3,552  of  1876  light  was 
produced  by  the  action  of  the  electric  current  upon 
the  conducting  points  themselves,  but  in  the  present 
invention  it  is  the  result  of  the  action  of  the  current 
upon  refractory  bodies,  such  as  kaolin  placed  between 
the  conductois,  whereby  these  bodies  are  raised  to  a 
sufficient  temperature  to  become  luminous.  In  carry- 
ing out  this  invention  a high  tension  current  is  neces- 
sary, and  tliis  is  obtained  by  placing  in  the  main 
circuit  a number  of  induction  coils  corresponding  to 
the  number  of  lights  to  be  employed,  and  having  the 
terminals  of  their  secondary  coils  attached  to  the 
liolders  which  support  the  slab  of  kaolin.  In  putting 
the  lamp  in  action  the  current  of  the  induction  coil 
is  caused  to  pass  through  ‘ ‘ a kind  of  conducting 
match”  placed  on  the  surface  of  the  refractory  slab. 


Wlicn  continuous  currents  are  employed  the  in- 
duction coils  arc  provided  with  interruptors  and 
condensers,  but  in  the  case  of  alternating  currents 
these  are  dispenscil  Avith,  and  the  coils  arc  con- 
structed similar  to  the  electro-magnets  described  in 
Specification  No.  8.36  of  1876.  The  circuit  of  each 
coil  may  be  interrupted  at  several  points  for 
the  establishment  of  as  many  separate  lamps. 
The  consumption  of  kaolin  is  A'cry  small. 

2,094. — A.  M.  Clark,  London.  (Loiili/iand  Co,, 
Parh).  Electric  Light  Apparatus.  8d. 
(16  figs.)  May  20. 

Arc  Lamp. — The  regulation  is  effected  by  the 
employment  (in  place  of  electro-magnets)  of  a 
simple  Avire,  Avhich  becomes  heated  by  the  passage 
of  the  current,  and  consequently  expands  in  length. 
'I'his  alteration  in  the  lengtli  of  Ai  ire  is  applied  to 
control  tlie  regulating  mechanism.  The  Avire  should 
be  of  such  a gauge  that  it  may  be  heated  to  400  deg. 
CentigiTide  by  the  passage  of  the  current.  A fine 
Avire  solenoid  may  be  employed  to  supplement  the 
action  of  the  extensible  Avire.  Such  solenoid  is 
attached  either  “ directly  or  indirectly  ” to  the  tAvo 
carbon-holders,  so  that  if  the  carbons  are  in  contact 
or  the  arc  is  short,  the  coil  Avill  be  inactiA'e,  its 
activity  increasing  propoi’tionately  as  the  arc 
lengthens.  The  action  of  the  coil  may  be  applied 
to  release  the  feeding  mechanism,  or  to  bring  into 
action  a commutator  designed  to  effect  mechanically 
the  approximation  of  the  tAVO  ends  of  the  expanding 
Avire.  The  iiiA’ention  also  consists  in  using  the 
solenoid  alone  as  a regulator  Avithout  the  expanding 
Avire.  In  order  to  guard  against  the  fine  Avire 
solenoid  receiving  too  much  current  about  3 cen- 
timetres of  A'ery  fine  Avire  is  inserted  in  its  circuit 
Avhich,  in  the  aboA’e-mentioned  contingency,  fuses 
and  interrupts  the  circuit.  This  feature  of  the 
iiiA’ention  may  be  applied  to  another  purpose.  In 
Avorking  seA'eral  lights  in  series  in  one  circuit  a 
fusible  wire  is  used  to  retain  a suitalile  commutator  ; 
Init  immediately  the  wire  is  fused  tlie  commutator 
comes  into  use,  and  allows  the  current  to  support 
the  other  lights  Avhile  the  extinguished  light  is  being 
readjusted.  In  some  cases  the  fusible  aa  ire  may  be 
replaced  by  a multi-metallic  device  Avhose  expan- 
sion and  consequent  change  of  form  aa  ill  actuate 
the  commutatoi's.  By  suitably  proportioning  the 
size  and  length  of  the  Avire  of  tlie  solenoid  a large 
number  of  regulators  may  be  introduced  into  one 
circuit.  These  solenoids  may  be  Avound  Avith  a 
cable  composed  of  seA’cral  independent  AA'ires  Avhich 
can  be  connected  according  to  requirements. 

2,106. — d.  H.  W.  Biggs,  Lh'erpool.  Apparatus 
for  the  Manufacture  of  Common  Salt  and 
Carbonate  of  Soda,  and  for  Packing  Salt, 
&c.  Is.  lOd.  (83  figs.)  May  30. 
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Ele('tko-]Ma<:m;tic  Motoi!. — For  giving  indica- 
cations  of  the  density  of  hrine  the  inventor  employs 
an  electro-magnetic  motor,  making  the  rise  and  fall 
of  a float  I'egnlate  the  amount  of  current  it  receives, 
and  thereby  its  speed  of  rotation. 

2,527.— W.  H.  Kerr,  Malahide,  Dublin.  Pre- 
paration of  Materials  to  be  used  in  the 
M anufacture  of  Porcelain,  &c.  2d.  June 
JO. 

IxsCLATOKS. — The  raw  materials  are  fired  sepa- 
rately and  then  mixed  together  whilst  subjeeted  to 
the  action  of  heat  in  a furnace.  The  materials  are 
then  ground  and  afterwards  moulded,  cast,  thrown, 
or  blown  (as  a glass).  Glazing  can  be  dispensed 
with. 

2,585.— W.  Prosser  and  W.  E.  Moore,  Lon- 
don. Lamps,  &.C.,  for  Electric  Light.  6d. 
(21  figs.)  July  5. 

Arc  Lamp.s. — A strip  of  carbon  is  partially 
enclosed  in  a metallic  case,  and  towards  its  exposed 
surface  a carbon  rod  is  fed.  The  strip  of  carbon  is 
traversed  hilst  the  rod  is  uniformly  fed  by  suit- 
able mechanism  so  as  to  maintain  a focus.  Two  or 
more  rods  may  be  presented  to  the  same  strip  if 
desired.  Electrodes  arranged  radially  in  circular 
or  other  frames  or  carriers  are  adopted  when  it  is  re- 
quired to  maintain  the  light  'without  interruptionfor 
a considerable  length  of  time,  and  they  are  brought 
into  successive  action  very  rapidly.  These  multij^le 
electrodes  may  be  used  in  combination  with  disc 
or  other  electrodes,  or  with  drums.  AYhen  fluid 
electrodes  are  employed,  they  are  enclosed  in 
hermetically  sealed  glass  shades  in  accordance  with 
Patent  No.  3,400  of  I87J,  and  such  fluid  electrodes 
may  consist  of  two  or  more  intersecting  streams  of 
mercury. 

Carbons  are  formed  by  compressing  powdered 
boxwood,  charcoal,  or  other  suitable  material. 

2,934. — A.  M.  Clark,  London.  (.S'.  Marcut^  ennJ 
B.  E(j<jer,  Paris.)  Electric  Lamps.  Sd. 
(0  figs.)  July  31. 

Arc  Lamps. — The  princijile  of  this  invention  is 
the  regulation  of  the  carbons  directly  by  a series  of 
consecutive  coils,  through  some  only  of  which  the 
current  passes  at  one  time  according  to  the  po.sition 
of  a soft  iron  core,  so  that  the  latter  is  always 
subject  to  the  maximum  influence  of  the  coils  what- 
ever may  be  its  position.  The  lamp  described  and 
illustrated  is  of  upright  form,  and  is  made  focus 
keeping  by  gearing  the  carbon-holders  by  means  of 
cords  and  drums  of  unequal  size.  The  upper  carbon- 
holder  is  weighted  so  that  there  is  a tendency  for 
the  carbons  to  approach  each  other.  A long  vertical 
solenoid,  consisting  of  several  independent  coils 
placed  one  above  the  other,  has  working  within  it 


j a soft  iron  core  connected  directly  to  the  lower 
carbon-holder,  and  through  the  cord  gear  to  the 
upper  carbon-holder.  The  wire  ends  of  the  sepa- 
j I'ate  coils  are  taken  to  contact  pieces  arranged  in  a 

I vertical  line,  and  over  which  run  contact  rollers, 

depending  from  the  lo'wer  carbon-holder.  The 
office  of  these  rollers  is  to  transfer  the  current  at 
intervals  to  a higher  set  of  coils,  as  the  carbons 
consume,  and  thus  to  follow  up  tiie  soft  iron  core 
as  it  rises,  always  exerting  uniform  attraction 
upon  it. 

2,982. — A.  M.  Clark,  London.  {E.  llcynier, 

I Paris.)  Electric  Lamps,  &c.  8d.  (18  1igs.) 

! August  3. 

i Arc  L.vmp.s. — The  principal  distinctive  features 
j of  the  lamps  comprised  in  this  invention  consist  in 
1 r endering  the  progressiv  e movements  of  the  circular 

electrodes  completely  independent  the  one  of  the 
other,  and  in  keeping  the  arc  stationary  and  un- 
obscured. This  latter  object  is  effected  by  incliiring 
the  electrodes  to  one  another  at  an  angle  of  from 
20  deg.  to  120  deg.,  their  axes  being  also  inclined 
to  each  other  but  in  the  same  plane,  or  by  making 
the  plane  of  one  electrode  nearly  a tangent  to  the 
circumference  of  the  other.  In  the  lamp  described 
the  latter  arrangement  is  adopted.  The  disc  elec- 
trodes are  rotated  independently  by  clocku'ork, 
one  being  fixed  as  regards  its  plane  of  rotation,  and 
the  other  controlled  b}^  a solenoid  and  iron  core 
opposed  to  a helical  spring.  The  spring  tends  to 
bring  the  electrodes  together,  -whilst  the  action  of 
the  solenoid  is  to  part  them.  The  two  are  so 
adjusted  as  to  maintain  an  arc  of  the  required 
length. 

Elec'trode.s. — Disc  electrodes  are  made  of  a com- 
position of  powdered  graphite  100  parts,  powdered 
sugar  20  parts,  and  iron  filings  1)  parts.  The  mix- 
ture is  moistened  with  dilute  nitric  or  hj'drochloric 
acid  to  form  a thick  paste,  frem  which  the  elec- 
troiles  are  moulded.  They  are  then  dried  at  a 
gentle  heat  and  afterwards  stoved  for  24  hours  at 
a temperature  rising  from  40  deg.  C.  to  100  deg.  C. 

i 3,170.  L.  Denayrouse,  I’aris.  Kindler  for 
Electric  Lights.  4d.  (3  figs.)  August  21. 

Candle  Holder. — Two  or  more  electric  candle.s 
are  mounted  on  a staml  of  convenient  form,  and  a 
key  is  provided  for  making  and  breaking  the  cir- 
cuit for  each  candle.  The  key  is  worked  by  one 
arm  of  a lever,  the  other  arm  of  which  has  a stud 
pressed  by  a spring  against  the  candle  u hich  is 
burning  near  its  lou  er  end.  AVhen  this  candle  has 
burned  nearly  dou  n so  that  the  stud  on  the  lever  is 
no  longer  supported  by  it,  the  lever  is  moved  by 
the  spring,  the  key  actuated,  and  the  current  trans- 
ferred to  the  next  candle. 
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3,187. — P.  JablochkofF,  I’aris.  Magneto-Dy- 
namo Electric  Machine.  Cd.  (3  ligs.)  Au- 
gust 'll. 

Dvnamo-Elkctric  (Jexkkator. — A bobbin  of  in- 
sulatc<l  wire  of  diameter  greater  than  its  length  is 
placed  between  two  soft  iron  discs,  which  are  fixed 
to  a soft  iron  shaft  passing  through  the  centre  of 
the  bobbin.  The  peripheries  of  the  discs  are 
notched  so  as  to  fonn  a series  of  teeth,  each  tooth 
of  one  facing  a space  between  adjoining  teeth  of 
the  other.  The  discs  are  caused  to  rotate  near  a 
series  of  electro-magnets  so  arranged  that  the  teeth 


successively  pass  opposite  poles  of  these  magnets. 
This  form  of  generator  produces  alternating  cur- 
rents, but  by  applying  a suitable  commutator  it 
may  be  made  to  give  continuous  currents.  Refer- 
ring to  the  diagram.  A,  B,  C,  D are  the  field  magnets, 
ff  soft  iron  pole-pieces,  K K brass  distance  pieces; 
h is  the  insulated  wire  bobbin,  and  AI  M the 
notched  discs. 

3,469. — I.  L.  Pulvermacher,  London.  Genera- 
ting, &.C.,  and  Applying  Electricity.  lOd. 
(41  figs.)  September  14. 

Current  Regul.vtor.  — In  the  bottom  of  a 
rectangular  gutta-percha  box  is  placed  a resistance 
coil  consisting  of  a cord  of  gutta-percha  impreg- 
nated with  graphite,  wound  helically  upon  a porce- 
lain cylinder.  The  upper  portion  of  the  gutta- 
percha box  is  wound  with  many  turns  of  fine  wire, 
forming  a flat  bobbin  with  vertical  axis.  A mag- 
netic needle  is  pivotted  so  as  to  be  capable  of  vibra- 
ting in  a vertical  plane  within  the  bobbin,  and  it 
carries  on  one  side  a metallic  comb  so  constructed 
that  as  the  needle  moves  towards  a horizontal  posi- 
tion the  teeth  of  the  comb  are  successively  inserted 
in  a row  of  mercury  cups,  each  in  connection  with 
a portion  of  the  resistance  coil.  A pointer  also 
attached  to  the  magnetic  needle  traverses  a dial.  In 
proportion  as  the  current  which  jDasses  through  the 
bobbin  increases  in  strength  the  needle  is  deflected, 
the  comb  lifted,  and  more  and  more  resistance  in- 
serted till  the  desired  compensation  is  effected. 
In  another  form  of  this  instrument  strips  of  a 


graphite  composition  are  attached  to  the  rocking 
needle  which  as  it  is  deflected  by  tlic  current 
immerses  a greater  or  less  number  of  the  strips  in  a 
mercury  trough  and  thereby  alters  the  amount  of 
resistance  in  circuit  as  before. 

3,552. — A.  S.  Hickley,  London.  Constructing 
and  Arranging  Magneto-Electric  Appa- 
ratus. Gd.  (11  figs.)  September  21. 

Magneto-Electric  Generator. — To  each  pole 
of  a horizontally  fixed  permanent  horseshoe  magnet 
is  attached  one  end  of  a small  soft  iron  bar,  the  other 
end  carrying  a vertical  rod  of  the  same  metal,  which 
acts  as  a core  to  a coil  of  insulated  wire  through 
which  it  passes.  A bar  of  soft  iron  rests  on  the 
tops  of  the  two  vertical  rods  and  forms  an  armature. 
When  this  armature  is  vibrated  by  suitable  means 
electric  currents  are  generated  in  the  coil. 

3743. — J.  H.  Johnson,  London.  (Societe  FAHi- 
cnice,  J.  Miof,  Paria.)  Magneto-Electric 
Machines.  Gd.  (5  figs.)  October  9. 

Ma(;neto-Electric  Generator. — The  object  of 
this  invention  is  to  subdivide  the  currents  produced 
by  a magneto-electric  generator,  and  this  is  attained 
by  the  addition  of  an  “auxiliary  apparatus”  to 
a generator  of  the  ordinary  type.  The  generator 
illustrated  has  four  series  of  horseshoe  magnets 
arranged  diagonally  in  a rectangular  frame,  with 
their  poles  lying  in  the  circle  described  by  the 
revolving  bobbins,  of  which  there  are  three  sets  of 
eiglit,  situated  so  as  to  alternate  with  the  four  series 
of  magnets.  The  wires  are  coiled  in  tlie  same  direc- 
tion on  all  the  bobbins,  and  the  currents  generated 
are  collected  by  connectingthem  with  a common  con- 
ductor. The  “ auxiliary  apparatus”  before  referred 
to  consists  of  one  or  more  copper  discs  attached  to 
but  insulated  from  tlie  main  shaft  of  the  generator, 
each  disc  being  in  connection  with  an  independent 
set  of  bobbins.  Separate  rubbers  bearing  on  these 
discs  constitute  the  means  of  distrilniting  the  cur- 
rents to  several  different  circuits.  The  currents  are 
alternating. 

3,839. — R.  JablochkoflF,  Paris.  Distributing 
and  Increasing  with  Atmospheric  Elec- 
tricity Currents  Proceeding  from  a Single 
Source  of  Electricity  for  Supplying  several 
Lighting  Centres.  4d.  (5  figs.)  October 

17. 

Electric  Lighting. — Instead  of  using  currents 
proceeding  from  a single  source  directly,  they  are 
first  converted  into  static  electricity  and  then  re- 
converted into  dynamic  electricity.  This  is  effected 
by  interposing  condensers  or  Leyden  jars  l)etween 
the  main  circuit  and  Ix-anch  in  which  it  is  desired  to 
maintain  a light.  By  tliese  means  the  current  may 
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be  distributed  in  several  directions,  and  there  is  ; 
the  additional  advantage  tliat  atmosplieric  elec-  , 
tricity  is  developed  and  accumulated  in  the  con-  ^ 
densers,  “from  which  it  is  directed  in  tlie  form  of 
currents  to  the  illuminating  apparatus.”  The  last  i 
may  be  the  electric  caudles  described  in  Specifica-  i 
tion  No.  1,996  of  1877. 

3,854. — G.  Pickersgill,  Todmorden.  Expansion 
and  Contraction  Coupling  for  Signal  and 
Telegraph  Wires.  6d.  (8  figs.)  October  18. 
Conductors.— This  coupling  is  substantially  the 
same  as  tliat  described  in  Piovisional  Specification  \ 
No.  1,09.3  of  this  year.  i 

3,981.— M.  H.  Smith,  Halifax.  Electric  Magnets 
and  Magnetic  Motor  Engines.  6d.  (8 figs.)  ; 
October  27.  i 

Electro-Magnets. — A coil  of  copper  wire  rests  ; 
on  an  iron  base-plate  (preferably  circular),  and  an 
iron  case  attaclied  to  the  base-plate  surrounds  the 
coil.  The  armature  consists  of  an  iron  plate  the  ' 

size  of  the  case,  to  which  is  attached  an  iron  coi  c j 

sliding  within  the  coil.  | 

Electro-M.\gnetic  Motor. — A circle  of  electro-  I 

magnets  act  successively  on  a series  of  armatures 
attached  to  a disc,  which  is  therel>y  caused  to  roll 
or  “wobble.”  The  motion  thus  obtained  is  con-  ' 
verted  into  rotary  motion  by  a crank  and  shaft.  i 

4,036. — H.  A.  Dibbin,  Hallaton,  Leicester. 
Electric  Apparatus  for  Applying  Railway 
Brakes.  6d.  (6  figs.)  October  31.  j 

iM.UiNETO-ELECTRic  Genfr.vtor. — The  currents 
re<iuired  for  opei’ating  a brake  electrically  in  ac- 
cordance with  this  invention  may  be  obtained  from 
a magneto-electric  generator  amongst  other  sources. 

Conductors. — Conducting  wires  are  united  at 
their  ends  by  a spigot  and  socket  joint  formed  of 
split  and  sprung  metal  tube,  and  sheatlicd  with 
india-rubber. 

j 

4,053. — H.  Conradi,  London.  (Emil  Andre,  \ 

Ehrenbreltstehi,  Prussia.)  Electro  - Metal- 
lurgical Apparatus.  4d.  November  1. 

M.^gneto  - Electric  and  Dynamo  - Electric  ! 
Generators. — This  invention  consists  in  the  appli-  j 
cation  of  the  above  generators  to  tlie  production  of  j 
metals  from  impure  metals,  alloys,  ores,  rubbish, 
and  scrap. 

4,232. — G.  Zanni,  London.  Magnetic  Appa-  i 
ratus  for  Ringing  Bells,  &c.  fid.  (9  figs.)  | 
November  13. 

Magneto-Electric  Generator.— Improvements  ! 
on  apparatus  described  in  Specification  No.  2,721  { 

of  1871.  The  permanent  magnets  arc  ma<le  of  I 


horseshoe  shape  instead  of  circular.  An  armature 
(presumably  Siemens’)  is  rotated  by  hand  in  a 
cylindrical  recess  formed  between  the  magnet  poles, 
the  required  speed  of  rotation  being  obtained  by  the 
use  of  toothed  or  friction  gear.  In  one  form  of  tliis 
generator  rotation  of  the  armature  is  obtained 
from  a direct  pull  by  means  of  a straight  rack  act- 
ing on  a train  of  toothed  wheels  gearing  to  a pinion 
on  the  armature,  and  in  another  form  the  motive 
mechanism  is  clockwork.  Tliese  generators  have  a 
commutator  of  the  usual  construction  for  making 
the  currents  generated  in  the  armature  continuous. 

4,275. — F.  W.  Heinke,  Twickenham.  Pro- 
ducing Electric  Light.  2d.  November  15. 

Arc  Lamp. — Two  carbon  discs  are  caused  to 
rotate  near  each  other,  the  electric  arc  forming 
at  their  edges.  The  discs  may  be  enclosed  in  a 
glass  or  metal  case  v'ith  a top  and  Ijottom  aperture, 
through  which  the  heat  “ created  l>y  the  combus- 
tion of  the  carbon”  causes  a draught  of  air  to  pass. 
Tliis  current  is  applied  to  turn  a fan  “which  by 
suitable  intermediate  gear  gives  motion  to  the 
carbons,  and  works  the  feed.”  The  feed  may  be 
worked  by  clockwork  if  the  carbons  are  rotated 
thereby,  or  by  a small  engine  worked  by  a boiler 
placed  on  top  of  the  carbons.  The  feed  may  be 
altered  for  different  rates  of  combustion,  qualities 
of  carbon,  and  other  circumstances  by  a series  of 
‘ ‘ eccentric  step  cams”  arranged  on  one  spindle,  and 
any  one  may  be  thrown  into  gear  with  a movable 
toothed  wheel  gearing  into  a deep  tooth  wheel  on 
the  feed  screw  spindle. 

4,341. — A.  G.  Bell,  London.  Coupling  Wires 
for  Conveying  Electricity.  4d.  November  20. 
Conductors. — Relates  to  using  a return  wire 
on  telephone  circuits  in  order  to  eliminate  induc- 
tion. The  two  wires  are  insulated  and  then 
.stranded  together. 

4,412. — F.  H.  ZifFer,  ^Manchester.  Electric 
Lamps.  8d.  (7  figs.)  November  23. 

Arc  Lamp. — This  invention  consists:  (1)  In 

causing  the  carbons  to  approach  or  recede  by  means 
of  screws  actuated  by  spur  or  bevel  gear  ; each 
carbon  may  be  worked  independently  if  de.sired. 
(2)  In  causing  the  cai'bons  to  revolve  as  they 
approach  each  other.  Horizontal  and  vertical  forms 
of  this  lamp  are  illustrated  and  described  in  detail. 

4,432. — J.  Rapieff,  London.  Production  and 
Application  of  Electric  Currents  for  Light- 
ing, &C.  3s.  lOd.  (454  figs.)  November  24. 
Dynamo  - Electric  Generator.s.  — 3'hese  im- 
provements may  be  grouped  into  three  series.  I.  A 
method  of  constructing  a compound  bobbin  or 
elcctro  niagnct  consisting  of  several  smaller  bobbins 
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united  to  a pair  of  pole-plates.  2.  The  use  of  a 
“ closed  magnetie  cireuit”  in  each  group  of  bobbins. 

Arrangements  for  avoiding  the  bad  effeet  of 
useless  iiuluetion  eurrents  in  the  magnet  eores  and 
coils.  To  obviate  the  inconvenienee  of  retarded 
magnetisation  due  to  mutual  induetion  in  systems 
of  bobbins,  the  eores  of  sueh  bobbins  are  made  up 
of  a series  of  thin  eleetro-magnets  -with  their  like 
poles  similarly  placed.  Another  plan  consists  in 
coiling  the  bobbin  with  a ribbon  having  a warp  of 
cotton  or  silk,  and  a woof  of  conducting  wire. 
Many  forms  of  compound  electro-magnets  con- 
structed in  accordance  with  the  above  methods  are 
described,  and  the  inventor  states  that  in  all  cases 
the  magnetising  currents  must  be  intermittent  or 
alternating.  For  generating  induced  currents  a 
conductor  is  coiled  with  another  conductor,  both 
being  insulated  ; when  an  intermittent  current  is 
sent  through  the  inner  conductor  an  induced  current 
appears  in  the  outer  coil.  If  the  compound  con- 
ductor be  coiled  round  a third  conductor,  and  an 
intermittent  current  be  sent  through  the  latter,  the 
induced  current  which  appears  in  the  exterior  coil 
will  be  stronger,  and  its  strength  will  be  further  in- 
creased by  coiling  the  triple  system  around  an  iron 
core.  A dynamo-electric  generator  involving  these 
principles  consists  of  a ring  armature  “coiled  with 
one  or  several  conductors,  which  may  be  wires  or 
ribbons  of  any  shape,  insulated  or  not,  and  may  be 
wound  in  one  or  in  several  series.”  The  diagram. 
Fig.  1,  shows  three  systems  of,  connecting  the 


separate  sections  of  the  ring  coils.  A category  of 
ten  distinct  advantages  of  this  kind  of  armature 
are  recited.  The  field  magnets  may  consist  (1)  of 
a suitably-shaped  arrangement  of  one  or  more  iron 
sheets  or  wires,  coiled  with  wire,  or  (2)  of  compound 
electro-magnets  as  described  at  the  beginning  of 
this  abstract.  Fig.  2 shows  a generator  in  which 
AAA  are  the  inductors  and  B B B the  armatures. 
The  latter  are  keyed  to  the  shaft  0,  and  are  rotated 
whilst  the  inductors  AAA  remain  fixed.  Several 
other  forms  of  generator  are  described  and  illus- 
trated, which  consist  of  applications  of  the  various 
arrangements  of  electro-magnets  and  armatures 
referred  to  above.  Sectional  commutators  of  the 
ordinary  kind  are  provided  for  giving  the  currents 
a constant  direction,  and  the  currents  are  taken  off 
by  brushes,  springs,  rollers,  or  mercury  baths. 
When  the  armature  is  fixed  the  following  arrange- 


ment may  be  adopted  : A disc,  provided  with  as 
many  projections  as  there  are  poles  in  the  generator, 
is  secured  to  the  rotating  shaft,  and  these  projec- 
tions press  successively  at  determined  moments  on 
contact  springs  which  are  connected  on  the  one  side 
to  the  bobbin  terminals  and  on  the  other  side  to  the 
field  magnet  coils. 

Arc  La.mi’S. — Two  or  more  carbons  are  used  for 
each  pole,  and  they  are  secured  oblicpiely  so  that 


the  outward  motion  of  each  carbon  is  limited  at  its 
ends  by  its  encounter  with  the  other  carbon.  Fig. 
3 shows  a lamp  on  this  principle  ; a c,  (C-  are  the 
carbons  of  one  pole,  d d'  are  the  liolders,  and  r r 
springs  with  cords  attached  for  advancing  the 
carbons  as  they  eonsume.  A piece  of  carbon  is 
placed  aci’oss  the  poles  when  it  is  desired  to  establish 
the  electric  arc.  For  obtaining  a continuous  light 
of  great  intensity  the  poles  are  made  of  non-eom- 
bustible  material,  and  tlie  arc  is  maintained  by 
feeding  between  the  poles  a substance  capable  of 
giving  off  vapour  which  acts  like  the  oil  which 
feeds  an  ordinary  lamp. 

Electrodes.  — These  may  consist  of  carbon 
coated  with  metal,  or  with  cores  of  metallic  wire. 
When  intense  liglit  is  required  carbons  may  be 
formed  of  a mixture  of  coal  with  a substance  which 
disengages  heavy  gases  under  the  heat  of  the  arc, 
or  magnesia  lime  and  other  such  substances  may  be 
combined  with  the  coal.  This  wordy  specification, 
which  runs  to  42  pages,  includes  a vast  amount  of 
detail  which  cannot  be  referred  to  in  this  abstract. 

4,435. — S.  A.  Varley,  Hatfield.  Electrical  Ap- 
paratus for  Lighting,  &c.  lOd.  (13  figs.) 
November  24. 

Dyn’amo-Electric  Generators. — This  invention 
has  reference  chiefly  to  the  class  of  genei’ator  de- 
scribed in  Specification  No.  4,905  of  1870,  and  has 
for  its  object  the  more  economical  production  of 
electric  currents,  and  their  distribution  or  division. 
The  revolving  bobbins  have  each  a wooden  core 
surrounded  with  a number  of  iron  wires  arranged 
parallel  to  the  axis  of  the  core.  Convolutions  of 
insulated  wire  are  wrapped  over  the  iron  wires, 
and  then  a second  series  of  iron  wires  is  added,  and 
a second  coil,  and  so  on  to  any  desired  extent. 
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The  field  magnets  may  he  hiiilt  up  in  a similar  way 
to  the  revolving  hobbins.  To  divide  the  light 
“ electric  division  bobbins”  ai'c  used.  Tliese  con- 
sist of  rings  of  helices  like  those  just  described, 
except  that  they  are  Avrapped  with  two  or  more 
wires  side  by  side  instead  of  one  continnons 
length  of  wire.  These  helices  have  soft  iron 
pole-pieces.  There  are  as  many  distinct  cir- 
cuits as  there  are  separate  insulated  wires  on  the 
helices.  In  an  apparatus  Avith  four  circuits,  three 
may  each  include  an  electric  lamp,  and  the  remain- 
ing circuit  should  be  connected  to  the  rcA^ersing 
commutator  of  a generator  such  as  that  described 
in  Specification  No.  4,905  of  1876.  When  the  gene- 
rator is  in  action,  alternating  currents  Avill  be  pro- 
<luced  in  the  circuits  including  the  lamps.  Re- 
A-ersals  of  the  cnrrents  in  the  division  boblnns  may 
be  obtained  by  causing  them  to  move  betAveen  the 
poles  of  electro-magnets  “polarised  in  alternate 
<lirections,”  and  Avhen  this  plan  is  adopted  the 
bobbins  are  made  Avith  holloAV  cores  of  soft  iron 
Avires,  and  are  mounted  so  as  to  moA’e  freely  in  tAvo 
soft  iron  tubes  having  a slot  cut  through  them  on 
one  side.  These  tubes  form  extensions  of  the 
poles  of  electro-magnets  and  enA’clop  some  of  the 
helices  ; they  also  approach  one  another  to  Avithin 
three-quarters  of  an  inch.  Metallic  contact-pieces 
may  be  attached  to  the  ends  of  the  helices  and 
project  into  tiie  slots  in  the  tubular  extensions  of 
the  magnet  poles  ; and  three  sets  of  contact  springs 
are  mounted  OA'er  such  extensions.  One  set  of 
springs  rests  on  the  contact-pieces  in  tlic  central 
space  separating  the  slotted  tubes,  and  the  other 
two  sets  on  the  contact-pieces  near  the  poles  of  the 
electro-magnet,  and  these  are  connected  to  one  of 
the  poles  of  the  lamp,  the  others  being  joined  to 
the  second  pole.  A rapid  to-and-fro  motion  in  the 
direction  of  the  length  of  the  slotted  tubes  giA-en 
to  the  helices  by  suitable  means  produces  alter- 
nating currents  in  such  helices.  The  above-de- 
scribed generators  are  availalde  as  motors. 

Dea’i.atoe. — To  re-establish  the  circuit  in  the 
CA'ent  of  a cai’bon  breaking  in  an  arc  lamp  the 
iiiA'entor  uses  an  apparatus  consisting  of  an  electro- 
magnet in  the  main  circuit,  Avhich  on  loiing  its 
current  releases  an  armature,  and  thereby  com- 
pletes the  circuit  again  through  a carbon  resistance. 

*4,464. — L.  Simon,  Nottingham.  (8'.  Sc/nickerf, 

Nnrnhenj.)  Dynamo  - Electric  Machines. 

4d.  (2  figs.)  November  27. 

r)YN.\MO-ELf:cTiiic  Gexer.\T()r. — 'riic  armature 
is  an  iron  ring  composed  of  a number  of  sheet-iron 
rings  insulated  “magnetically”  from  each  other, 
and  Avound  like  a Gramme  ring.  The  field  magnet 
poles  arc  deeply  recessed  to  receive  the  armature, 
and  tlius  bring  an  increased  portion  of  its  surface 


under  the  influence  of  the  magnetic  field.  An 
ordinary  sectional  commutator  and  brushes  are  used 
to  collect  the  currents  generated. 

4,748. — W.  R.  Lake,  London.  {E.  Jresfoii, 
X(nmrk,  New  Jri-fry,  U.S.A.  Magneto-Elec- 
tric Machines.  6d.  (4  figs.)  December  14. 

Dyn.amo-Electric  Gener.ytor. — Improvements 
on  the  generator  described  in  Specification  No.  4,280 
of  1876.  These  are  as  folloAvs  : (1)  Commutator 

brushes  attached  to  a disc  moA'ing  concentrically 
with  the  shaft  and  are  adjustable  about  it.  (2)  For 
electro-depositing,  an  automatic  sAA’itch  operated  by 
centrifugal  force  short-circuits  tlie  electrodes  in  the 
A"^at  as  soon  as  the  speed  falls  to  a prescribed  point. 
(.3)  In  oriler  to  prevent  rcA'crsal  of  polarity  of  a gene- 
rator “ a constantly  closed  differential  circuit  of  pre- 
scribed resistance”  is  combined  Avith  the  main  cir- 
cuit. This  is  effected  by  a resistance  coil  placed 
as  a shunt  to  the  main  circuit.  (4)  To  keep  the 
generator  cool  its  interior  parts  are  coated  Avith 
paraffine,  and  it  is  placed  in  a Avater-tight  shell 
through  Avhich  Avater  is  caused  to  circulate. 

4,824. — B.  Hunt,  Loudou.  {D.  Brooks,  PliUn- 
<h‘lphia.)  Insulating  Telegraph  Wires,  &c. 
6(1.  (5  figs. ) December  19. 

CoxDUCTORS. — Co2iper  Avires  are  Avraiiiied  Avith 
cotton  and  then  immersed  in  melted  jiaratfine,  after 
having  been  kept  at  a tennAerature  of  320  deg. 
Fahr.  for  an  hour  and  a half.  For  undergrouiul  or 
submarine  use  seA'eral  of  these  conductors  may  be 
tlraAvn  into  lengths  of  Avrought-iron  tubing,  and  the 
tube  then  filled  up  Avith  paraffine  oil.  Stand -jiijAes 
are  jilaced  at  inteiwals  along  a line  of  these  con- 
ductors by  Avhich  a head  of  oil  is  kejit  in  the  tubes. 

4,893, — A.  M.  Clark,  London.  (Lontin  and  Co., 
Barit.)  Dynamo-Electric  and  Magneto- 
Electric  Machines.  4d.  December  24. 

Dy.vamo-Fi.ectric  Gexer.ators. — The  object  of 
this  iiiA'eution  is  to  obtain  continuous  currents 
Avithout  a commutator.  If  a magnet  bo  made  to 
raoA’e  jAarallel  to  an  iron  l)ar  on  aa  Inch  several  small 
coils  are  arranged,  a current  continuous  in  direction 
Avill  be  produced  in  each  coil.  If  the  bar  ends  be 
nnited  so  as  to  form  a ring  the  same  elfcet  Avill  be 
oljtained  during  the  passage  parallel  thereto  of  a 
magnet.  One  or  more  such  rings  may  be  made  to 
turn  in  front  of  a number  of  similar  magnetic  poles 
and  the  currents  so  produced  may  be  collected  and 
employed  to  excite  the  electro-magnets.  'I’lic  ring 
“ may  be  com^ioscd  of  a scries  of  coils  attached  one 
after  the  other  in  a circular  or  polygonal  form.  ” 
The  field  magnets  may  be  jilaccd  either  laterally 
outside  or  inside  the  ring,  or  may  envelop  its  sur- 
face more  or  less. 
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''131. — D.  Gollner,  liatavia.  Electrical  Cables. 

‘ill.  January  10. 

CoNDUCTOiis. — This  invention  consists  in  covering 
the  gutta-percha  cores  of  submarine  and  subter- 
ranean conductors  with  a coating  of  india-rubber  in 
order  to  guard  them  from  tlie  ravages  of  marine 
and  other  animals. 

162. — W.  R.  Lake,  London.  (.7.  .7.  McThjhe, 
Pilfshioy,  Pcniisi/h'cuiin,  U.8.A.)  Producing 
and  Applying  Magneto  - Electricity.  Cd. 

(8  figs.)  January  T2. 

Macneto-Electuic  Gexeratoes.  — a vibratory 
motion  is  given  to  one  of  the  poles  of  a magnet 
“ having  an  electrical  coil  or  helix  within  its  field 
of  induction,”  and  thereby  “intermittent  or  pul- 
satory” electric  currents  are  generated  in  such  coil. 
Tills  invention  is  designed  for  telegi-aphic  and  tele- 
phonic purposes  and  takes  the  form  of  a liorseslioe 
magnet  with  one  of  its  poles  flattened  out  to  form  | 
a diapliragm  and  its  otlier  pole  provided  with  a 
coil  wliich  lies  between  the  two  poles. 

240. -E.  T.  Hughes,  London.  (IT.  WuUace, 
Amonia,  Connecticut,  U.S.A.)  Electric 

Lamps.  4d.  (2  figs.)  January  18. 

Arc  Lamp. — This  consists  of  a square  wooden 
liase  carrying  two  metallic  bars  parallel  to  each 
other  and  with  a space  between.  The  carbons  arc 
rectangular  plates  and  are  clamped  one  to  each  bar 
with  their  edges  parallel  and  close  to  each  other. 

The  electric  arc  forms  between  these  edges  and 
travels  onwards  as  the  carbons  consume. 

251. — C.  W.  Siemens,  London.  Electric  Tele- 
graph Conductors,  &c.  Cd.  (4  figs.) 

January  19. 

Conductors. — After  covering  the  conducting 
wires  with  insulating  material  in  any  known 
manner,  and  to  any  desired  thickness,  the  core  thus  | 
formed  is  drawn  through  the  hollow  mandrel  of  a 
chuck  on  which  is  mounted  a bobbin  of  metallic 
tape.  The  chuck  being  made  to  revolve,  as  the 
conductor  is  drawn  onwards,  the  metallic  tape  is 
wound  in  helical  form  on  the  latter  with  more  or 
less  overlap  as  may  be  desired.  The  conductor  is 
then  drawn  through  a smooth  die  to  close  down  the 
convolutions  of  the  taping.  The  machine  for  effect- 
ing these  operations  is  illustrated  and  described. 

292. — G.  Andrews,  London.  Motive  Power. 

2d.  .January  23. 

iVlAGNETic  Motor.  — “ The  operation  of  this 
machine  depends  on  the  property  of  attraction  and 
repulsion  of  the  negative  and  positive  poles  of  per- 
manent magnets  respectively,  the  independent 


force  counteracting  the  gravitation  exercised  by  the 
weights  employed  to  keep  the  revolving  magnets 
turning,  at  the  same  time  overcoming  the  friction 
to  which  every  machine  is  necessarily  liable  ; this 
force,  therefore,  has  the  effect  of  keeping  the 
weights  always  wound  up,  and  as  the  permanent 
magnets  rather  increase  in  power  from  use,  the 
machine  will  be  self-sustaining.” 

308. — L.  A.  Brasseur  and  S.  W.  M.  de  Sussex, 

London.  Galvanometers,  (id.  (3  figs). 

.January  23. 

(Ialvanometeu. — The  invention  has  more  espe- 
cially for  its  object  the  construction  of  a relay  for 
use  with  long  electric  conductors.  Projecting  at 
right  angles  from  the  N.  pole  of  a vertical  permanent 
magnet  is  a light  pivotted  iron  armature,  a soft  iron 
adjustable  continuation  of  the  S.  pole  parallel  to 
and  slightly  above  the  armature  serving  to  support 
it  and  maintain  its  stability.  Midway  between 
the  ends  of  the  armature  rise  on  either  side  from 
the  N.  pole  of  a second  permanent  magnet,  the  soft 
iron  core-pieces  of  two  small  electro-magnets,  caus- 
ing the  armature  to  be  equally  repelled.  At  the 
further  end  and  in  prolongation  of  the  armature, 
projects  a needle  carrying  a light  pivot  descending 
from  which  is  an  arm  carrying  a small  plate,  and 
projecting  hoiizontally  from  its  sides  is  a le\'er, 
having  at  one  extremity  a fine  platinum  point, 
and  at  the  other  an  adjustable  counterpoise.  Two 
reservoirs  containing  mercuiy,  resi'ectivcly  con- 
nected to  the  N.  and  S.  poles  of  a local  battery, 
are  mounted  immediately  under  the  small  plate 
and  fine  platinum  points. 

*311. — H.  E.  Newton,  London.  (Harriet  (1. 

lIo!<mer,  Rome.)  Obtaining  Motive  Power. 

2d.  .January  23. 

Magnetk;  Motor. — A heavy  horizontal  balanced 
metallic  wheel,  the  hollow  rim  of  which  is  filled 
with  lead,  has  its  boss  also  hollow,  and  containing 
a number  of  armatures  working,  as  the  wheel 
I'cvolves,  in  front  of  a similar  number  of  per- 
manent magnets  secured  to  the  framing.  On  the 
other  siile  of  these  magnets  are  heavier  hinged 
armatures  held  in  place  by  .springs,  but  removable 
by  tappets  attached  to  the  boss.  The  stationary 
magnets  exerting  an  attractive  force  on  the  arma- 
tures in  the  boss  of  the  wheel  cause  it  to  revolve 
when  these  have  reached  a certain  point ; they 
require  to  be  relieved  from  the  attraction  of  the 
magnets,  “otherwise  they  would  be  held  in  contact 
therewith.  This  release  of  the  rotating  armatures 
is  done  by  counteracting  or  destroying  their  at- 
tractive force  by  allowing  the  other  armatures  to 
come  in  contact  with  the  opposite  sides  of  the 
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magnets.  On  so  doing,  the  magnetic  current,  or 
the  greater  portion  thereof,  will  he  diverted  from 
tlie  movable  armatures,”  &e. 

312. — H.  Clifford,  London.  Submarine  Tele- 
graph Cables.  4d.  January  2.3. 

CoxmiCTOES. — To  protect  the  insulated  cores  of 
conductors  from  the  ravages  of  insects,  they  are 
covered  by  a metallic  sheathing  prepared  as  follows  : 
A tape  of  felt,  or  other  fibrous  material,  is  treated 
with  a mixture  of  resin  and  resin  oil  or  marine 
glue,  and  while  the  compound  is  still  in  a warm 
and  plastic  state,  the  tape  is  pressed  on  one  or  both 
sides  of  thin  wire  gauze,  sheet  brass,  or  other  metal, 
and  to  insure  its  perfect  adhesion  it  is  pressed  be- 
tween a pair  of  rollers  ; or  the  metal  itself  may  be 
treated  in  like  manner.  This  prepared  tape  is  then 
laid  helically  round  the  insulated  core  ; each  over- 
lap as  it  passes  through  the  closing  rollers  of  the 
machine  is  pressed  against  the  neighbouring  under- 
lap, thus  forming  a compact  protecting  covering. 
Tlie  usual  covering  of  jute  is  then  served  over  the 
prepared  tape. 

375. — E.  T.  Truman,  London.  Manufacture 
of  Insulated  Telegraphic  Conductors,  &c. 
4d.  January  29. 

CoNDUCTOR.s. — The  conductor  is  insulated  ■with 
vulcanite  as  follows  : A tinned  conductor  is  covered 
with  a suitable  thickness  of  a mixture  composed  of 
india-rubber,  ozokei'it  (or  other  wax),  and  sulphur  ; 
the  covered  conductor  being  then  inserted  into  a 
lead  tube,  is  baked  or  cured  under  pressure  or  con- 
tinement,  at  a proper  temperature,  for  a sulhcient 
length  of  time.  It  is  asserted  that  the  lead  tube 
will  give  the  conductor  the  necessary  power  of 
bending  without  the  vulcanite  cracking  or  rup- 
turing. 

*446. — H.  V.  Weyde,  London.  Illuminating 
Objects  to  be  Photographed.  2d.  Feb- 
ruary 2. 

Reflectors. — A parabolic  or  other  concave  re- 
flector is  employed  in  coml)ination  with  a shield 
of  oparpie  or  semi-translucent  material,  to  intercept 
the  direct  rays  of  light. 

*471. — M.  Gray,  London.  (A^.  E.  Uoynier,  Paris.) 
Carbon  Electrodes.  2d.  February  5. 

C.iRl’.oxs. — Thecarbonrods  having  been  immersed 
in  a solution  of  eaustic  soda  or  potash  are  coated 
with  iron  or  nickel  by  electro-deposition. 

*492. — S.  J.  Coxeter,  London.  Battery  Rheo- 
stats. 2d.  February  (>. 

Rueost.vts. — Holes  are  drilled  through  a block 


of  wood,  and  in  these  are  placed  various  resistances 
composed  of  a mixture  of  graphite  and  glass  powder. 
The  holes  are  closed  at  the  upper  part  by  metallic 
plugs  and  at  the  lower  part  by  a metallic  plate 
electrically  connecting  them  all.  By  means  of  an 
arm  various  resistances  may  be  switched  in. 

596.— E.  B.  Bright,  London.  Applying  Elec- 
tricity. Gd.  (11  figs.)  February  13. 

Riieostat.s. — An  arrangement  of  rheostats  and 
thermostats  gives  indication  on  a central  instrument 
of  the  locality  of  an  outbreak  of  fire. 

611. — A.  G.  Bell,  London.  Electric  Telephonic 
Apparatus.  6d.  (5  figs.)  February  14. 

Magxets. — The  magnets  are  made  tidjular,  and 
the  tube  is  bent  down  upon  itself  so  that  the  outer 
and  larger  tube  surrounds  the  inner  and  smaller 
tube  ; the  coil  is  wound  on  the  inner  tube.  The 
vibrating  plate  maj^  be  formed  from  a portion  of  the 
magnet  itself. 

717. — R.  A.  Kipling,  Paris.  Electric  Lamp. 
Gd.  (8  figs.)  February  21. 

Arc  Lamp. — A lamp  adapted  to  burn  four 
carbons,  the  two  positive  being  on  a higher  level, 
and  crossing  the  two  negati\e  at  right  angles. 
Each  carbon  slides  in  a tubular  casing,  and  is  fed 
forward  by  a spring  or  travelling  band.  A store  of 
carbons  may  be  arranged  like  the  charges  of  a 
repeating  firearm  or  a revolver-like  action  may  be 
attached  to  the  tubular  casing.  The  frame  on 
which  the  negative  carbons  are  mounted  is  made  to 
slide,  and  is  pressed  upwards  by  springs;  the  arma- 
ture of  an  electro-magnet  being  attached  to  this 
frame  draws  it  down  on  the  passing  of  the  current 
and  establishes  the  arc. 

759.  -F.  Lambert,  London.  Telegraph  Cables. 
Gd.  (2  figs.)  February  23. 

CoxDUCTORS. — To  aflbrd  better  protection  to  the 
insulated  core,  it  is  first  passed  through  a bath  of 
pitch,  tar,  oils,  collodion,  or  other  agglutinating 
material,  and  is  then  covered  with  a layer  of  slag 
wool,  the  whole  is  then  served  spirally  with  a tape 
impregnated  with  slag  wool. 

*767. — H.  Conradi,  London.  (/’.  Ulche,  U'oi- 
(jnsfe,  J'rnssia.)  Covering  Telegraph 
Wires,  &c.  2d.  February  2.">. 

Coxiu’CTOR.s. — The  wires  have  jiainted  on  them, 
layer  after  layer,  a solution  of  india-rubber  and  bi- 
sulphurct  of  carbon  (CSo).  Chatterton’s  compound 
in  solution  with  C So  may  be  similarly  employed, 
or  a combination  of  the  two  solutions  in  the  pro- 
portion of  4 to  1 may  lie  used. 
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*861. — T.  F.  Scott,  Birmingham.  Apparatus  for 
Producing  Electric  Light,  ‘id.  March  2. 

C.vr.noNS.  — Finely  powdered  earbou  or  coke 
mixed  witli  a thick  paste  of  Hour  or  starch  is 
moulded  in  dies  and  dried  by  exposure  to  the  air, 
and  furtl)cr  hardened  by  heating.  A second  and 
more  intense  heating  is  then  applied  to  decompose 
the  flour  or  starch.  Flexible  carbons  are  made  by 
incorporating  with’  the  mixture  fibres  of  asbestos 
or  hemp  or  other  mineral  or  organic  fibres.  The 
blocks  arc  made  of  such  a figure  that  when  fixed  on 
a flexible  band  and  passed  over  a pulley  the  ends 
shall  interlock,  or  endless  tapes  of  carbon  may  be 
employed.  A stream  of  finely  divided  carbon  is 
projected  on  the  arc. 

902. — N.  T.  Neale,  London.  Transmitting 
Light  and  Apparatus  therefor.  6d.  (8  figs.) 
March  5. 

Reflectors. — The  light  is  condensed  by  a re- 
flector and  passed  into  a reflective  tube  through 
which  it  is  transmitted  to  the  place  where  it  is 
desired  to  be  utilised,  it  being  there  dispersed  or 
condensed  by  other  reflectors.  The  tube  may  be 
in  contact  with  a heat-conducting  material. 

915. — H.  C.  'Spalding,  Bloomfield,  N.J.,  U.S.A. 
T ransmitting  Power  by  Electric  Currents. 
Gd.  (2  figs.)  March  0. 

Transmission  of  Power. — A current  generated 
by  any  ordinary  dynamo  actuates  a motor  con- 
structed as  follows  : The  outer  annular  casing  of 
soft  iron  suitably  suspended  between  two  metallic 
rods  passing  through  its  edges  and  secured  to  the 
base-plate  has  its  inner  edges  cut,  circumferentially, 
into  a series  of  ratchet-like  steps ; in  the  illustration 
six  are  shown  of  a long  isosceles  configuration. 
Mounted  on  suitable  bearings  and  concentric  to  this 
casing  is  a revolving  shaft  having  rigidly  fixed  to 
it,  electro-magnets,  whose  core-pieces  approach 
sufficiently  near  to  the  steps  of  the  annular  casing 
to  be  alternately  attracted  by  them,  an  ordinary 
commutator  arrangement  being  employed  to  admit 
the  current  at  the  right  moment. 

953. — J.  H.  Johnson,  London.  (Z.  T.  eirrnnmo 
and  E.  L.  G.  d' Ivi-rnois,  Pni'is.)  Electro- 
Magnetic  Machines.  Gd.  (2  figs.)  (Patent 
dated  March  29,  1878.)  March  9. 

Electro-Maijnetic  Generator. — A generator 
for  producing  alternating  currents.  Arranged 
round  an  annular  armature  composed  of  insulated 
iron  wire  are  a series  of  coils  or  bobbins  of  copper 
wire,  each  coil  being  insulated  from  the  others  and 
coupled  up  to  give  32,  IG,  8,  or  4 distinct  currents 
as  required.  Radially  mounted  on  a shaft  and 
revolving  in  the  armature  are  a number  of  bar 


electromagnets  separately  and  oppositely  excited, 
having  their  polar  armatures  extended  cither  way 
in  the  path  of  their  rotation. 

*1,195.— H.  C.  Spalding,  Bloomfield, N..L,  U.S.  A. 
Electric  Conductors.  2d.  ^larch  20. 
CoNimcTORS. — Any  electrical  conducting  fluid  is 
put  into  non-conducting  tubes  fitted  at  both  ends 
with  metallic  connecting  plugs. 

1,198.— H.  C.  Spalding,  Bloomfield,  N..L,  U.S.A. 
Electric  Conductors.  Gd.  (9  figs.)  March  2G. 
Conductors. — To  obtain  a greater  conducting 
area  laminated  plates  suitably  arranged  and  covered 
with  glass  or  enamel  are  used  in  place  of  solid  con- 
ductors, or  a glass  or  enamel  tube  may  be  lined 
with  a thin  metallic  sheet  by  electro-deposition. 

1,197.— H.  C.  Spalding,  Bloomfield,  N..J.,  U.S.A. 
Apparatus  for  Regulating  the  Motion  of 
Electric  Motors.  Gd.  (2  tigs.)  March  26. 
Governor.^ — An  o-rdinary  ball  governor  driven 
by  the  motor  actuates  by  a link  a contact  lever  or 
switch  which  increases  or  decreases  the  resistance 
in  the  circuit  as  the  speed  of  the  motor  becomes 
excessive  or  is  diminished. 

1,228. — H.  Wilde,  Manchester.  Electric  Tele- 
graphs. Gd.  (Gfigs.)  March  28, 
Magneto-Electric  Generator. — A Paciiiotti 
armature  is  surrounded  at  equi-angular  distances 
by  a circle  of  electro-magnets  of  alternate  polarity. 
The  current  from  one  or  more  coils  on  the  arma- 
ture, collected  at  a commutator,  is  taken  to  excite 
the  electro-magnets,  the  remaining  current,  col- 
lected at  a pair  of  rings,  is  used  for  external  work. 
The  magnets  may  be  separately  excited. 

1,24-8. — J.  Oppenheimsr,  Manchester.  Insu- 
lators for  Telegraphic  Purposes.  4d. 
( 1 fig. ) March  29. 

Insulators. — The  pin  of  a iiorcelain  insulator, 
open  at  its  top,  is  in  connexion  with  the  earth,  and 
has  its  upjier  end  pointed  and  surrounded  by  a 
ring  of  insulating  material.  A metallic  cap,  to 
which  the  line  conductor  is  attached,  covers  and  is 
cemented  to  the  insulator  and  closely  approaches 
the  point  of  the  pin  ; the  whole  thus  forms  a light- 
ning conductor. 

1,442. — G.  E.  Alder  and  J.  A.  Clarke,  London. 
Producing  Light  for  Photographic  Pur- 
poses. 4d.  April  11. 

Reflectors. — A suitable  reflector,  by  preference 
built  up  of  small  pieces  of  silvered  glass,  in  com- 
bination with  a shield  of  semi-transparent  material, 
is  employed  to  intercept  the  direct  rays  of  light. 
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*1,467.  — H.  C.  Spalding,  Bloomfield, 

U.S.A.  Originating  and  Developing  Elec- 
tric Currents,  "id.  April  12. 

1)yn.\mo-Ki.ectrI(J  Current.^. — Consists  in  ar- 
ranging and  bringing  into  simultaneous  action  a 
series  of  dynamo-electric  generators  “ whereby  a 
feeble  current  produced  in  the  first  may  be  in 
creased  or  intensified  by  successively  passing 
through  the  remaining  machines  or  engines  of  the 
series.” 

■*1,587.  I.  L.  Pulvermacher,  London.  Pro- 
duction, Application,  and  Regulation  of 
Electric  Currents.  4d.  April20. 

(I.4LVANOMETER. — .4  modified  form  of  galvano- 
meter is  described  as  a “compensator,”  a pivotted 
“resistance  blade”  dipping  in  a trough  of  mercury 
being  gradually  lifted  or  lowered  by  the  action  of 
the  galvanometer.  In  the  construction  of  a motor 
the  “ resistance  blades”  are  used  in  place  of  a com- 
mutator. 

*1,677. — G.  Zanni,  London.  Electrical  Sig- 
nalling Apparatus.  4d.  April  25. 

.Motor. — A signalling  mechanism  consisting  of 
a vertical  armature  mounted  between  two  electro- 
magnets. Attached  to  the  armature  is  an  escape- 
ment device  engaging  with  the  teeth  of  a ratchet 
wheel  which  operates  a pointer  recording  the 
signals  on  a dial. 

*1,770.— C.  D.  Abel,  London.  (X.  A.  Otto,  Dcutz.) 
Apparatus  for  Igniting  the  Charges  of  Gas 
Motor  Engines.  2d.  May  2. 

41.vgneto-Klectric;  Generator. — The  armature, 
preferably  of  the  Siemens  type,  may  revolve  con- 
tinuously, its  coils  and  magnets  being  so  adjusted 
as  to  give  a spark  when  the  gaseous  charge  has 
been  admitted  to  the  cylinder,  or  a rapid  motion 
is  given  the  armature  only  when  it  is  required  to 
ignite  the  chai’gc.  Contact  inside  the  cylinder  is 
made  by  a movable  contact  piece,  which  is  sepa- 
rated at  the  right  moment  from  a fixed  insulated 
contact  by  suitable  mechanism.  The  current  may 
be  passed  into  a condenser. 

1,927. — P.  Jensen,  London.  (A.  J.  H.  Canre, 
Parin).  Electric  Apparatus,  fid.  (7  tigs.) 
May  14. 

Motor. — The  magnets  of  this  motor  arc  made  by 
winding  on  a solid  or  built-up  core  a number  of 
turns  of  insulated  wire  and  then  laying  on  the 
outermost  coil  of  wire  a number  of  small  bars  of 
soft  iron,  the  winding  being  continued  over  these 
bars.  This  alternate  arrangement  of  wire  and  iron 
bars  may  be  repeated  as  often  as  desired.  The 


motor  described  is  composed  of  three  such  magnets 
arranged  as  an  inverted  triangle,  with  their  axes 
parallel.  A shaft  carries  at  each  end  five  project- 
ing armatures,  which  pass  close  to  either  face  of 
the  magnets,  and  an  ordinary  commutator  admits 
currents  to  the  magnets  as  desired. 

*1,932. — W.  Scantlebury,  London.  Galvanic 
Batteries  and  Electrical  Appliances.  2d. 
May  14. 

Vacuum  Tubes. — This  relates  to  the  combination 
of  a condenser,  induction  coil,  and  vacuum  tube  for 
scenic  effects. 

*1,937. — W.  Abbott,  London.  Coating  Tele- 
graph Wires.  2d.  May  15. 

Conductors. — The  conductor,  either  bare  or  pre- 
viously insulated,  has  braided  over  it  a cotton  or 
other  yarn,  or  fibre,  impregnated  with  the  residium 
from  the  distillation  of  ozokerit  in  a liquid  or 
heated  state. 

1,988. -^P.  la  Cour,  Copenhagen.  Phonic 
Wheels,  &c.  Cd.  (14  figs.)  May  17. 

Magnetic  Motor. — A small  electro-magnet  acts 
by  means  of  the  phono-electric  current  upon  the 
iron  teeth  of  a horizontal  mercury-weighted  wheel, 
which  first  has  a spinning  motion  imparted  to  it  by 
hand,  its  rotation  being  then  maintained  by  the 
magnet,  a tooth  passing  the  pole  for  each  wave  of 
current. 

2,003. — H.  J.  Haddan,  London.  {C.  JSrush,  Cle- 
relcunl,  Ohio,  X.S.A.)  Apparatus  for  the 
Generation  and  Application  of  Electricity 
for  Lighting,  Plating,  &.C.  Is.  (.59  Figs.) 
May  IS. 

This  invention  relates  to  ; 1,  the  general  arrange- 
ment of  the  generator  ; 2,  the  novel  form  of  arma- 
ture ; 3,  the  construction  of  the  commutator  ; 4, 
the  arrangement  of  the  conductors  on  the  field 
magnets  ; 5,  an  arc  lamp ; and  (!,  encasing  or  plating 
carbons. 

Dvnamo-Electric  Generator.  — The  general 
arrangement  will  be  understood  liy  reference  to 
Fig.  1,  a vertical  section,  through  its  axis,  of  the 


generator,  w herein  the  ring  armature  A,  of  iron  or 
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other  luagnetio  substance,  is  attaehed  to  a limb  B 
of  any  suitable  material,  rigidly  mounted  on  tlie 
shaft  C,  which  also  carries  the  commutator  cylinder 
E,  and  is  driven  by  the  pulley  T).  The  electro- 
magnets H H are  excited  by  the  whole  or  a por- 
tion of  the  current;  the  pole  - pieces  N N,  S S, 
being  segmen tally  extended. 

AuM.VTi'itK. — A perspective  view  of  this  is  given 
in  Fig.  2,  from  wliich  it  will  be  seen  to  consist  of 


Fiq  2 


two  parts  A A',  firmly  secured  together  with  suit- 
able insulating  material  FI  between  them.  An 
annular  groove  B is  formed  on  one  or  both  sides  of 
the  armature,  while  C C arc  depressions  which 
are  wound  fidl  of  insulated  wire,  the  holes  D I), 
together  with  the  groove  B serve  to  keep  the 
armature  cool  and  destroy  any  induced  currents. 

Cj.mmct.vtor.  — In  T'ig.  3,  a view  in  cross- 


section,  P is  a hub  or  cylinder  of  wood  or  other 
suitable  non-conducting  material,  to  which  are 
attached  by  suitable  screws,  separate  metallic  plates 
or  sub-segments  B,  having  attached  to  them  the 
bobbin  wires  0,  and  on  which  are  mounted  the 
wearing  segments  S T,  the  sub-segments  corre- 
sponding in  fashion  and  location  to  the  segments 
above  them.  The  copper  conducting  and  insulating 
segments  S >S,  T T,  are  secured  to  the  sub-seg- 
ments K by  screws  K having  the  bearing  parts  of 
their  cylindrically  elongated  heads  near  the  lower 
side  of  the  segments.  Fig.  4 shows  in  plan  the 
method  of  placing  and  connecting  the  segments 
iS  T.  The  insulating  segments  T may  be  omitted 
and  Oiien  spaces  kept  in  their  place. 

Electro-Magnet.s. — These  are  arranged  hori- 
zontally in  pairs  on  either  side  of  the  armature  and 


have  their  polar  faces  extended  to  present  a large 
surface  thereto  ; a fine  high  resistance  wire  in  com- 
parison with  extenial  circuit,  or  “teaser,”  is 
arranged  as  a shunt,  and  is  wound  on  the  cores  to 
maintain  a permanent  magnetic  field,  the  main  coils 
being  w'ound  on  over  the  “teasers”  or  otherwise. 

Arc  Lamp. — A heli.x  of  insulated  wire  in  the 
form  of  a hollow  cylinder  A rests  on  an  insulated 
plate  A*  upheld  by  a metallic  standard  FI.  The 
soft  iron  core  is  partly  supported  by  adjustable 


springs  C,  through  which  passes  the  rod  B,  moving 
freely  in  the  helix  ; a clamping  ring  D surrounding 
the  rod  B has  one  edge  over  a lifting  tongue  the 
opposite  edge  being  under  the  head  of  an  adjust- 
able set  screw  Dh  The  standard  E is  fastened  to  a 
base  H,  to  which  is  attached  the  lower  carbon 
F"‘  by  means  of  a support  G,  having  its  lower  part 
slotted  and  bent  at  right  angles,  and  secured  to 
the  base  by  a set  screw  Gh  The  upper  part  carries 
a cai-bon-holder  composed  of  a split  cylinder,  one 
piece  being  attached  to  the  support  and  the  other 
resting  in  a stirrup  provided  with  a set  screw'.  By 
suitable  link  and  lever  connections  the  clamping 
ring  is  arranged  to  control  a rod  operating  the  feed 
of  the  lamp  in  which  both  carbons  move. 

Carbons. — In  coating  carbons  it  is  preferred  to 
electro  plate  them  with  copper,  nickel,  or  other 
suitable  material,  or  a ribbon  of  any  one  of  the 
materials  may  be  wrapped  spirally  round  the 
carbon,  or  carbon  compounded  with  magnesia, 
lime,  &c.,  may  I)C  rammed  into  a metallic  tube. 

*2,008.  — J.  N.  Aronson,  London.  Scenic 
Effects,  &c.  2d.  May  20. 

FIlectric  Light. — The  scenes  are  “dressed” 
with  vacuum  tubes  so  arranged  that  any  group 
or  groups  may  be  partly  or  totally  extinguished. 
The  dresses  of  the  players  may  be  decorated  in  a 
similar  manner,  portable  batteries  being  then  used. 
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*2033. — A.  M.  Clark,  London.  (D.  Ward  and 
A.  Bad,  BndcMre,  N.Y.,  U.S.A.)  Eiectro- 
Motors.  2(1.  May  21. 

Magneto-Ele(!tric  Motor. — A wheel  carrying  a 
number  of  magnets  alternately  wound  in  opposite 
directions  revolves  in  a ring  to  which  are  attached 
a corresponding  number  of  permanent  magnets. 
A current  cbangcr  makes  the  current  alternate, 
causing  the  electro-magnets  to  be  attracted  to  and 
partly  to  pass  the  permanent  magnets  from  wdiich 
they  are  then  repelled  by  the  reversal  of  the 
current. 

2,193. — A.  F.  St.  George,  Redhill,  Surrey. 
Apparatus  for  Producing  Induced  Cur- 
rents of  Electricity,  Specially  Applicable 
to  Transmitting  Signals,  &.C.  6d.  (.3  figs.) 

June  1. 

jSIagnet.s. — Fine  insulated  wire  is  coiled  on  a 
bar  magnet ; a coil  of  thicker  wire  is  superimposed, 
having  in  its  circuit  a suitable  contact  break.  The 
induced  current  of  the  fine  wire  causes  tlie  dia- 
X^hragm  of  the  telephone  to  vibrate,  and  so  give  a 
signal. 

2,281. — C.  W.  Siemens,  London.  Distributing 
and  Regulating  Electric  Currents  to  Work 
Lamps,  &.C.  Cd.  (S  figs.)  June  7. 

Electric  Light. — Tliin  strips  of  metal  are 
employed  which  elongate  or  contract  according  to 
the  current  passing,  and  operate  mechanism  by 
which  resistance  is  switched  in  or  out  of  the  circuit, 
or  the  movement  of  the  thin  strip  may  directly 
effect  the  adjustment  of  the  carbons  in  a lamp. 

2,399. — W.  P.  Thompson,  Liverpool.  (E. 
Beynii'i-,  Paris).  Obtaining  Light  by  Elec- 
tricity. Gd.  (7  figs.)  June  17. 

Arc  Lamp. — A base-plate  supports  a hollow 
vertical  standai'd,  in  the  npxicr  part  of  whicli  slides, 
in  friction  rollers,  a rod  from  which  projects  at 
right  angles  the  adjustable  upper  carbon-holder, 
which,  descending  by  its  own  gravity,  feeds  tlie 
carbon  on  to  the  disc-shajoed  lower  carbon  at  a line 
out  of  its  centre,  thus  furnishing  tangential  force, 
which  causes  the  disc  to  turn,  the  disc  being  carried 
by  a bracket-like  holder  xirojecting  from  tlie  vertical 
standard.  Contact  witli  the  iqiper  carbon  is  made 
in  a lateral  direction  near  its  iioint. 

*2,401. — C.  Dubos,  Paris.  Apparatus  for  Pro- 
ducing Electric  Light.  2d.  .June  17. 

Arc  IjAMP. — One  carbon  is  mounted  on  a soft 
iron  bar  or  tube  sliding  loosely  through  a helix  of 
wire.  Tlie  bar  oi-  tube  may  be  balanced  by  weights. 
Where  botli  carbons  arc  required  to  move,  tliey  are 


connected  by  a cord  arranged  over  suitable  pulleys 
to  regulate  their  respective  rates  of  travel,  or  both 
carbons  may  be  regulated  by  separate  helices. 

2,477. — R.  Werdermann,  London.  Apparatus 
for  Electric  Lighting.  8d.  (15  figs.)  June21. 

Arc-Ixc.axde.scext  Lamp. — The  ujiper  electrode 
has  a considerably  larger  sectional  area  than  the 
lower  one,  which  is  fed  up  to  it  by  weights  or  other 
suitable  means.  “ An  infinitesimally  small  arc  is 
liroduced,  to  which  the  incandescence  of  the  carbon 
is  due.”  An  arrangement  of  lamps  in  parallel  cir- 
cuit with  the  means  of  switching  in  equivalent  re- 
sistances is  described. 

2,640. — E.  Leek,  Longton,  and  J.  Edwards, 
Fenton,  Staffs.  Magnets  for  Separating 
Metallic  Substances  from  Materials  used 
in  the  Manufacture  of  Pottery,  &c.  Gd. 
(20  figs.)  July  2. 

Magxets. — The  materials  are  passed  over  ^ler- 
manent  or  electro-magnets  of  various  forms,  the 
magnets  being  nickeled  or  silver-iilated  to  jirevent 
their  corrosion. 

2,816. — G.  E.  Pritchard,  Bishoxi’s  Stortford. 
Magnetising  Metal  or  other  Substances, 
&c.  Gd.  (12  figs).  .July  13. 

M.agxet.s. — Thin  xilates  of  hard  steel  magnetised 
in  the  usual  way  are  bent  to  a xiarabolic  form,  and 
a number  of  them  screwed  together,  the  centre 
becoming  a xioint  of  strong  xiolarity. 

*2,878. — E.  J.  Harding  and  H.  Bull,  London. 
Electric  Motor.  4d.  July  18. 

Electric  Motor. — Mounted  along  the  shaft  arc 
radial  “ flyers,”  alternately  attracted  and  rexielled 
by  electro-magnets  x^^‘'>'<^ed  under  the  shaft,  a 
suitable  current  changer  being  xu'ovidcd. 

*2,930. — H.  E.  Newton,  London.  (Harriet  G. 
llosmer,  Borne.)  Apparatus  for  Obtaining 
Motive  Power.  2d.  July  23. 

Magnetic  Motor. — This  is  identical  with  No. 
311  of  1878,  with  the  exccx>tion  that  the  movable 
armatures  are  in  the  form  of  rollers,  and  the 
magnets  detached  from  one  another  by  xiresenting 
the  same  x^oles. 

2,943. — W.  R.  Lake,  London.  (J.  IF.  de.  Castro, 
New  York,  U.S.A.)  Lighting  Apparatus  for 
Mines,  Tunnels,  &c.  Gd.  (G  figs.)  July  24. 

Electric  Light. — The  light  is  reflected  into  the 
workings,  &c.,  by  an  arrangement  of  mirrors, 
Xirisms,  and  tubes.  'I'lic  tubes  contain  caustic 
lime  or  chloride  of  calcium  to  keep  the  air  within 
them  dry  and  dear. 
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2,962.— J.  H.  Nettlefold,  Birmingham.  Join- 
ing Wires.  Cd.  (18  figs.)  July-5. 

CoNiH'CTORS. — In  joining  conducting  wires  their 
ends  are  doubled  back  for  a few  inches,  the  loop 
so  formed  at  the  end  of  one  wire  is  passed  through 
tlie  loop  of  the  other,  and  the  whole  drawn  up 
tight. 

3,016. — W.  Morgan-Brown,  London.  (D.  (1 . 
Jlaskinx,  BoMon,  Mnxs.,  U.S.A.)  Lifeboat 
and  Signal  Buoy.  6d.  (6  figs.)  July  30. 

Electric  Light. — From  “a  rotary  electrical 
apparatus,  a conducting  wire  extends  upwards” 
and  “passing  out  terminates  in  luminous  rotating 
points.” 

3,134. — C.  H.  Siemens,  London.  (E.  IT. 
Siemens  and  F.  II.  von  AlteneeJ:,  Berlin). 
Apparatus  for  the  Dynamical  Production 
and  Application  of  Electricity.  Is.  2d. 
(32  figs. ) August  8. 

Dynamo-Electric  Generators. — The  first  gene- 
tor  described  is  of  horizontal  construction  and  has 
its  coils  M’ound  on  a cylindrical  armature,  each  pair 
of  opposite  divisions  being  coiled  with  two  separate 
M’ires  ; one  of  the  wires  starting  from  an  insulated 
metallic  ring  and  traversing  the  length  of  the 
armature  terminates  at  one  of  the  commutator 
plates  ; the  other  wire  starting  from  the  directly 
opposite  plate  of  the  commutator  terminates  at  the 
metallic  ring,  which  thus  receives  one  end  of  all 
the  wires.  Two  sets  of  tangential  brushes  collect  the 
current.  In  the  modified  form  shown  in  Fig.  1, 


the  armature  D is  a flat  soft  iron  ring  made  either 
solid  or  built  up  of  iron  wire  and  is  attaclied  to  the 
shaft  E by  arms  projecting  from  the  boss  J.  On 
the  base  A are  fixed  the  two  end  frames  B B, 
secured  to  which  are  the  electro-magnets  C pro- 
jecting inwards  parallel  to  the  axis  of  the  machinery, 
the  iron  plates  F of  trapezoidal  shape  forming 
polar  fields.  The  coils  S are  formed  of  insulated 
wire  transversely  wound  on  the  ring  D,  and  the 
coils  of  the  magnets  are  so  conneete  that  the  two 


polar  fields  faeing  each  other  are  always  of  one 
polarity,  and  tlie  two  next  in  order  of  opposite 
polarity  ; the  coils  S thus  have  alternating  eurrents 
induced  in  them  which  may  be  transmitted  sepa- 
rately from  the  machine  or  combined  in  groupings 
by  means  of  the  insulated  rings  H and  tangen- 
tial brushes  K.  The  electro-magnets  having  con- 
stant polarity  the  coils  take  tlieir  current  from  the 
brushes  of  a commutator  G.  In  a further  modifica- 
tion a non  - magnetic  disc  rotates  between  the 
electro-magnets  as  last  described,  and  has  wound 
in  its  plane  on  elongated  cones,  preferably  of  wood, 

; a number  of  eoils  of  insulated  wire,  tlie  electro- 
j magnets  having  their  polar  ends  correspondingly 
I extended  by  attached  iron  plates.  The  arrange- 
ment of  insulated  rings  and  commutator  last  de- 
scribed is  used  to  collect  the  current.  Another 
form  of  generator  has  its  electro-magnets  arranged 
radially,  the  coils  of  the  armature  being  wound 
on  a cylindrical  shell  revolving  between  an  inner 
and  outer  set  of  electro-magnets.  Fig.  2 shows. 


half  in  elevation  and  half  in  vertical  section, 
a unipolar  generator  for  producing  currents  of  low 
electromotive  force,  in  -which  two  cores  A A'  secured 
to  a base-plate  B,  all  of  soft  iron,  form  a horseshoe 
magnet.  Revolving  about  the  cores  are  cylindrical 
copper  shells  C,  on  an  axis  d on  which  is  a pinion 
I e.  Outside  the  shells  C are  cylindrical  iron  shells 
/ /'  secured  to  a plate  /-,  and  -ttfitli  it  forming  a 
j horseshoe  magnet.  Surrounding  the  cores  A A^  at 
I their  lower  parts  are  helices  of  thick  copper  g g^, 

1 similar  helices  h Id  surrounding  the  upper  parts  of 
j'f^  ; these  are  in  electrical  connection  -with  the 
shells  C through  the  shallow  vessels  k and  I con- 
taining mercury',  the  current  going  to  the  external 
circuit  by  tlie  terminals  m ?ub  This  invention 
also  relates  to  various  methods  of  coupling  up  sepa- 
rate generators  “so  as  to  produce  a chain  of  dy- 
namo-electric action.” 

Arc  Lamp.?. — In  the  first  lamp  described,  the 


xlviii 


Ahstracts  of  Patents. — 1878. 


two  carbons  held  in  suitable  holders,  incline 
to  each  other,  and  meet  at  their  points,  being  kept 
in  this  position  either  by  springs  or  their  own 
weight.  The  point  of  a rod  of  refractory  material 
is  thrust  between  the  points  of  the  carbons  by  the 
action  of  a solenoid,  and  separates  them,  thus 
forming  the  arc,  the  rod  being  consumed  at  the 
same  rate  as  the  carbons.  In  another  form  of 
lamp  the  carbons  are  placed  vertically  over  each 
other,  the  lower  carbondiolder  being  pivotted  in 
the  fork  end  of  an  armature  drawn  upwards  by  a 
spring,  but  actuated  by  an  electro-magnet,  through 
which  alternating  currents  pass,  thereby  giving  to 
the  lower  carbon  rapid  vertical  oscillations,  the 
upper  carbon  feeding  downwards  by  its  own 
weight  as  it  is  consumed.  This  arrangement  is 
capable  of  being  inverted,  in  which  case  the  lower 
carbon  is  fed  upwai-ds  by  a lloat,  or  a spring  in 
tension. 

3,250.  -H.  Wilde,  Manchester.  Producing  and 
Regulating  Electric  Light.  6d.  ("2  Figs.) 

August  17.  • 

Auc  L-^wr. — Two  carbons,  arranged  vertically 
and  parallel,  slide  through  two  clipping  holders ; 
one  holder,  pivotted  at  its  lower  end,  has  an  arma- 
ture which  is  acted  on  by  an  electro-magnet  to 
part  the  carbons,  an  opposing  spring  keeping  them 
in  contact.  When  the  carbons  have  burnt  to  a 
certain  depth  an  occulting  ring  obscures  the  light 
and  they  have  to  be  raised.  A ring  of  insulation 
round  the  bottom  of  one  carbon  prevents  their 
lower  ends  coming  in  contact. 

*3,3I5.“C.  W.  Siemens,  Loudon.  Apparatus 
for  Electric  Lighting.  2d.  August  22. 

Arc  Lamp. — The  carbons  are  fed  through  two 
tubes,  inclining  downwards  and  forwards,  by 
rollers  actuated  by  clockwork,  the  last  wheel  of 
the  train  being  controlled  liy  “ flyers,”  on  the 
spindle  of  which  is  fixed  a friction  M hecl.  Imme- 
diately over  this  wheel  is  a small  weight  suspended 
from  the  centre  of  a thin  strip  of  platinum  or  other 
metal,  having  one  end  connected  to  each  of  the 
troughs  ; should  the  carbon  points  conic  too  close 
more  current  passes  through  the  metal  strip,  \\  Inch 
by  its  consequent  expansion  lowers  the  weight  on 
to  the  friction  wheel  and  so  retards  the  feed  move- 
ment. 

Carrons. — To  provide  a continuous  siqiply  of 
carbons  the  back  end  of  one  has  a countersunk 
hollow,  and  the  front  end  a conical  point ; the  atten- 
dant serves  the  point  with  a paste  made  of  pasty 
caoutchouc  solution,  or  carbon  powder  and  adhesive 
gum,  and  presses  the  gummed  point  into  the  pre- 
vious car’>  m. 

l)yxA.MO-Eij;c'TRic;(!K.\ER.VTou.s. — To  obtain  alter- 


nating currents  from  constant  current  generators  a 
commutator  is  jdaced  on  the  shaft  consisting  of 
successive  jilates  connected  respectively  and  alter- 
nately to  the  electrodes  of  the  machine,  and  having 
a pair  of  tangent  w'ire  brushes  bearing  against 
them,  connected  respectively  to  electrodes  for  the 
external  circuit. 

*3,317.  - E.  A.  Obach,  Charlton,  Kent.  Galva- 
nometers. 2d.  August  22. 

(iALV.vxoMETERS. — The  meridian  ring  or  coil  is 
mounted  on  horizontal  bearings,  one  at  each  side 
of  the  needle  dial,  and  is  provided  with  a graduated 
scale  and  set  screrv,  permitting  of  its  being  adjusted 
at  various  degrees  of  inclination  to  the  axis  of  the 
needle,  which  is  ca2iable  of  movement  only  in  the 
horizontal  jilane. 

3,338. — J.  E.  F.  Ludeke  and  A.  J.  Thorman, 
London.  Obtaining  and  Applying  Motive 
Power  by  Magnets.  Gd.  (14  figs.)  August 
24. 

Electro  - M.vonetic  Motor.  — “Batteries”  of 
horseshoe  magnets,  arranged  with  the  poles  alter- 
nately so  as  to  form  hollow  cylinders,  are  placed 
at  either  end  of  a base-jdate ; a soft  iron  shaft  run- 
ning through  the  centre  of  the  cylinders  carries 
two  crosses  of  soft  iron  working  close  to  the  faces 
of  the  “ batteries  above  this,  and  geared  with  it, 
is  a second  shaft  carrying  a cross  formed  of  tw'o 
horseshoe  magnets  with  their  jioles  suitably  bent 
outwards  ; these  revolve  in  the  sjiace  between  the 
two  crosses  on  the  lower  shaft  and  one  of  suflicient 
length  just  to  clear  the  same.  Another  motor  is  in 
the  form  of  a revolving  wheel  or  cylinder,  in  the 
interior  of  which  “grooves  or  curves  are  formed 
of  i>ceuliar  construction”  radiating  from  the  centre 
to  the  iicriidiery  ; in  each  of  these  grooves  is  jdaced 
an  iron  ball  movable  therein,  but  in-evented  from 
bearing  at  the  periphery.  Suitably  arranged  mag- 
nets alternately  attract  and  repel  the  balls.  In 
either  of  the  foregoing  electro-magnets  may  be 
substituted  for  the  permanent  magnets. 

3,470.  -C.  W.  Harrison,  London.  Obtaining 
Light  by  Electricity.  4d.  September  2. 

Electrodes. — Consists  in  impregnating  the  car- 
bons with  some  of  the  metals  or  elementary  bodies 
which  exist  in  the  solar  spectrum  or  its  atmo- 
sphere combining  those  whose  colours  are  compli- 
mentary, (‘.fj.,  sodium  wdth  potassium,  zinc,  or 
mercury  ; this  being  eflected  by  immersing  the 
carbons  in  suitable  solutions  of  tlie  metals,  or  the 
ingredients  may  be  mixe<l  together  in  the  form  of 
powdci-  and  \iiiited  l>y  pressure.  I'lcxible  carbons 
are  made  by  coating  filaments  of  silk,  cotton,  &c., 
previously  treated  with  acid  to  render  it  more 
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combustible  witli  the  mixture  of  carbons  and 
metals. 

Ki.kctrio  Lioiit. — Induced  currents  are  used  to 
maintain  the  light  ; these  are  obtained  from  induc- 
tion coils  made  of  insulated  ribbons  of  iron  and 
copper  wound  one  over  the  other.  When  the 
primary  current  passes  through  the  copper  coil, 
induced  currents  are  created  in  the  iron.  A group 
of  these  coils  may  be  arranged  in  series  and  made 
to  sustain  an  increased  light. 

3,603. — G.  J.  Stanford,  London.  [E.  F.  Phillips, 
Providence,  R.J.,  U.S.A.)  Flexible  Electric 
Conductors  and  Tips  therefor.  Cd.  (11 
figs.)  SeiAember  12. 

Conductors.  — This  relates  to  the  braiding  of 
telephonic  conductors  and  the  attachment  of  a 
“tip”  wire  by  means  of  a thin  metal  thimble  or 
shell ; the  tip  wire  having  been  joined  to  the  end 
of  the  conductor,  by  looping  or  otherwise,  the 
shell  is  passed  over  the  joint  and  crimped  on  to  the 
braided  end. 

3,622. — W.  Smith,  London.  Submarine  Elec- 
tric Telegraph  Cables.  4d.  September  13. 

C0NDUCTOE.S. — The  object  is  to  construct  sub- 
marine conductors  of  small  specific  gravity.  The 
conductor  is  coated  with  one  or  more  layers  of 
insulating  material,  and  this  is  covered  with  a 
mixture  of  gutta-percha  and  shellac.  Over  this 
the  iron  or  steel  wires  are  laid  at  equal  distances 
apart  in  long  open  spirals.  To  embed  them  in  the 
core  they  are  heated,  or  the  core  itself  may  be 
heated,  the  core  being  then  covered  with  further 
coatings  of  insulating  material. 

3,656. — A.  H.  P.  Stuart-Wortley,  London.  Ma- 
nufacture of  Electrodes  for  Electric  Light- 
ing, &c.  4d.  September  17. 

Electrodes: — To  prevent  the  too  rapid  con- 
sumption of  the  electrodes  the  points  are  protected 
by  hoods  or  caps  of  asbestos,  or  the  electrodes  may 
be  made  of  the  following  composition  : Gas  retort 
carbon,  10  parts  ; plumbago,  2 parts  ; asbestos, 
1 part ; or  steatite,  IJ  parts.  It  is  preferred  to  set 
the  electrodes  obliquely  so  as  to  give  a slight 
shearing  action  when  they  run  together. 

3,658.— J.  H.  Johnson,  London.  (A.  de  Me- 
ritens,  Paris.)  Magneto-Electric  and  Electro- 
Magnetic  Machines,  fid.  (Ifi  figs.)  Sep- 
tember 17. 

Electric  Gexer.^tors. — This  invention  relates 
to  direct  current  and  alternating  current  gene- 
rators. In  the  first  or  magneto-electric  generator 
the  armature  is  composed  of  a brass  ring,  around 
which  are  coils,  with  soft  iron  segmental  cores 


separated  by  diamagnetic  partitions  ; the  inducing 
magnets,  of  horseshoe  form  built  up  of  many  thin 
plates,  are  mounted  on  two  brass  rings  attaclied  to 
the  base-plate,  and  are  arranged  round  the  circum- 
ference of  the  armature  in  such  a manner  that 
the  intervals  between  them  are  equal  to  the  solid 
j)ortions.  The  current  is  collected  from  two  in- 
sulated rubbers  mounted  on  the  shaft.  In  the 
second  or  dynamo-electric  generator  for  supplying 
direct  currents,  an  alternating  current  generator 
has  its  hollow  shaft  coupled  to  the  shaft  of  a second 
generator  constructed  as  follow's  : straight  inducing 
electro-magnets,  having  their  cores  formed  of  fine 
iron  wire,  are  mounted  on  two  brass  wheels  rigidly 
attached  to  a hollow  shaft ; at  either  end  or  pole  of 
these  magnets  is  a ring  of  coils  (constructed  as  before 
described)  mounted  in  brass  frames  bolted  to  the 
base-plate.  The  alternating  currents  produced  by 
the  first  generator  pass  along  the  hollow'  shafts  to 
the  straight  electro-magnets  of  the  second  gene- 
rator, inducing  in  the  coils  of  the  latter  direct 
currents  which  are  collected  from  tw'o  binding 
screws  without  the  use  of  a commutator. 

3,676. — H.  E.  Newton,  London.  [Harriet  G. 
Hosmer,  Rome.)  Magnets  and  Armatures 
for  Producing  Motive  Power,  &c.  fid. 

(2  figs.)  (Sealed  the  28th  of  March  by  order 
of  the  Lord  Chancellor.)  September  17. 

M.vgneto-Electric  Motor.  — This  is  fully  de- 
scribed in  Specifications  Nos.  311  and  2,930  of  this 
year. 

3,837. — A.  Longsdon,  London.  (A.  Krupp, 
Essen.)  Electric  Light  Apparatus.  fid. 

(4  figs.)  September  28. 

Arc  Lamp.  — In  this  lamp,  which  is  focus- 
keeping, the  descent  of  an  upper  weighted  carbon- 
holder  causes  the  ascent  of  the  lower  holder  by 
means  of  a small  chain  connecting  them  together 
and  passing  over  suitably  proportioned  pulleys 
whose  speed  of  rotation  is  controlled  by  a tooth 
W'heel  which  gears  with  a fan  revolving  in  a vessel 
of  mercury  ; the  tooth  wheel  is  fitted  with  a pawl 
admitting  of  the  carbon-holders  being  draw'll  apart 
to  insert  fresh  carbons.  The  feed  of  the  carbons 
is  controlled  by  a brake  actuated  by  a shunt  magnet 
pressing  on  the  periphery  of  a friction  wlieel,  the 
brake  lever  being  so  arranged  tliat  it  grips  and 
draws  forward  this  wheel,  slightly  separating  the 
carbons  should  they  get  too  close.  The  lower 
carbon-holder  may  be  immovable  in  lamps  where 
it  is  not  necessary  to  keep  a focus. 

*3,912. —W.  S.  Wilson,  Sunderland.  Manufac- 
ture of  Electric  Lights,  &c.  2d.  October  4. 

Electrodes. — It  is  proposed  “to  form  the 
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electric  arc  1)y  means  of  a gas  or  vapour  of  suflicient 
conducting  power,  such  as  a metallic  vapour  or 
hydro-carbon,  preferably  saturated  or  mixed  with 
carbon.” 

3,971. — G.  and  E.  Woods,  Warrington.  Con- 
necting the  Ends  of  Wires  for  Continuous 
Fencing,  Electric  Telegraphs,  &c.  6d. 

(5  figs.)  October  9. 

Conductors. — The  ends  of  conducting  wires  are 
joined  together  : 1,  by  a split  metallic  tube  having 
threads  cut  on  its  conical  outer  surface,  the  two 
halves  being  jammed  together  by  means  of  two 
nuts  ; 2,  by  laying  the  ends  in  taper  grooves  in  a 
cylindrical  piece  of  metal  and  fastening  them  by 
nuts  ; 3,  by  ^rutting  them  into  a frame  holding  two 
I’oughened  eccentric  or  cam-like  jaw-pieces,  which 
jam  the  ends  on  any  attempt  being  made  to  u ith- 
draw  them  ; and,  4,  by  inserting  them  in  a frame 
having  on  either  side  one  roughened  cam-piece,  the 
opposite  surface  being  corrugated. 

3,976.— M.  R.  Ward,  Brighton.  Magneto- 
Electric  Machines,  fid.  (18  figs.)  Oc- 
tober 9. 

Dyn.vmo-Electric  Generator. — The  first  ge- 
nerator described  is  airanged  similar  to  Gramme’s, 
but  has  the  core  of  the  ring  armature  built  up  of 
a number  of  soft  iron  segments  insulated  from  each 
other,  on  which  the  insulated  wire  is  wound  parallel 
to  the  axis  of  the  armature,  the  whole  being  mounted 
on  a wooden  hub.  The  commutator  is  built  up  in 
the  ordinary  way  of  alternate  strips  of  metal  and 
insulating  material.  In  the  second  generator  an 
armature,  as  above  described,  is  mounted  on  a hollow 
shaft  and  revolves  past  two  electro-magnetic  in- 
ductors fixed  rigidly  on  a shaft,  and  having  their 
outer  polar  faces  cylindrically  extended  to  present 
a large  surface  to  the  inteiior  of  the  revolving 
armature.  In  a generator  for  producing  alterna- 
ting currents,  electromagnets  of  alternate  polarity 
rotate  inside  a series  of  H-shaped  segmental  cores 
bolted  together  so  as  to  form  an  outer  drum-like 
casing,  insulated  wire  being  wound  on  these  cores 
as  described  in  the  armature  of  the  previous  gene- 
rator. The  shaft  carries  two  insulated  metallic 
rollers,  to  one  of  which  the  extreme  end  of  the  wire 
going  round  the  cores  of  the  magnetic  inductors 
is  attached,  the  other  end  being  attached  to  the 
second  ring  ; pressing  on  these  arc  brushes  of  the 
ordinary  form.  In  a modification  of  this  gene- 
rator a double  set  of  magnetic  inductors  revolve, 
the  one  inside  and  the  other  outside  a ring  of 
fixed  coils,  both  the  inductors  and  coils  being 
constiiictcd  as  previously  described  ; the  two 
inductors  which  influence  simultaneously  one  coil 
are  of  like  polarity. 


*3,985.  - H.  W.  Tyler,  Kt.,  Colchester.  Electric 
Lighting.  2d.  October  9. 

Electric  Light. — This  invention  applies  to  : 1 , 
the  use  of  platinum  or  other  gaseous  liquid,  or  solid 
materials  to  give  a light ; 2,  a suitable  switch  and 
resistances  ; and  3,  the  combination  of  the  above. 

3,988. — St.  G.  L.  Fox,  London.  Electric  Light- 
ing, &c.  fid.  (fi  figs.)  October  9. 

Incande.scence  Lamp. — This  lamp  has  a fila- 
ment formed  of  an  alloy  of  platinum  and  iridium 
attached  at  either  end  to  conductors  passing 
through  and  hermetically  sealed  in  the  top  of  the 
lamp,  or  the  filament  may  be  passed  several  times 
over  and  depend  from  a glass  bar  or  tube  placed  in, 
and  near  the  top  of,  the  lamp.  To  distribute  the 
electrical  energy  one  jiole  of  the  generator  is 
attached  to  a system  of  main  conductors  and  their 
sub-branches,  and  the  other  pole  to  earth,  which 
is  used  throughout  the  system  as  a return. 

Current  Meter.  — Tlie  quantity  of  electric 
energy  used  is  measured  by  an  electro-magnetic 
voltameter  joined  up  in  a derived  circuit  from  the 
main  conductor,  and  consisting  of  an  electro-magnet 
and  automatic  make  and  break;  the  voltameter 
being  joined  up  between  the  points  of  contact,  the 
extra  current  formed  on  breaking  contact  passes 
through  the  voltameter  and  decomposes  the  water. 

Secondary  Batterie.s. — A number  of  secondary 
batteries  joined  together  in  series  between  the 
main  and  earth  serve  as  reservoirs  for  the  elec- 
tricity. 

Conductors. — The  mains  may  be  carried  in  gas 
pipes  and  suitably  insulated  therefrom.  To  main- 
tain a constant  electromotive  force,  a quadrant 
electrometer,  placed  in  the  circuit,  is  so  arranged 
that  the  deviation  of  its  needle  either  way  will 
complete  one  or  other  of  two  electric  circuits,  which 
acting  on  an  electro-magnet,  cause  it  liy  suitable 
means  to  regulate  the  supply  of  steam  to  the  engine 
working  the  generator. 

3,991. — J.  Clark,  London.  Adapting  the  Elec- 
tric Light  to  Domestic  and  other  Pur- 
poses. 4d.  October  9. 

Electric  Light  — To  subdivide  the  main  cur- 
rent a bath  of  mercury  is  placed  at  the  end  of  the 
main  conductor,  and  from  this  a number  of  finer 
conductors,  all  preferably  of  uniform  length  and 
resistance,  lead  to  the  lamps.  The  lamps  arc  made 
by  enclosing  finely  powdered  charcoal  in  glass  tubes, 
wdilch  are  then  surrounded  by  a larger  globe. 
Asbestos,  either  pow'dered  or  in  sinall  lumps,  or 
chromate  of  iron,  or  bichromate  of  potash,  may  be 
used  as  a luminous  medium. 

4,006. — P.  Jensen, London.  (.V.  Ma.)ru>t,  Unnin.) 
Electric  Lighting  Apparatus,  fid.  (.’ifigs.) 
October  10. 
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Inc.vxdkscen'OE  Lamp. — In  this  lamp  an  adjust- 
able earhon  disc  is  slow  ly  rotated  by  the  descent  of 
a wciglited  carbon  rod  which  impinges  on  its  peri- 
phery in  a line  between  its  centre  and  circnmfercnce; 
the  spindle  of  the  disc  is  cut  with  a fine  thread, 
and  this  gives  it  a slight  horizontal  movement. 
The  lamp  may  be  inverted,  the  carbon  rod  being 
then  pressed  up  by  a w'cight  and  string  arranged 
over  a pulley. 

*4,016.— J.  Munro, London.  Electric  Lighting, 
Heating,  and  Motive  Power  Apparatus. 
4d.  October  11. 

Electric  Light. — The  object  of  this  invention  is 
to  divide  the  current  and  supply  it  in  separate 
pulses  to  each  lamp.  To  accomplish  this  a divider 
is  used  which  consists  of  a rapidly  revolving  shaft 
connected  to  one  pole  of  the  generator.  The  ends  of 
all  the  separate  lamp  circuits  are  arranged  radially 
round  this  shaft  and  a brush  contact  attached 
to  the  shaft  sweeps  the  ends  as  it  revolves, 
thus  making  contact  with  every  lamp  in  each  re- 
volution, or  the  ends  of  the  conductors  may  be 
arranged  alongside  the  shaft  and  contact  made  by 
cams  arranged  helically  on  the  shaft,  or  the  shaft 
may  have  an  ofecillating  motion,  or  a vibrating  fork 
may  distribute  the  current  which  may  be  passed 
through  a condenser  on  its  w'aj'  to  tlie  divider. 

*4,022. — J.  W.  T.  Cadett,  London.  Arrange- 
ments for  Electric  Lighting.  4d.  October 
11. 

Resistaxces. — To  maintain  a steady  light  an 
excess  of  current  is  generated  and  resistances  are 
placed  between  the  generator  and  the  lamp,  “ such 
resisting  medium  to  be  made  to  deliver  the  amount 
of  current  retpiired  for  each  place.”  An  automatic 
resistance  is  made  by  causing  a motor  to  raise  an 
arm  to  which  is  fixed  a rod  of  carbon  dipping  into 
a bath  of  mercury;  when  the  resistance  thus  caused 
becomes  too  high  an  electro-magnet  releases  an 
armature  and  thus  short-circuits  the  motor.  In  arc 
lamps  a rod  of  carbon  is  arranged  to  dip  into  a 
trough  of  mercury  as  the  carbons  draw'  apart,  so 
counterbalancing  the  increased  resistance  of  the 
arc.  An  electro-magnet  switches  in  an  equivalent 
resistance  in  the  event  of  the  arc  being  extin- 
guished. 

4,031. — A.  M.  Clark,  London.  {L.  Clcmandot, 
Paris.)  Softening  or  Diffusing  Electric 
and  other  Lights.  6d.  {4  figs.)  October  11. 

Globes. — Double  globes  are  used  and  the  inter- 
vening space  is  filled  with  materials  of  a flocculent 
nature  such  as  pow'dered  glass,  glass  W'ool,  spun 
glass,  calcined  mica,  or  silver  leaf,  either  separately 
or  in  various  combinations.  The  materials  and 


globes  may  be  tinted,  or  the  globes  m.ay  be  built  up 
of  lenses  or  prisms. 

*4,041. — W.  North,  Huddersfield.  Electro-Mag- 
netic Engine  for  Driving  Rotary  Hair 
Brushes.  ‘2d.  October  12. 

Electro-M.agnetic  Motor. — An  iron  spindle  has 
a number  of  radial  electro-magnets  mounted  on  it, 
and  an  outer  drum-like  case  carries  on  its  inner 
side  a corresponding  number  of  koft  iron  armatures 
and  a number  of  brass  contact  pins,  which  make 
and  break  the  magnet  circuits  as  the  case  revolves. 
The  rotary  brush  is  on  the  outer  side  of  the  case. 

4,043. — St.  G.  L.  Fox,  London.  Applying  Elec- 
tricity for  Lighting  and  Heating.  6d. 
(7  figs.)  October  12 

Incaxdescexce  Lamps. — This  invention  relates 
to  covering  the  filaments  in  incandescence  lamps 
w'ith  a refractory  substance  such  as  finely  divided 
asbestos,  fireclay,  lime,  magnesia,  or  steatite.  For 
heating  purposes  a coil  of  fine  wire  is  used. 
For  boiling  water,  a coil  of  enamelled  w'ire  is 
placed  at  the  bottom  of  the  vessel.  A bad  conduc- 
tor, such  as  graphite  in  combination  w'ith  fireclay, 
may  be  made  to  form  the  lining  of  a furnace. 
Where  very  high  temperatures  are  required,  the 
coil,  placed  inside  a non-heat  conducting  funiace, 
closely  surrounds  the  crucible.  To  regulate  the 
flow  of  current,  a rod  of  copper  or  silver  is  joined 
up  in  the  circuit,  and  by  being  plunged  more  or 
less  into  a glass  containing  mercury,  increases  or 
diminishes  the  resistance. 

Secondary  Batteries. — A number  of  secondary 
batteries,  coupled  together  in  series,  are  each  fitted 
with  a commutator  enabling  them  to  be  coupled  in 
quantity  and  charged  by  a current  of  low'  electro- 
motive force,  and  to  be  capable  of  giving,  by  an 
alteration  of  tlie  commutators,  the  full  tension. 

*4,046. — G.  P.  Harding,  Paris.  Obtaining 
Electric  Light.  2d.  October  12. 

Arc  Lamps. — The  weight  of  the  electrode  is 
supported  by  a column  of  fluid  maintained  at  a 
constant  head  ; as  the  electrode  consumes  it  is 
carried  up  by  the  fluid. 

4,047. — G.  P.  Harding,  Paris.  Apparatus  for 
Regulating  Electric  Light.  6d.  (4  figs.) 

October  12. 

Regul-ITOR. — To  avoid  ov'er-heating  of  the  elec- 
trodes, a wire,  of  less  resistance  than  the  lamp,  is 
placed  in  the  main  circuit  and  held  in  tension  by 
a small  lever  contact  maker  and  spring.  On  the 
current  becoming  excessive,  this  wire  elongates  and 
completes  a shunt  circuit,  in  wliich  suitable  resist- 
ances arc  placed,  or  an  electro-magnet  may  be  used 
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to  automatically  switch  in  the  resistance.  A wire 
may  he  caused  to  heat  its  casing  of  lime  or  other 
material,  and  an  arc  light  may  he  formed  in  a 
cavity  of  a piece  of  lime,  or  lime  may  he  carried  on 
the  electrodes  hy  the  action  of  the  current. 

4,066. — J.  Imray,  London.  {Social  Gmevale 
(V Electricity,  Paris).  Magneto-Dynamo  Elec- 
tric Machines.  Gd.  (12  figs.)  October  14. 

Dynamo-Electric  Generator. — In  this  gene- 
rator the  electro-magnets,  preferably  of  U form,  are 
mounted  obliquely  on  a drum-like  boss  revolving 
within  a ring  of  soft  iron  cores,  either  flat  or  of  U 
form,  wound  with  insulated  wire  and  carried  on 
two  fixed  annular  frames  of  gun-metal,  to  which 
they  are  attached  by  an  extended  polar  face  at 
each  end,  entering  a notch  in  the  frame,  and  being 
secured  therein  by  a set  screw  ; the  cores  are 
placed  either  parallel  to,  or  obliquely  with,  the 
axis  of  the  shaft ; the  core-pieces  may  have  a pole 
at  either  end  and  one  in  the  centre,  in  which  case 
the  outer  poles  are  of  the  same  and  the  centre  one 
of  opposite  polarity  ; the  magnet  coils  are  then 
given  increased  obliquity,  so  that  each  is  within 
the  influence  of  three  of  the  cores.  The  cores  of 
the  U shaped  electro-magnets  may  be  coiled  by 
forming  the  wires  into  a bundle  and  winding  them 
zig-zag  fashion  over  the  alternate  coils  of  the  cores, 
the  end  wires  of  the  bundle  being  connected  in 
such  a manner  as  to  make  the  whole  into  one 
circuit.  The  current  is  collected  at  insulated  rings 
mounted  on  the  shaft. 

*4,074. — A.  Arnaud, London.  Indefinitely  Divid- 
ing Electric  Currents.  2d.  October  14. 

Distribution  of  Currents — To  establish  an 
equilibrium  of  resistance  throughout  a circuit, 
both  conductors  are  put  in  communication  with  the 
positive  pole,  one  direct  and  the  other  through  the 
work  to  be  done  ; the  current  then  follows  a 
parallel  course  in  the  two  conductors  passing  from 
the  first  to  the  second  by  the  work  to  be  done,  and 
to  the  end  of  the  circuit  before  returning  to  the 
negative  pole.  In  electric  lighting  the  lamps  are 
put  in  parallel. 

4,079. — I.  L.  Pulvermacher,  London.  Trans- 
lucent Medium  for  Reflecting,  Refracting, 
and  Diffusing  Light,  &.C.  Gd.  (4  figs.) 
October  14. 

Reflectors. — A dish-shaped  globe  of  glass  or 
other  suitable  material  has  its  inner  sale  furnished 
with  a chemically  deposited  layer  of  platinum,  ren- 
dering the  surface  brilliant  and  yet  retaining  a 
certain  transparency  ; the  light  is  thus  diti'used  in 
the  direction  of  a suspended  re-rellccting  arrange- 
ment of  suitable  shape. 


4,094 — I.  L.  Pulvermacher,  London.  Produc- 
ing and  Regulating  Electric  Currents.  8d. 
(13  figs).  October  15. 

Galvanometer. — This  relates  to  improvements 
on  the  batteries  and  galvanometer  described  in 
Specification  No.  3,409  of  1877.  In  this  instrument, 
the  “ resistance  blade,”  dqiping  into  the  mercury 
trough,  is  made  of  a piece  of  glass  or  ebonite, 
wound  spirally  with  platinum  wire  ; the  blade  is 
actuated  as  previously  described. 

4,100. — F.  H.  Varley,  London.  Producing 
Electricity  and  Electric  Light.  Gd.  (11  figs.) 
October  15. 

Arc  Lamp. — This  relates  to  the  invention  al- 
ready described  in  Specification  No.  l,702of  1877.  A 
stream  of  finely  divided  carbon  is  projected  on  the 
lower  electrode.  An  electro-magnet,  controlled  by 
the  action  of  the  current,  regulates  the  opening  in 
a hopper  ; in  a modification  the  hopper  is  replaced 
by  a vertical  cylinder,  tei'minating  at  its  lower  end 
in  a conical  orifice,  in  which  a disc,  actuated  by 
means  of  linkwork  connected  to  an  electro-magnet, 
regulates  the  supply  of  carbon  powder.  The  carbon 
powder  may  be  fed  to  the  lower  electrode  by  an 
endless  band  moved  by  rollers  connected  to  clock- 
work, or  in  any  other  way.  Similarly  the  carbon 
powder  may  be  fed  between  the  negative  and 
positive  electrodes,  these  being  placed  either 
horizontally  or  vertically,  inclined  to  one  another. 
In  an  arrangement  for  working  in  a vacuum,  the 
hopper  has  a fine  orifice,  and  a trembling  hammer, 
to  maintain  a steady  flow  of  carbon  powder,  is 
placed  over  the  electrodes  which  are  inclined  to 
one  another,  and  the  whole  is  a placed  in  a glass  or 
other  exhausted  chamber. 

*4,114. — E.  J.  C.  Welch,  Manchester.  Dividing 
and  Distributing  Electric  Currents  for 
Lighting,  &.C.  2d.  October  IG. 

Divi.sion  of  Current.^. — This  invention  “con- 
sists in  transmitting  the  main  electric  current  along 
each  of  the  circuits  of  a series  consecutively.  ” The 
apparatus  is  composed  of  a rotating  piece  in  connec- 
tion with  one  terminal  of  the  generator,  having 
the  connections  with  which  it  is  consecutively  to 
complete  a circuit  ranged  around  it,  but  insulated 
fi'om  it  and  from  each  other. 

*4,116. — G.  Forbes,  Glasgow.  Electric  Light- 
ing. 2d.  October  IG. 

Arc  Lamp. — The  light  is  exhibited  in  flashes  of 
extremely  short  duration  by  making  and  breaking 
contact  between  two  carbon  points.  “ A conve- 
nient way  of  giving  a sufficiently  rapid  motion  to 
the  carbon  points  is  by  mounting  them  upon  a 
revolving  wheel.” 
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4,132.— A.  S.  Hickley,  London.  Electric  Light, 
ing  Apparatus.  2d.  October  17. 

Akc-Inc.vxdhscence  Lamp. — Two  carbon  rods 
pressed  upwards  by  springs  impinge  on  the  under 
side  of  a block  of  magnesia,  lime,  or  other  refrac- 
tory material,  and  are  each  in  connection  with  one 
Xiole  of  a generator;  a piece  of  fine  wire  or  foil 
passed  across  the  top  of  the  carbons  serves  to 
establisli  the  arc  ; or  a platinum  or  other  wire,  or 
piece  of  carbon,  passing  thi’ough  a hole  in  the 
block  of  lime,  connects  the  j^oints  of  tlie  two  car- 
bons and  is  withdrawn  by  an  electro-magnet  on  the 
X>assage  of  the  current ; or  the  magnet  may  switch 
on  a current  of  high  tension  which  “ sparks”  across 
tlie  tops  of  the  carbons,  the  sx)arks  acting  as  a 
bridge  to  convey  the  primary  current,  whereupon 
the  electro-magnet  shuts  off  the  high  tension  cur- 
rent ; or  a constant  high  tension  current  may  be 
used.  Three  parallel  carbons  may  be  employed,  the 
two  outer  ones  being  negative,  and  the  inner  one 
positive,  each  being  pressed  against  the  block  by  a 
spring. 

*4,140 W.  Scott,  London.  Electrical  Appa- 

ratus. 2d.  October  18. 

Automatic  Shunt. — The  apparatus  is  constructed 
of  a compound  bar  of  metals  differing  in  their  de- 
gree of  expansion  under  heat  ; these  are  by  pre- 
ference bent  in  the  form  of  a helix,  through  wdiich 
the  whole  or  a portion  of  the  current  may  pass. 
This  helix  is  fixed  at  one  end,  and  attached  at  the 
other  end  to  an  arm  provided  with  sliding  pieces 
arranged  to  alter  the  resistance  in  two  or  more 
rheostats  and  so  vary  the  current  passing  through 
them.  In  cases  where  the  variation  of  the  current 
is  slight,  a simple  piece  of  metal,  or  a small  column 
of  mercury  acting  on  a piston,  may  be  used  to 
actuate  the  arm.  A similar  arrangement  of  shunt 
may  be  used  to  short-circuit  or  throw  off  the  mam 
circuit  when  all  the  branches  are  thrown  off.  A 
compound  bar  may  give  motion  to  an  index  on  a 
graduated  scale  to  indicate  the  amount  of  elec- 
tricity passing. 

4,163. — J.  N.  Aronson  and  H.  B.  Farnie,  Lon- 
don. Electric  Lighting.  4d.  October  18. 

Electrodes. — Osmium  tips  are  used,  made  from 
osmium  in  a powdered  or  granulated  state  which 
is  consolidated  by  heat  or  pressure.  In  the  fii’st 
case  it  is  moderately  compressed  in  plaster-of-paris 
moulds  to  the  size  and  form  required ; the  mould  is 
then  put  into  a muffle  and  submitted  to  a wliite 
heat  for  about  an  hour.  In  the  second  case  it  is 
compressed  in  steel  moulds  under  a pressure  of, 
say,  1,200  tons  to  the  inch.  The  tips  are  then 
placed  in  holders,  preferably  of  carbon,  and  placed 
in  the  electric  circuit.  The  passage  of  a powerful 
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current  causes  the  osmium  to  more  or  less  fuse  and 
become  closely  consolidated  and  liomogcneous. 

*4,180. — I.  L.  Pulvermacher,  London.  Pro- 
ducing Light  by  Electricity.  4d.  October 
19. 

Incandescence  Lamps. — These  are  formed  by 
winding  a thin  jilatinum  wire  over  two  larger 
wires  of  good  conducting  material  kept  apart 
at  the  distance  of  half  the  length  that  it  is  in- 
tended to  give  to  the  loops,  the  edges  of  the 
platinum  wires  being  soldered  to  the  conducting 
wires.  The  band  may  be  used  in  this  form  or 
folded  longitudinally,  so  forming  loops  of  the  pla- 
tinum wires.  The  band  may  be  rolled  into  a 
circular,  convolute,  or  spiral  form  and  inserted  in  a 
glass  enclosure.  In  another  lamp  thin  jilatinum 
wires  are  looped  through  holes  in  a sheet  of  mica  ; 
all  the  wires  are  connected  at  the  back  of  the 
mica,  and  in  front  they  are  connected  in  alternate 
order  with  the  two  conductors.  Another  lamji  is 
constructed  of  platinum  foil  mounted  on  mica, 
having  elongated  clamp  contact  pieces  along  the 
sides. 

*4,206. — R.  P.  Higgs,  London.  Magneto  or 
Dynamo-Magneto  Electric  Machines.  2d. 
October  22. 

Generator. — It  is  proposed  to  construct  the 
generator  so  that  only  magnetic  jioles  of  like 
polarity  are  presented  to  one  conductor.  In  a 
generator  having  the  conductor  and  exciting  magnet 
rotating  together  as  a single  whole  rotating  body, 
it  is  preferred  to  wind  a bar  of  iron,  whicli  can 
rotate  on  its  longitudinal  axis,  as  a straight  electro- 
magnet and  jilace  collecting  springs  at  the  ends 
and  middle  from  whicli  to  convey  the  current  in- 
duced. In  a generator  in  which  the  exciting  mag- 
nets are  fixed,  it  is  prefeiTed  to  form  the  periphery 
of  a wheel,  of  curved  electro-magnets  ; this  wheel, 
mounted  on  an  axle,  is  caused  to  rotate  in  the  end 
of  a cylinder  formed  of  electro-magnets  ; in  the 
other  end  of  the  cylinder  a second  similar  wheel 
rotates. 

4,208. — C.  W.  Siemens,  London.  Means  and 
Apparatus  for  Electric  Illumination.  Sd. 
(7  figs.)  October  22. 

Arc  Lamp. — In  the  first  lamp  described  the  arc 
is  formed  between  the  hemispherical  ends  of  two 
short  tubes  of  steel  or  other  material  kejit  cool  by  a 
current  of  water  playing  on  their  interior  surfaces  ; 
carbon  may  be  interposed  between  these  tubes, 
or  the  negative  electrode  only  may  be  cooled  by 
■water  and  the  other  made  of  cai'bon,  preferably  in 
the  form  of  a disc,  which  slowly  rotates.  The  hol- 
low negative  electrode  is  fixed  at  the  longer  end  of 
a tubular  arm  pivotted  to  the  lamp  frame,  and  has 
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oil  its  shorter  end  an  armature  actuated  by  an  ad- 
justable electro-magnet,  working  in  opposition  to 
a spring,  which  regulates  its  distance  from  the  re- 
volving disc.  A small  cistern,  fitted  with  an  over- 
flow pipe,  receives  the  water  after  it  has  passed 
round  the  hollow  negative  electrode,  and  is  so 
arranged  on  a leaf  spring  as  to  form  part  of  the 
lamp  circuit.  When  the  water  ceases  flowing  the 
spring,  overcomes  the  weight  of  the  cistern  and 
the  circuit  is  broken.  A small  spring  is  provided  to 
“ tail  off  ” the  current  and  so  prevent  tlie  contact 
pieces  being  damaged.  The  axis  of  the  carbon  disc 
I'ests  on  the  curved  arms  of  a pivotted  and  coun- 
terpoised lever,  and  is  I’etained  by  radius  yokes 
pivotted  to  the  fixed  framing  of  the  lamp  ; the  rota- 
tion of  the  axis  (caused  by  its  inclination  to  run 
ilown  the  curved  arms  and  by  the  preponder- 
ance of  the  half-circumference  of  the  disc  which 
has  yet  to  pass  the  arc)  is  controlled  by  a flyer 
geared  with  a train  of  wheels,  a suitably  ar- 
i-anged  brake,  pivotted  with,  and  attached  to, 
the  tubular  arm  of  the  negative  electrode,  checks 
the  flyer  so  long  as  the  lamp  burns  a normal 
arc.  A modification  of  the  negative  electrode  con- 
sists of  a pipe  bent  I'ound  upon  itself  and  fed  by 
a small  circidating  cistern  placed  on  the  top  of 
the  lamp  frame.  The  flow  and  return  pipe  expose  a 
considerable  cooling  surface.  The  distance  between 
the  electrodes  is  maintained  by  the  expansion  and 
contraction  of  a strip  of  metal  placed  in  the  main 
circuit. 

*4,212. — C.  T.  Bright,  Kt.,  London.  Lighting 
by  Electricity.  2d.  October  22. 

Ixc-^NDESCEXCE  L.iMPS.^ — The  light  is  worked  by 
the  secondary  coils  of  an  induction  apparatus 
situated  at  each  point  where  the  light  is  required, 
the  primary  coils  are  coupled  up  to  a main  con- 
ductor common  to  them  all.  The  lamps  consist  of 
glass  vessels  containing  a rarefied  gas  such  as  nitro- 
gen and  vapours  of  phosphorus,  mercury,  ether,  or 
volatile  hydro-carbons  ; the  current  passing  through 
these  renders  them  luminous.  The  current  sup- 
plied to  each  building  is  regulated  by  means  of 
rheostats,  the  amount  used  being  indicated  by  a 
series  of  wheels  controlled  by  an  electro-magnet 
in  the  circuit,  and  having  indicators  upon  their 
axles. 

4,226.  -T.  A.  Edison,  New  .Jersey,  U.S.A. 
Developing  Electric  Currents  and  Light- 
ing by  Electricity.  Is.  (C8  Figs.)  October  23. 

Ma(;neto-Klectric  Oener.vtok. — This  consists 
of  a large  tuning-fork,  which  may  be  either  a 
permanent  or  electro-magnet,  or  liave  electro- 
magnets mounted  on  the  outer  si<les  of  both  its 
arms  ; opposite  tliese  arms  are  fixed  electro  magnets, 
in  whicli  tlie  current  is  induced.  The  vibrations 
arc  maintained  by  a small  air,  gas,  or  steam  engine 


suitably  connected  to  the  end  of  each  arm  of  the 
fork. 

AuTO.M.iTic  Cut-Out. — The  light  emitting  spiral 
of  an  incandescence  lamp  is  coiled  round  a vertical 
rod  of  metal  which  expands  when  the  heat  of  the 
spiral  becomes  excessive,  and  lowers  a contact  lever 
attached  to  its  bottom  end,  whicIi  thus  cuts  the  lamp 
out  of  circuit ; or  the  rod  of  metal  may  be  adjacent 
to  the  siriral  and  reacted  on  by  the  radiated  heat ; 
or  the  air  in  a closed  vessel  contaLning  the  spiral  or 
luminous  strip  expands  when  the  heat  reaches  too 
high  a point,  and  causes  a thin  metal  diaphragm 
to  make  contact  with  a terminal,  and  so  cut  the 
lamp  out  of  circuit  ; or  the  closed  vessel  may  be  in 
communication  with  a chamber  arranged  similarly 
to  an  aneroid,  and  which  would  actuate  the  cut- 
out ; or  a bent  tube,  containing  mercury,  in  which  is 
a movable  float  attached  to  a contact  lever,  may  be 
used  as  a cut-out.  A safety  arrangement  prevents 
the  circuit  being  interrupted  in  the  event  of  either 
the  spiral  or  rod  breaking,  a resistance  coil,  equal 
to  the  lamp,  being  switched  in  should  the  lamp 
break  or  not  be  required. 

Second.\ry  Batterie.s. — These  may  be  used,  the 
current  being  put  through  them  by  the  expansion 
of  metal  rods. 

CurrentMeter. — This  consistsof  a resistance  coil 
proportioned  to  the  number  of  lamps  used,  and  an 
electrolytic  cell,  containing,  in  a solution  of  copper, 
two  electrodes  of  copper,  one  very  thick  and  the 
other  very  tliin,  the  small  portion  of  current 
passing  through  the  cell  carrying  over  copper  and 
depositing  it  on  the  thin  plate.  Various  methods 
of  coupling  in  lamps,  so  as  to  maintain  equal  resist- 
ances in  each  sub-branch,  are  shown  and  described. 

Regul.vtor.— An  index  or  galvanometer  at  the 
central  station  indicates  to  the  engineer  the 
strength  of  the  current,  so  that  he  may  regulate 
the  machine,  or  a governor  may  be  employed  to 
tlirow  in  resistance  or  sliort-circuit  the  current. 

4,278. — E.  J.  C.  Welch,  Manchester.  Apparatus 
for  Electric  Lighting.  Gd.  (3  figs.)  Oc- 
tober 25. 

Current  Divider. — This  consists  of  a cylinder 
having  on  its  inner  circumference  an  odd  numlier  of 
insulated  contact  pieces.  Mounted  on  a shaft,  re- 
volving concentrically  with  the  cylinder,  are  an 
even  number  of  adjustable  rubbing  contact  pieces 
in  connection,  through  the  shaft,  with  one  pole  of 
the  generator  ; as  the  shaft  revolves  the  circuit  is 
completed  with  one  of  cacli  of  the  insidatcd  contact 
pieces  in  turn  by  each  of  the  rubbing  contacts. 

4,283. — J.  E.  Stokes,  Upton  Manor,  Fl.sscx. 
Electric  Lighting.  Gd.  (l.Jligs.)  Oct.  25. 

Automatic  Uut-Oi  t.—  'flic  light  emitting  spiral 
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suiToinuls  a loil  of  metal  -whicli  by  its  expansion 
aetnates  a lever  attached  to  its  lower  end,  which 
makes  contact  with  a relief  circuit,  and  thus  cuts 
tlie  lamp  out  when  the  heat  becomes  excessive. 

*4,287.— F.  Verrue,  Paris.  Magneto-Electric 
Engines.  2d.  October  25. 

M.\oneto-Electric  Gener.vtoer. — Upon  a cast- 
iron  frame  are  fixed  two  l)ronze  drums  on  which 
the  coils,  “ composed  of  a pair  of  flat  parts,  or  bars 
of  soft  iron,  the  copper  wire  being  wound  round 
them,”  are  fitted.  On  a shaft  “ is  keyed  a bronze 
drum  having  wide  flanges  on  which  the  magnets 
are  carried  ; these  magnets  are  placed  end  to  end, 
so  as  to  form  a distinct  circle  or  crown  around  each 
of  the  rings  of  coils.  The  wires  are  united  to  col- 
lectors which  collect  the  currents.” 

*4,304. — C.  E.  Shea,  Foot’s  Cray,  Kent.  Divid- 
ing and  Distributing  the  Current  Pro- 
duced by  Galvanic  Batteries,  &c.  6d.  (4 
figs. ) October  26. 

Divlsion  of  Cceeexts. — Two  discs,  insulated 
from  each  other,  are  mounted  on  a revolving  shaft, 
and  each  connected  to  one  pole  of  a generator  ; pro- 
jecting from  their  faces  they  have  two  studs  or 
contact  pieces  ; the  ends  of  the  various  circuits  are 
collected  together  and  arranged  around  the  cir- 
cumference of  two  similar,  but  fixed,  discs  placed 
so  that  the  projecting  contact  pieces  from  the  re- 
volving discs  bridge  them  across,  and  so  complete 
each  circuit  in  rotation. 

*4,313. — A.  A.  Cochrane,  London.  Obtaining 
and  Applying  Electricity.  2d.  October  26. 

Gener.\tors. — It  is  proposed  to  obtain  electricity 
from  vessels  in  which  -water,  steam,  or  vapours  or 
gases  may  be  heated  or  generated,  care  being  taken 
to  insulate  the  same  from  the  earth.  It  is  proposed 
to  collect  electricity  in  vessels  similar  to  gaso- 
meters, constructed  on  the  principle  of  Leyden 
jars.  To  regulate  the  intensity  of  the  current 
through  metallic  conductors,  tlie  conductivity  of 
the  conductor  is  modified. 

*4,315. — B.  P.  Stockman,  London.  Apparatus 
for  Producing  Light  by  Electricity.  2d. 
October  26 

Arc  Lamp. — The  low'er  carbon  is  placed  in  a 
cylinder  containing  mercury,  in  which  is  a second 
inverted  cylinder,  through  the  top  of  which  a piston 
rod  passes,  and  to  this  the  carbon  is  secured  and 
fed  upwards  by  flotation,  the  upper  carbon  being 
a fixture  ; or  the  carbons  may  be  attached  to  one 
arm  of  a pivotted  lever,  and  the  mercury  float 
attached  to  the  other  arm. 


4,316. — J.  W.  T.  Cadett,  London.  Electrical 
Arrangements.  6d.  (1  fig.)  October  2(i. 

CoNDEN.sERR. — These  are  placed  in  the  main 
circuit  in  series,  and  deliver  electricity  for  any 
purpose  that  may  be  I’equired.  An  electro-magnet 
placed  in  the  circuit  operates  a rheostat,  and  so 
maintains  an  even  resistance  between  all  the 
condensers. 

*4,317. — F.  D.  Tilleard,  London.  Lamps  for 
Lighting  by  Electricity.  2d.  October  26. 

Lanterx. — Railway  carriages,  locomotives,  steam- 
ships, &c.,  are  lighted  by  any  known  foim  of  arc 
lamp,  enclosed  in  a lantern  'made  of  iron  or  other 
opaque  material,  in  the  shape  of  a box  having 
apertures  at  the  base,  from  which  extend  mirrors 
or  reflectors  of  glass  to  reflect  the  light  in  the 
direction  required. 

*4,338. — C.  W.  Harrison,  London.  Obtaining 
Light  by  Electricity.  2d.  October  28. 

Lamp. — This  is  made  by  placing  three  insulated 
tubes  vertically,  and  parallel,  the  two  outer  ones 
being  filled  with  a conducting  fluid,  preferably 
mercury,  which  flows  on  to  a vibrating  piston  near 
tlie  top  of  the  centre  tube,  a series  of  continuous 
sparks  or  flashes  being  produced.  The  whole  is 
covered  with  a glass  bottle,  from  which  the  vapour 
is  collected  and  condensed. 

4.346.  — E.  Berthard,  Cortaillod,  and  F.  Borel, 

Bonday,  Switzerland.  Manufacture  of  Tele- 
graph Cables.  6d.  (2  figs. ) October  29. 

Conductor.^. — These  are  made  by  introducing 
the  conducting  wire  and  insulating  material  into  a 
leaden  pipe  as  it  comes  from  the  press.  Similarly 
a double  conductor  may  be  made  by  taking  a con- 
ducting wire,  then  a layer  of  insulating  material, 
enclosing  these  in  a conducting  tube,  then  another 
layer  of  insulating  material,  and  finally  enveloping 
the  whole  in  the  outer  protecting  tube  of  lead  or 
other  suitable  material. 

4.347.  — J.  S.  Wilson,  Sunderland.  Apparatus 
for  Producing  Electric  Light.  6d.  (2  figs.) 
October  29. 

Arc  Lamp. — On  a base  plate  are  fixed  two  ver- 
tical electro-magnets  and  two  uprights;  rigidly 
attached  to  one  of  these  uprights  is  a projecting 
arm  carrying  at  its  outer  end  a carbon  held  in  a 
suitable  holder,  to  the  other  upright  is  pivotted  a 
similar  arm  carrying  the  other  carbon,  approaching 
the  first  one  at  a vertical  angle,  and  held  in  contact 
therewith  by  a spring.  Attached  to  the  other  and 
shorter  end  of  the  jiivotted  arm  are  a second  pair 
of  electro-magnets  moving  at  right  angles  to  the 
axes  of,  and  in  a parallel  plane  with,  the  fixed 
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magnets  ; tliese  sepai’atc  the  carbons  and  establish 
tlie  arc.  One  carbon-holder  is  pivotted,  and  the 
carbon  points  are  pressed  together  by  a coiled 
spring. 

■*4,348. — J.  S.  Wilson,  Sunderland.  Secondary 
Galvanic  Batteries.  2d.  October  29. 

Secondary  Batteries. — The  cathode  and  anode 
are  made  of  iron,  and  the  electrolyte  is  preferal)ly 
made  of  equal  portions  of  saturated  solutions  of 
nitrate  of  soda  and  sulphate  of  soda.  An  electro- 
magnet with  a vibrating  spring  is  fixed  between 
the  primary  and  secondary  battery,  so  that  the 
current  from  the  secondary  battery  will  be  approxi- 
mately constant  and  alternate,  first  in  the  direction 
of  tlie  i^rimary  battery,  and  then  in  the  contrary 
direction. 

*4,388. — S.  F.  Van  Choate,  New  York.  Pro- 
ducing Electric  Light,  &c.  4d.  October  31. 

Incandescence  Lamp. — The  ribbon  or  spiral  of 
this  is  formed  of  asbestos,  mica,  platinum,  or 
carbon,  or  any  combination  of  these. 

Current  Regulator. — This  consists  in  fitting 
near  each  lamp  an  automatic  shunt,  and  suitably 
proportioned  resistances  in  connection  therewith. 

*4,403. — T.  A.  Bell,  Livei-pool.  Apparatus  for 
Dividing  and  Distributing  Currents  of 
Electricity.  2d.  October  31. 

Current  Distributor. — A wheel  mounted  on 
an  axis  in  electrical  connection  with  one  pole  of  a 
generator  has  a contact  maker  mounted  on  its 
periphery  ; round  a frame  partly  suiTOimding  the 
wheel  is  arranged  one  end  of  each  circuit,  the 
other  ends  going  to  the  remaining  pole  of  the 
generator  ; the  revolving  wheel  thus  completes  each 
circuit  in  rotation  ; or  the  ends  of  the  wires  may 
be  arranged  so  that  spring  pistons  slightly  pro- 
jecting through  the  frame  may  make  contact  with 
them  when  pressed  upwards  by  a stud  on  the 
revolving  wheel  ; or  studs  may  project  from  a fiat 
disc  and  make  contact  with  the  ends  of  the  wires 
arranged  round  a similar  flat  disc  placed  in  tlie 
same  plane  with  them. 

*4,407. — A.  M.  Clark,  London.  (C.  Davis, 
Paris.)  Applying  Electricity  as  a Source 
of  Heat.  2d.  October  31. 

Heating. — A generator  is  used  in  connection 
with  wires  of  platinum  or  other  metals  for  heating 
purposes  ; or  the  sparks  from  a Ruhmkorfi'  coil 
may  be  utilized  for  the  same  purpose. 

4,438. — E.  T.  Truman,  London.  Preparing 
Gutta-Percha  for  Insulating  Telegraphic 
Conductors,  &c.  4d.  November  2. 


Conductors. — The  gutta-percha,  after  cleansing, 
and  while  in  the  state  of  a spongy  porous  mass,  is 
submitted  to  a twisting  or  “spinning”  action  to 
expel  the  water  and  air.  In  insulating  a joint 
made  in  a conductor  the  copper  wires  are  suitably 
connected,  and  have  placed  over  them  a perforated 
metallic  mould  slightly  overlapping  each  of  the 
insulated  ends,  which  is  again  enclosed  in  a larger 
metallic  cylinder,  and  has  ends  projecting  through 
into  this  cylinder.  Gutta-percha  in  a heated,  semi- 
fluid state  is  forced  into  the  mould  under  pressure, 
and  when  the  gutta-percha  begins  to  exude  through 
either  end,  that  end,  and  in  turn  the  other,  is 
drawn  within  the  cylinder,  thus  securing  a good 
union  between  the  old  and  new  coverings. 

4,456. — F.  H.  W.  Higgins,  London.  Apparatus 
for  Producing,  Maintaining  and  Subdivid- 
ing Electric  Light.  Cd.  (2  figs.)  No- 
vember 4. 

Arc  Lamp. — In  this  lamp  the  lower  carbon,  as  it 
is  consumed,  is  fed  up  by  a column  of  mercury 
against  a block  of  carbon  held  in  an  arm  pivotted 
from  the  stand  of  the  lamp,  which  permits  of  its 
being  swung  on  one  side  to  insert  the  fresh  lower 
carbon.  In  a modification  the  upper  carbon  may 
be  lowered  by  a wheel  and  ratchet  or  other  suitable 
mechanical  arrangement. 

*4,462. — H.  L.  Thomson,  London.  Production 
of  Electric  Light.  2d.  November  5. 

Current  Divider. — One  pole  of  the  generator  is 
connected  to  a revolving  insulated  metallic  disc, 
whose  periphei'y  is  built  up  of  alternate  segments 
of  conducting  and  insulating  material.  Copper 
brushes,  placed  so  that  only  one  will  be  in  metallic 
contact  at  a time,  are  arranged  in  the  plane  of  the 
disc,  and  press  on  its  circumference  at  different 
parts  ; these  lead  to  the  lamps,  the  return  conduc- 
tors going  to  the  other  pole  of  the  generator. 

*4_464.— F.  B.  Buddeley,  London.  Applying 
Railway  Brakes.  2d.  November  5. 

Generator.^. — A generator  of  any  known  type  is 
used  in  connection  with  elcctro-magncts  to  apply 
the  brakes. 

4,466. — C.  Stewart,  London.  Distributing 
Electricity  for  the  Production  of  Electric 
Light.  G<1.  (2  figs.)  November  5. 

Current  Divider. — This  consists  of  a rotating 
arm,  in  connection  witli  one  pole  of  a generator, 
terminating  in  a spring  contact  passing  over  a 
number  of  insulated  metallic  eontaet  pieces,  dis- 
posed at  c([ual  intervals  round  the  face  of  a disc, 
and  each  in  connection  with  one  of  the  branch 
wires,  'flic  returns  go  to  the  otlier  pole  of  the 
generator. 
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*4,473.— F.  Gye,  London.  Apparatus  for 
Obtaining  Electric  Light.  2d.  Novembers. 

Alto  Lamp.— One  electrode  is  a disc  of  carbon, 
M-hich  may  revolve  slowly,  mounted  on  and  elamped 
to  a plate  by  a eoned  ring.  The  other  electrode  is 
held  stationary  at  a short  distance  from  the  face  of 
the  disc,  which,  when  the  arc  forms,  wears  au-ay  in 
a long  spiral  lino. 

*4,476. — G.  R.  Bodmer,  London.  Electric 
Lighting.  Cd.  (.3  figs.)  Novembers. 

Current  Divider. — This  consists  of  two  rotating 
discs  mounted  one  on  either  end  of  a shaft,  and 
insulated  from  each  other,  each  disc  being  in  con- 
nection with  one  pole  of  a generator.  The  discs 
rotate  in  two  rings,  the  one  having  the  leads  and 
the  other  the  returns  of  the  branch  circuits  arranged 
around  their  circumferences.  A contact-maker  on 
each  disc  completes  the  circuits  in  succession  ; or 
there  may  be  as  many  discs  as  there  are  circuits, 
a similar  number  of  contact-makers  being  pro- 
vided. 

Arc  Lamp. — A vertical  revolving  cylinder  driven 
by  a coiled  spring  has  mounted  on  its  circumference 
a number  of  clips  suited  to  hold  “ Jablochkoff  ” 
candles,  each  half  of  the  clip  being  insulated  from 
the  other.  These  clips  pass  over  two  contact-makers, 
which  complete  the  circuit  through  the  “candles.” 
A pin  passed  through  one  of  the  electrodes  holds  the 
lamp  in  contact  till  the  “ candle”  has  burnt  down 
to  it,  when  the  coiled  spring  moves  the  next 
“ candle”  up  to  the  contact  pieces. 

4,502. — E.  G.  Brewer,  London.  (T.A.  Edison, 
N.J.,  U.S.A.)  Lighting  by  Electricity.  Cd. 
(3  figs.)  November  7. 

Incandescence  Lamp. — The  “ candle”  or  light- 
giving device  is  a tapering  hollow  cylinder  split 
vertically  to  near  its  top,  the  current  passing  up 
one  side  and  down  the  other.  One  of  the  thermal 
current  regulators  described  in  Patent  No.  4,226  of 
1878  is  used  to  cut  out  the  lamp  should  its  heat 
become  excessive.  It  is  preferred  to  make  tlie 
“candles”  with  a finely  powdered  metal  such  as 
platinum,  iridium,  or  ruthenium,  incorporated  with 
oxide  of  magnesia  or  zirconium,  lime,  silicon,  or 
boron,  the  whole  being  moulded  by  pressure.  The 
material  may  then  be  saturated  with  a salt  of  a 
metal  difficult  of  fusion. 

*4,518. — W.  North,  Huddersfield.  Electro- 
Motors.  2d.  November  7. 

Electro  - Magnetic  Motor.  — The  t-wo  south 
poles  and  the  two  north  poles  of  the  electro-magnets 
are  placed  adjacent,  so  as  to  have  only  one  nodal 
pomt  in  the  armature. 
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4,553.  — M.  Gray,  London.  Manufacturing 
Carbons  for  Electrical  Purposes.  4d. 
November  9. 

Carbons. — These  are  made  by  powalering  carbon 
prepared  in  any  approved  form,  w'ashing  it  in  acid 
or  alkaline  solutions,  and  then  mixing  it  with 
molasses  or  other  adhesive  substance  which  liquefies 
with  heat.  It  is  afterwards  moulded  to  suitable 
shapes  by  forcing  it  through  a moulding  press,  the 
carbons  as  they  are  delivered  from  the  press  lieing 
submitted  to  a high  temperature  to  carbonise  the 
saccharine  matter.  They  are  finally  immersed  in 
boiling  sugar  or  molasses  to  fill  up  the  pores,  and 
reheated  to  again  carbonise  the  saccharine  matter. 

4,559. — C.  Davis,  London.  [Mechanism,  &c., 
for  Producing  Light  and  Heat  by  Elec- 
tricity. 2d.  November  11. 

Dynamo-Electric  Gener.ators. — This  relates 
to  driving  generators  from  the  wheels  or  axles  of 
vehicles  by  toothed  wheels  or  belts,  the  currents 
generated  being  used  to  light  or  w'arm  the  vehicles. 

*4,568. — J.  Mackenzie,  London.  Electric 
Light  Apparatus.  2d.  November  11. 

Lamp  for  Candles. — To  enable  long  electrodes 
to  be  used  they  are  placed  in  tubes,  side  by  side  or 
otherwise,  into  which  mercui-y  is  admitted  from  an 
elevation  at  a sufficient  rate  to  float  the  electrodes 
up  as  they  are  consumed. 

4,573. — G.  Zanni,  London.  Apparatus  for 
the  Electro-Deposition  of  Metals  and  the 
Production  of  Light  by  Electricity.  Cd. 
(3  figs.)  November  11. 

Dynamo-Electric  Gener.ator.  — Electro-mag- 
nets arranged  in  a circle  are  attached  to  tlie 
interior  circumference  of  a case,  and  their  core- 
pieces of  soft  iron  are  made  hollow  to  permit 
of  water  flowing  through  them.  The  soft  iron 
ring  of  the  armature  is  made  in  segments,  each 
segment  having  a quantity  of  insulated  copper 
wdre  coiled  upon  it.  The  segments  are  united  by 
tongues  and  grooves. 

Arc  Lamp. — Two  carbon  rods  have  a small 
toothed  wheel  fitted  on  one  of  each  of  their  ends, 
the  wheels  engaging  with  each  other,  and  one 
being  conical  to  admit  of  the  point  of  one  car- 
bon approaching  the  other  carbon  as  they  are 
consumed  ; the  rods  are  caused  to  rotate  by  a 
spring,  and  the  distance  of  their  points  apart  is 
maintained  by  an  electro-magnet. 

*4,575. — H.  W.  Tyler,  Kt.,  Colchester.  Electric 
Lighting.  2d.  November  12. 

Incandescence  Lamp. — In  this  lamp  the  incan- 
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descent  substance  is  enclosed  in  a refractory 
casing,  such  as  German  glass,  rock  crystal,  glaze, 
fireclay,  or  steatite,  which  may  be  sulficiently 
transparent  for  the  light  to  pass  through,  or  to 
become  incandescent. 

4,595. — C.  F.  Heinrichs,  London.  Apparatus 
for  Generating  Electric  Currents,  &c.  lOd. 
(■21  figs.)  November  1.3. 

Dynamo-Electric  Generator.s. — The  armature 
of  the  alternating  generator  shown  in  Fig.  1 is 
constructed  of  eight  sections  trC-  m-,  vC  m",  &c., 
four  sections  being  wound  in  one  direction,  and 
the  others  in  the  reverse  dii'ection,  one  end  of  the 
wire  from  each  section  being  attached  to  the  com- 
mutator plate  c',  and  the  other  ends  to  the  jilate 
The  plates  are  magnetically  separated  by  a 
brass  ring  keyed  on  the  shaft  s.  Surrounding  the 
armature,  secured  to  the  iron  rings  r"  and 
attached  to  the  frame  f,  are  four  inducing  magnets 
m n,  m n,  &c.,  all  wound  with  insulated  wire  in 
one  direction,  and  coupled  together  in  pairs,  each 
of  the  two  wires  from  each  set  being  connected  with 
the  brushes  and  b-  (not  shown),  and  the  others 
with  the  terminals  0 thus  giving  the  inducing 
magnets  the  same  polarity  at  one  end  of  the  arma- 


ture, and  the  reverse  polarity  at  the  other  end. 
In  a generator  for  continuous  currents  the  arma- 
ture is  constructed  of  eight  sections,  each  con- 
stituting a magnet,  and  all  are  wound  in  one 
direction,  but  are  magnetically  connected  by  an 
iron  ring  mounted  on  the  shaft.  The  commutator 
consists  of  eight  insulated  copper  plates,  to  each 
of  which  is  attached  one  end  wire  of  each  of  two 
adjacent  sections,  so  that  all  tlie  sections  are, 
through  the  commutator  plates,  in  connection  with 
each  other.  Five  inducing  magnets  are  secured  to 
the  frame  as  in  the  generator  first  described,  and 
surround  the  upper  half  of  the  armature,  currents 
being  thus  generated  in  all  the  sections  of  one-half 
of  the  armature  in  one  direction,  and  in  the  other 


half  in  the  reverese  direction.  Each  brush  is 
mounted  in  a b.older  sliding  on  a flat-sided  shaft, 
on  which  it  can  be  clamped  by  a set  screw  ; a 
wormwheel  on  one  end  of  the  shaft  is  actuated  by 
a worm  on  the  end  of  a set  screw,  and  a spring 
acting  in  opposition  to  this  set  screw  tends  to  press 
the  brush  on  the  commutator. 

Arc  L.amp. — To  the  frames  ff,  shown  in  Fig.  2, 
are  attached  two  depending  brackets  carrying  at 
their  lower  ends  pivots,  upon  which  revolve  two 
pulleys  projecting  from,  but  attached  to  which  are 
carbon  - holders  carrying  the  C shaped  carbons. 
Tlie  pullej'S  are  actuated  by  crossed  chains  passing 


over  a diflferentially  speeded  drum  keyed  on  the 
spindle  d’  ; on  this  is  also  keyed  the  wheel  8 geared 
by  wheel  7 to  the  spindle  P,  upon  which  are  fixed 
the  escapement  wheel  I'  and  ratchet-wheel  /.  The 
magnet  j;d  with  armature  ft’  and  lever  with  the 
pallets  r and  x regulate  the  feed  of  the  carbons 
through  the  escapement  wheel  /,' ; and  the  magnet 
m-  with  armature  ft’  and  lever  v with  pawl  w acts 
as  a separator  upon  the  I’atchct-wheel  I.  The  stud 
1 serves  to  lift  the  pawl  out  of  the  teeth  of  the 
ratchet-wheel.  Tlie  armature  ft’  is  only  attracted 
by  a very  powerful  current  when  it  acts  on  the 
armature  by  the  spring  o.  In  a modification 
the  two  circular  carbons  have  a rotating  flat  carbon 
disc  interposed  at  right  angles  between  their  points  ; 
or  two  pairs  of  carbons,  the  upper  or  positive  pair 
being  at  right  angles  to  the  lower  negative  pair, 
may  be  used  ; or  two  parallel  circular  carbons 
having  their  points  impinging  on  a horizontal  cy- 
linder of  carbon  cause  the  cylinder  to  revolve  by 
their  falling  motion  as  they  are  consumed. 

4,601. — B.  Hunt,  London.  (.1/.  If.Alberijrrmii! 
<S'.  ir.  Pcilit,  PhUadcIphia,  U.S.A.)  Tele- 
graph Cables,  &.c.  (id.  (11  figs.)  No- 
vember 13. 

CoNurcTORS. — After  coating  the  conductor  with 
glass,  it  is  introduced  into  an  iron  pipe,  and  the 
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whole  is  then  heated  and  rolled  or  drawn  to  the 
size  rctiuired.  In  making  a joint  the  two  ends  are 
rounded  of!  so  that  the  conduetor  projects  slightly 
beyond  the  insulating  matter,  and  this  again  pro- 
jects beyond  the  outer  tube  ; the  two  ends  arc  then 
brought  forcibly  together  by  an  ordinary  screw 
coupling.  A number  of  conductors  may  be  simi- 
larly insulated  and  placed  in  an  outer  protecting 
envelope. 

*4,611. — E.  Edwards  and  A.  Normandy,  London. 
Producing  Light,  Heat,  and  Motive  Power 
by  Electricity.  4d.  ^^ovember  13. 

Electric  Light. — The  main  circuit  is  laid  in  the 
ordinary  way,  and  at  every  point  where  a lamp  is 
recpiired  a coil  is  put  in  to  induce  secondary  cur- 
rents, by  which  the  lamps  are  worked.  The  light 
may  be  produced  by  decomposing  water  and  direct- 
ing the  ignited  jet  of  gas  against  a block  of  lime, 
or  points  of  carbon  may  be  placed  in  glass  globes 
from  which  the  air  has  been  exhausted. 

4,626. — St.  G.  L.  Fox,  London.  Electric 
Lighting.  Sd.  (6  figs.)  November  14. 

Current  Regulator. — The  object  of  this  is  to 
maintain  a constant  E.M.F.  in  the  branch  leads, 
and  it  consists  of  an  electro-magnet  placed  in 
circuit  between  the  branch  and  earth  which  at- 
tracts a pivotted  counterpoise.  This  has  at  its 
end  a vessel  containing  mercury,  electrically  con- 
nected to  the  main  conductor,  into  which  dip 
the  ends  of  a fixed  resistance  forming  a connec- 
tion through  the  mercury  betu'cen  the  main  and 
the  lamps.  On  the  E.M.F.  increasing,  the  arma- 
ture, and  by  it  the  vessel  of  mercury,  is  drawn 
down,  thus  leaving  fewer  ends  of  the  wire  for  the 
passage  of  the  current,  and  so  increasing  the  resist- 
ance. In  a second  arrangement  the  counterpoise 
armature  actuates  a needle  connected  to  a local 
battery.  The  needle  moves  on  a graduated  scale, 
and  thus  indicates  the  E.M.F.  A sliding  piece  on 
the  scale,  fitted  with  contact  pegs,  may  be  set 
where  required  ; the  needle  making  contact  with 
either  of  these  causes  the  current  of  the  local 
battery  to  operate  one  of  two  electro-magnets,  thus 
actuating  a switch  or  the  steam  valve  of  the 
engine. 

Current  Meter. — Air  under  pressure  which 
may  be  maintained  by  an  electric  pump  or  a head 
of  water  is  passed  through  an  ordinary  gas  meter, 
its  passage  being  regulated  by  a valve  controlled 
by  an  electro-magnet  placed  in  the  circuit.  The 
quantity  of  air  passing  bears  a constant  ratio  to  tlie 
quantity  of  electricity  passing  by  the  magnet. 
Water  may  be  used  in  place  of  the  air,  or  the 
registering  train  of  the  meter  may  be  driven  by 
mechanical  means,  in  which  case  the  electro-magnet 


by  attracting  its  counterpoise  armature  causes  a 
friction  disc,  normally  resting  in  the  centre  of  a 
second  revolving  disc,  driven  by  clockwork,  to 
approach  its  circumference,  imparting  motion  to  it 
which  it  transmits  to  the  registering  train  by 
means  of  a long  gearing  pulley. 

*4,635.  — E.  J.  C.  Welch,  Manchester.  Electric 
Lighting.  2d.  November  15. 

Current  Divider. — A modification  of  Patent  No. 
4,278  of  1878.  The  inventor  employs  a double  set  of 
revolving  contact  pieces  insulated  from  each  other  and 
each  connected  to  one  of  the  poles  of  a generator  ; 
the  wires  of  each  circuit  are  connected  to  two  fixed 
contact  pieces  with  which  the  revolving  pieces  make 
contact. 

4.645. — J.  S.  Sellon,  W.  Ladd,  and  H.  Ed- 
munds, London.  Obtaining  Electric  Light. 
Gd.  {1  fig.)  November  15. 

Electrodes. — For  arc  lamps  a “ point”  of  pure 
iridium  is  fixed  in  a metallic  setting,  preferably 
platinum,  and  this  is  attached  to  a plug  of  copper 
of  suitable  form.  For  incandescence  lamps  various 
alloys  of  iridium  and  platinum  are  used  for  the 
filaments. 

4.646. — J.  S.  Sellon,  W.  Ladd,  and  H.  Ed- 
munds, London.  Electric  Lamps.  6d. 
(6  figs.)  November  15. 

Arc  Lamp. — In  the  lamp  first  described  the  car- 
bons are  placed  in  tubes  set  as  a \J , and  are  fed 
downwards  by  means  of  sjirings.  One  tube  is 
pivotted  near  its  lower  extremity  and  is  separated 
from  the  other  by  an  electro-magnet,  which  is 
employed  to  establish  the  arc.  Projecting  from 
near  the  bottom  of  each  tube  is  a bracket  carrying 
iridium  tipped  supports,  against  which  the  conical 
ends  of  the  carbons  press.  In  a vertical  lamp  the 
carbons  are  placed  in  parallel  tubes  and  fed  upwards 
by  springs  against  the  iridium  tipped  supports.  A 
metallic  contact  block  rests  between  the  points  of 
the  carbons  and  is  held  there  by  a spring,  from 
which  it  is  di'awn  by  an  electro-magnet  when 
the  current  passes  ; or  the  tops  of  the  carbons  are 
bridged  across  by  a metallic  block. 

4,650. — T.  Clarke  and  E.  Smith,  Torcpiay. 
Manufacture  of  Sulphuric  Acid,  &c.  8d. 
(2  figs.)  November  16. 

Arc  Lamp.s. — The  nitrogen  .and  hydrogen  gases 
for  the  formation  of  ammonia  are  passed  through 
a W'hite  heat  produced  by  the  electi-ic  arc. 

4,662. — J.  T.  Sprague,  Birmingham.  Pro- 
ducing Electric  Light,  &c.  Cd.  (1  fig.) 
November  16. 
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Incandescence  Lamp. — The  filament  is  formed 
of  a compound  material  such  as  calcium,  hariiim, 
magnesium,  &c.,  intermingled  with  finely  di\  ided 
carbon  or  platinum.  Several  filaments  may  be 
arranged  in  one  tube,  and  to  switch  these  in  ac- 
cording to  the  strength  of  the  current,  a tube  con- 
taining mercury  is  enclosed  in  a coil  of  wire  con- 
veying the  current,  which  draws  down  a core- 
piece and  presses  the  mercury  into  a vessel,  thereby 
making  electrical  contact  with  the  ends  of  wires 
which  are  arranged  in  the  vessel. 

Reflectors. — To  more  evenly  distribute  the 
light  a reflector  of  circular  trough  form  and  of  opal 
glass  or  other  translucent  material,  with  a smooth 
upper  surface,  is  suspended  below  the  light,  which 
is  thus  sent  into  an  upper  reflector  of  suitable  shape, 
whence  it  is  diffused  over  the  desired  area. 

4,671. — W.  L.  Scott,  Wolverhampton.  Produc- 
tion, Regulation,  and  Distribution  of  Elec- 
tric and  Electro-Calcic  Lights.  Cd.  (16  figs.) 
November  18. 

Condensers. — These  are  employed  in  connec- 
tion with  the  lights  and  have  a surface  ecpial  to  at 
least  one  and  a quarter  times  the  surface  of 
the  conducting  wires,  and  are  formed  of  plates, 
bands,  or  ribbons  of  metal  insulated  from  each 
other,  having  between  them  a layer  of  iron  in  the 
form  of  plate,  wire,  or  powder.  Alternate  plates 
are  coupled  and  the  two  groups  are  connected  to  one 
of  the  electrodes.  The  conducting  wires  may  be 
replaced  by  ribbons  of  metal,  several  being  super- 
imposed, but  insulated  from  each  other,  thus  form- 
ing an  elongated  condenser. 

Second.ary  B.\ttery. — A secondary  battery  may 
be  used  in  connection  with  these  condensers  to 
take  up  any  surplus  of  current. 

Incandescence  Lamp. — The  light  emitting  por- 
tion is  made  of  lime,  magnesia,  alumina,  zirconia, 
or  other  metallic  oxide,  mixed  or  coated  with 
platinum,  iridium,  silver,  copper,  tungsten  iron, 
carbon,  or  graphite,  and  is  held  or  supported  by 
wires  of  platinum,  iridium,  or  palladium.  This  con- 
stitutes the  “electro-calcic  burner,”  which  may  be 
steeped  in  or  have  incorporated  with  it  a phos- 
phorescent substance  to  modify  or  colour  the  light. 
To  largely  reduce  the  resistance  of  the  electro- 
calcic  burners,  “ a large  metallic  reflector  with  or 
without  the  use  of  a stream  of  cold  water”  is  em- 
ployed. Tlie  globes  containing  the  burners  may  con- 
tain suitable  vapours.  The  lower  electrode  where 
two  are  used  may  be  fed  up  by  a mercury  float.  A 
jet  of  mercury  is  used  as  one  electrode.  Continuous, 
alternating,  or  intermittent  currents  are  employed. 

4,686. — E.  N.  Parod,  Paris.  Transmitting 
Electricity  to  Great  Distances.  8d.  (0  figs.) 

November  10. 


Conductor. — This  consists  of  a large  cylindrical 
condenser  of  glass  or  other  material,  formed  of 
tubes  coupled  together  with  suitable  collars  and 
carried  on  insulating  supports  in  earthenware 
pipes  divided  longitudinally,  the  upper  and  lower 
halves  being  cemented  together  ; the  inner  side  of 
the  glass  pipes  is  lined  with  metal,  or  water 
may  be  used,  as  the  conducting  medium.  The 
outer  side  is  covered  with  rolled  tin  or  other 
metal.  The  condenser  is  charged  by  two  rods  in- 
sulated from  each  other  connected  respectively  to 
the  inner  and  outer  metallic  casings  ; similar  in- 
sulated rods  are  placed  where  it  is  desired  to  take 
branches  from  the  condenser.  Quicklime  is  put 
in  the  bottom  of  the  earthenware  tube  to  absorb 
any  moisture.  When  a supply  of  “quantity”  elec- 
ti'icity  is  required,  it  is  taken  from  the  condenser  by 
cylinders  of  metal,  and  when  a high  tension  current 
is  required  elongated  cones  are  used,  connected  at 
their  apices  with  the  apparatus  to  be  supplied. 

*4,689. — E.  J.  C.  Welch,  Manchester.  Appara- 
tus for  Producing  the  Electric  Light.  2d. 
November  19. 

Incandescence  Lamps. — A thin  “ pencil  ” of 
carbon,  or  other  material,  is  held  at  its  upper  end 
in  a fixed  socket,  and  has  a movable  contact  sleeve 
embracing  and  sliding  on  its  lower  part ; on  an 
increase  of  current  this  sleeve  is  drawn  down  by 
the  armature  of  an  electro-magnet  placed  in  the 
circuit,  thus  increasing  the  resistance  of  the  fila- 
ment. A coil,  acting  by  expansion,  may  be  used 
to  move  the  sleeve  in  place  of  the  electro-magnet ; 
or  a movable  contact  spring  may  be  employed. 

*4,690. — J.  H.  Johnson,  London.  (A.  de 
MMtenx,  Paris).  Electric  Regulators, 
Lamps,  or  Candles.  2d.  November  19. 

Arc  Lamp. — The  carbons  are  burned  within  a 
tall  glass  dome,  and  are  so  placed  that  the  arc  shall 
be  two-thirds  of  the  way  up  the  dome.  An  annular 
space  formed  between  the  base  and  the  dome  serves 
to  admit  the  external  atmosphere. 

*4,693.— A.  Reimenschneider  and  F.  S. 
Christensen,  Nestred,  Denmark.  Apparatus 
for  Dividing  Electric  Light.  -Id.  (1  fig.) 
November  19. 

Arc  Lamp. — An  exhausted  glass  cylinder  is 
mounted  on  a suitable  metallic  base,  on  which  is 
fixed  the  lower  carbon,  and  carries  on  its  upper 
end  a metal  cylinder,  in  which  works  an  air-tight 
piston,  whose  rod  working  through  an  air-tight 
gland  carries  the  upper  carbon.  On  the  passage  of 
the  current  the  air  in  the  glass  eylindcr  is  raretied, 
and  the  compressed  air  under  the  piston  raises  it, 
aiul  so  draws  the  carbons  apart.  The  current 
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divides  between  the  lamp  and  an  equal  resistance, 
either  of  wliich  may  be  cut  out  by  a switch. 

4,696.— C.  E.  Crighton,  Newcastle-upon-Tyne. 
Electric  Telegraph  Insulators.  Cd.  (2  tigs.) 
November  19. 

I.v.siTL.\Toiis. — In  the  upper  part  of  an  ordinary 
porcelain  insulator  is  a vertical  slot,  extended  at 
its  lower  part  to  form  a horizontal  aperture  of  a 
duplo-conoidal  shape,  liaving  a ridge  at  its  centre. 
In  the  aperture,  and  resting  on  the  ridge,  is  placed 
the  conductor,  over  which,  and  in  the  slot,  is  inserted 
a wedge,  slightly  arched  on  its  under  side.  The 
wedge  is  pressed  on  the  conductor  by  screwing  a 
cap  on  the  top  of  the  insulator. 

4,699. — A.  Melbads,  Ramsgate.  Driving  Sewing 
and  other  Machines  by  Electro-Magnetism. 
6d.  (G  figs.)  November  19. 

Electro  - Magnetic  Motor. — Fixed  on  a re- 
volving spindle  are  a number  of  radial  armatures, 
insulated  from  each  other  ; a number  of  electro- 
magnets are  so  placed  as  to  attract  these.  A com- 
mutator, with  twice  as  many  metallic  parts  as 
there  are  armatures  and  the  same  number  of 
contact  rollers,  passes  the  current  to  each  magnet 
in  turn. 

4,705. — F.  J.  Cheesbrough,  Liverpool.  (IF. 
E.  Scanjer,  Xno  York,  and  A.  Man,  Brooklyn, 
K.Y.,  U.S.A.)  Distributing,  Regulating, 

and  Applying  Electric  Currents  for  Light- 
ing, &,c.  Is.  (8  figs.)  November  19. 

Electric  Light. — -This  invention  relates  to  a 
distributing  system,  a means  of  automatically 
supplying  the  current  to  meet  the  demand,  a lamp 
and  light  regulating  apparatus,  and  a current 
meter. 

Distrircting  Sv.sTEii. — In  this  a revolving  ec- 
centric switch  makes  and  breaks  contact  with  the 
several  lamp  circuits,  condensers  being  placed  near 
the  lamps  to  maintain  a constant  current  during  the 
intervals. 

Current  Regulator. — A tilting  cog-bar  slides 
in  a jiivotted  sleeve,  and  has  its  one  end  projecting 
over  and  within  the  influence  of  an  electro-magnet, 
the  other  end  being  attached  by  links  to  the  cut-off 
valve  of  the  engine.  On  either  side  of  the  pivotted 
sleeve  is  one  of  two  small  toothed  rollers  which 
engage  with  the  cog-bar  and  revolve  in  opposite 
directions.  A spring  mounted  in  opposition  to  the 
magnet  tends  to  keep  the  cog-bar  in  gear  with  one 
roller,  and  thus  admit  more  steam,  but  when,  by 
the  increase  of  current,  the  magnet  preponderates, 
the  cog-bar  is  drawn  into  gear  witli  the  oppositely 
revolving  roller,  and  steam  is  proportionately  cut 


off.  When  a normal  current  flows  the  cog-bar 
vibrates  over  the  two  I’ollers. 

Lkhit  Regulating  Arparatu.s. — A suitable  me- 
tallic holder  has  a groove  in  which  is  a sliding  piece 
prolonged  in  the  form  of  a flat  spring  having  at  its 
end  a cross-piece  which,  as  the  slide  is  moved  by  a 
rack  and  pinion,  makes  contact  successively  with 
sixteen  (or  more)  pins  arranged  eight  on  either  side. 
The  outward  travel  of  the  slide  is  limited  by  a stop 
and  its  inward  travel  by  contact  v ith  an  armature 
lever,  of  an  electro-magnet,  bent  at  right  angles 
and  pivotted,  the  longer  arm  moving  between  two 
contact  studs.  The  current  normally  flows  by  one 
of  the  studs,  through  the  coils  of  the  magnets  to 
the  slide  holder,  and  by  the  slide,  spring,  and  cross- 
piece to  one  of  the  eight  pins  and  thence  to  the 
lamp  ; should  the  circuit  be  interrupted  the  arma- 
ture, actuated  by  an  opposing  spring,  leaves  the 
magnet,  makes  contact  with  the  other  stud,  and 
the  current  flows  by  a suitable  resistance.  The 
slide  is  then  run  in  and,  striking  the  armature, 
forces  it  into  the  first  position,  and  the  current 
flows  as  before.  By  connecting  the  pins  on  one 
side  to  suitably  arranged  resistances  in  a shunt 
circuit,  the  light  of  the  lamps  may  be  regulated  at 
the  same  time,  maintaining  the  resistance  in  the 
circuit  constant.  The  first  pin  on  one  side,  and 
the  last  on  the  opposite  side,  are  not  electrically 
connected. 

Current  Meter. — The  object  of  this  meter  is  to 
indicate  the  total  number  of  lamp-liours  during 
which  the  current  is  supplied,  and  to  accomplish 
this  tlie  metallic  cylinder  D,  mounted  on  the  shaft 


D'  has  set  spirally,  upon  it  as  many  contact  pins  E 
as  there  are  lamps ; the  cylinder  is  rotated  by  clock- 
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work,  of  wliicli  the  balance  wheel  A,  driven  in 
one  direction  by  the  spring  B,  is  the  governor.  The 
armatures  F,  of  electro-magnets  G,  work  on  the 
shaft  J,  and  are  opposed  by  springs  I,  forcing  them 
on  the  stops  II.  Under  the  levers  F is  a metal  strip 
K,  fixed  to  shaft  L,  and  forced  upward  by  spring 
acting  against  the  arm  L'.  To  the  arm  K is  secured 
a light  spring  N and  bent  piece  0 engaging  with  C. 
Current  enters  at  the  — point,  traverses  the  lamps  1, 
2,  3,  and  a portion  is  diverted  by  the  resistances  R-, 
and  energises  the  magnets  G,  which,  attracting  the 
armatures  F,  depress  the  plate  K,  and  so  release 
the  balance-wheel  A.  The  cylinder  D then  rotates, 
its  pins  making  contact  with  the  shaft  .J,  through 
levers  F,  and  thus  energising  the  magnet  S,  which 
by  its  armature  T drives  the  indicating  train 
W X.  Each  lamp  causes  the  ratchet  wheel  U to 
be  moved  one  tooth  in  each  revolution  of  the 
cylinder. 

4,707. — W.  J.  and  R.  T.  Meredith,  Bridgenorth. 
Apparatus  for  Securing  the  Doors  of  Rail- 
way Carriages  and  Tram  Cars.  6d.  (11 
figs.)  November  20. 

Gexekatoe. — Any  ordinary  generator  is  em- 
ployed to  supply  the  current  in  connection  with 
various  locking  devices  actuated  by  electro- 
magnets. 

4,762. — J.  T.  Sprague,  Birmingham.  Apparatus 
for  Generating  and  Measuring  Electric 
Currents.  8d.  (14  figs.)  November  22. 

Dynamo-Electric  Generator. — The  core  of  the 
electro-magnet  is  a conductor  of  electricity,  and  is 
preferably  made  of  a sheet  of  iron  of  the  necessary 
width,  compactly  wound  witli  an  insulating  mate- 
rial between  the  turns  ; or  strips  of  insulating  ma- 
terial may  be  inserted  at  intervals  to  form  air  spaces  ; 
or  two  such  sheets  may  be  arranged  to  form  the 
length  of  the  core,  having  their  ends  connected  by  a 
central  rod  of  iron,  or  iron  discs  otherwise  insulated 
from  the  several  coils,  so  as  to  form  of  the  whole 
one  continuous  conductor  in  which  the  current  shall 
flow  in  the  same  direction  throughout ; or  the  core 
is  constructed  of  insulated  iron  wire  wound  in  a 
coil.  The  iron  core  may  constitute  the  magnet,  or 
it  may  be  wound  with  copper  wire  in  the  same 
direction.  The  ends  of  the  cores  may  be  open  or 
terminated  with  iron  pole-pieces  of  various  shapes. 
The  inducing  system  may  consist  of  permanent 
magnets  constructed  of  bars  of  thin  steel,  having 
tongues  at  their  ends,  connected  together  by 
pole-pieces  of  soft  iron  having  corresponding 
grooves,  or  the  pole-pieces  may  be  used  in  con- 
nection with  segments  wound  with  insulated  wire. 
The  magnets  are  so  arranged  that  the  pole-pieces 
act  as  “consequent”  poles.  An  inducing  system 
composed  of  radial  magnets  having  their  inner  ends 


united  by  an  iron  boss  forms  a series  of  horseshoe 
magnets,  to  the  outer  end  of  which  are  connected 
pole-pieces,  to  which  are  also  connected  the  polar 
ends  of  magnets  forming,  if  straight,  a many-sided 
polygon,  or  a circle  if  curved.  These  are  so 
arranged  that  the  several  pole-pieces,  while  acting 
as  “ consequent”  poles  within  the  system,  collect 
and  direct  the  whole  of  the  magnetic  actions 
externally  as  alternate  N.  and  S.  poles.  The 
induced  system  has  one  of  these  wheels  placed 
on  each  side  of  it  with  their  poles  opposed,  in 
which  case  the  pole-pieces  may  be  connected  by 
electro-magnets,  so  enclosing  the  induced  system. 
The  induced  system  may  be  in  the  form  of  a ring 
and  revolve  within  the  pole-pieces  of  the  in- 
ducing system.  In  a continuous  current  machine 
a complete  magnetic  circle  is  constructed  of  two  or 
more  segments  united  together  by  means  of  pole- 
pieces.  Upon  the  ring  so  formed  coils  of  wire  are 
placed.  Wlien  the  core  is  composed  of  sheets  of 
iron  their  interlapped  ends  form  the  pole-pieces, 
and  permit  of  the  circulation  of  air.  When  tlie 
core  is  of  disc  form,  so  that  the  wires  cannot 
entirely  cover  it,  the  spaces  are  filled  with  pieces 
of  iron.  The  winding  is  done  in  sections,  and  the 
connections  are  as  in  the  Gramme  generator. 

Commutator. — The  wearing  surfaces  slide  in 
grooves  in  insulated  carriers,  and  are  retained  in 
place  by  end  plates.  The  usual  brushes  are  em- 
ployed. To  avoid  sparking  it  is  preferred  to 
couple  the  separate  plates  of  the  commutator  with 
a secondary  battery  capable  of  absorbing  the 
“ extra”  current  at  break,  and  giving  it  up  after- 
wards. 

Galvanometer. — Coils  of  wire  are  constructed 
in  pairs,  one  for  each  side  of  the  zero  line,  and  form 
a chamber  in  which  the  moving  parts  of  the  instru- 
ment freely  move.  Two  such  pairs  are  arranged 
back  to  back,  so  as  to  have  I’cverse  magnetic  fields. 
The  moving  systems  have  opposite  magnetic  actions, 
and  being  fixed  on  one  axis  all  the  influences  tend 
to  move  it  in  one  direction.  Soft  iron  may  be 
inserted  in  the  moving  coils,  or  soft  iron  needles 
may  be  mounted  on  the  same  axis  as  the  first  pair 
of  coils,  but  placed  at  a considerable  angle  to  them. 
Various  methods  of  suspension  arc  employed.  In 
another  form  of  instrument  a vertical  helix  causes 
an  iron  core  to  descend,  while  a second  helix  causes 
its  core  to  ascend.  The  two  cores  arc  connected  by 
a cord  passing  over  a wheel,  and  give  the  rccpiircd 
indication  by  means  of  a pointer  ; or  an  electro- 
magnet attracting  an  armature  forces  mercury  out 
of  an  clastic  vessel  into  a graduated  glass  tube, 
the  armature  being  counterpoised  by  an  inverted 
conical  iron  weight  suspended  in  a vessel  of 
mercury. 

Current  Meter. — Any  suitable  chemical  de- 
composition may  be  employed  to  record  the  eurrent 


Abstracts  of  Patents. — 1878. 


Ixiii 


passed  in  a given  time.  Thus  two  balanced  plates 
change  the  direction  of  the  current  by  the  weight 
of  metal  passed  from  one  plate  to  the  other,  eausing 
the  deflections  of  a pivotted  armature  to  alternately 
make  contact  with  two  points,  each  deflection  of  the 
armature  advancing  a ratchet-wheel  one  tooth,  and 
so  recording  the  quantity  of  eurrent  passed.  Or 
cylinders  mounted  on  axes  rotate  by  the  change  of 
weight  displacing  their  eentre  of  gravity,  and  so 
actuate  a train  of  recording  wheels. 

4,774. — I.  L.  Pulvermacher,  London.  Produc- 
ing Light  by  Electricity.  6d.  (9  figs.) 
November  23. 

Arc  Lamp. — A rod  of  earbon,  previously  insu- 
lated, has  wound  round  it  in  spiral  coils  a thinner 
rod  of  carbon.  One  end  of  the  rod  projects  beyond 
the  spiral  and  has  a metallic  cap  fixed  on  it.  The 
lamp  consists  of  two  metallic  tubes  separated  by  a 
glass  tube;  the  metallie  cap  is  placed  in  the  shorter 
internal  tube  and  the  last  coil  of  the  spiral  in  con- 
tact with  the  top  of  the  outer  tube.  The  arc  is 
formed  by  a temporary  connection  at  the  top  of  the 
carbons.  In  a lamp  to  maintain  the  light  at  a 
fixed  point  the  “ rod  spiral”  is  carried  on  the  top 
of  a deep  ferrule  sliding  in  a metallic  tube  with 
slight  friction,  and  drawn  up  by  counterweights. 
A metallic  tube  passing  through  the  centre  of  the 
hollow  carbon  rod,  has  at  its  upper  end  an  inverted 
conical  stop  which  pei'inits  the  carbon  to  be  fed  up 
only  as  it  is  consumed ; a rod  passing  through 
this  tube,  terminating  at  its  top  in  a small  metallic 
brush  inclined  downwards,  serves  to  make  contact 
between  the  carbons  and  so  start  the  arc. 

IxcANDESCEXCE  Lamp. — This  is  constructed  as 
described  in  Patent  No.  4,180  of  1878. 

*4,812.— F.  W.  C.  Vogel,  London.  (Ah  C.  Vogel, 
Rotterdam.)  Machinery  for  Generating 
Electricity.  2d.  November  26. 

Dynamo-Electric  Generator. — “Both  systems” 
(i.e.,  the  inducing  and  induced)  “ are  made  to 
revolve  in  inverse  sense,  and  so  when  both  are 
revolved  at  1000  I’evolutions  a minute,  the  intensity 
due  to  20CO  revolutions  is  obtained.” 

*4,821. — R.  Sabine,  Hampton  AVick.  Electric 
Lamps  or  Regulators.  2d.  November  27. 

Arc  Lamp.— This  relates  to  methods  of  regulating 
the  distance  of  the  carbons.  In  the  first  instance 
a fan  is  rotated  by  the  ascent  of  the  heated  air  and 
sets  in  motion  a suitably  arranged  train  of  wheels ; 
in  the  second  instance,  where  a top  illumination  is 
required,  a block  of  cast  iron  is  substituted  for  the 
lovi^er  carbon,  a portion  of  this  fuses  and  forms 
a small  pond  of  molten  material ; in  the  third 
instance,  the  carbons  are  placed  vertically  side  by 


side,  one  being  pivotted,  which  allows  of  its  being 
repelled  by  the  fixed  carbon  according  to  the 
degree  of  current  flowing. 

4,844. — I.  L.  Pulvermacher,  London.  Dy- 
namo - Electric  Machine  for  Producing 
Electric  Currents.  Cd.  (9  figs.)  November  28. 

Dynamo-Electric  Gener.ator. — This  consists  of 
two  horizontal  cylinders  built  up  of  a number  of  soft 
iron  rings  bolted  together,  but  separated  from  each 
other  by  washers,  the  inner  one  revolving  in  the 
fixed  outer  one.  Longitudinal  parallel  grooves, 
to  contain  insulated  copper  wh’e,  are  cut  in  the 
outer  surface  of  the  revolving  cylinder,  and  a 
corresponding  number  of  grooves  are  cut  in  the 
inner  surface  of  the  fixed  cylinder.  The  wires 
are  laid  in  these  grooves  in  zig-zag  form  from 
one  end  to  the  other  alternately.  The  current 
of  the  revolving  cylinder  is  collected  at  tivo  insu- 
lated rings  and  taken  from  terminals  attached  to 
the  fixed  cylinder.  Inner  and  outer  fixed  cylinders 
may  be  used,  in  which  case  a central  revolving 
cylinder  has  grooves  cut  on  both  its  surfaces. 
The  shaft  is  preferably  mounted  in  bearings  having 
adjustable  split  bushes. 

4,847. — F.  J.  Cheesbrough,  Liverpool.  (II'.  E. 
Sawyer,  New  Yorl,  U.S.A.  and  A.  Man, 
Brooklyn,  JS'.Y.,  U.S.A.)  Electric  Lamps. 
8d.  (9  figs.)  November  28. 

Semi-Incandescence  Lamp.  — The  lamp  is  en- 
closed in  a tall  glass  globe  having  a flange  at  its 
lower  end  over  which  is  placed  a brass  ring.  A glass 
stopper  ground  to  the  globe  is  secured  by  a wooden 
disc,  under  which  come  discs  of  rubber  and  brass, 
drawn  up  by  bolts  passing  through  the  brass  ring 
and  discs.  Passing  through  the  stopper  and  hermeti- 
cally sealed  therein  are  two  coiled  conducting  tubes 
reaching  half  way  up  the  globe  ; the  one  closed  at 
the  top  has  a small  hole  communicating  with  the 
bottom  of  the  lamp,  the  other  is  open  at  the  top. 
On  the  ends  of  these  tubes  are  screwed  binding 
posts  fitted  with  washers  to  make  an  air-tight 
joint,  the  lamp  being  exhausted  and  the  posts 
screwed  on  afterwards.  A disc  of  soapstone  is 
placed  at  the  top  of  these  tubes,  to  which  the 
carbon-holders  are  secured.  The  lower  one  cames 
a rounded  point  of  carbon,  and  the  upper  one  is 
a rod  bent  at  right  angles  at  the  top,  and  sliding 
in  a short  tube,  in  uhich  it  is  guided  by  a pin 
working  in  a slot ; from  the  projecting  arm  de- 
pends the  carbon,  which  is  guided  in  a projecting 
clamp  formed  of  a strip  of  silver  bent  round  the 
rod,  and  having  its  points  protected  by  two  pieces 
of  iridium.  A lump  of  sodium  or  potassium,  and 
one  or  two  lumps  of  freshly  burned  lime,  are  placed 
in  the  globe.  A modification  of  the  lamp  has  a 
number  of  upper  carbons  arranged  round  a circular 
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lower  carbon,  and  in  a further  modification  the 
upper  carbon  is  shortened  and  the  guiding  clamp 
dispensed  with. 

4,949. — C.  W.  Siemens,  London.  (//.  v.  Alie- 
ned:, Berlin).  Electric  Lamps.  Cd.  (7  figs.) 
December  4. 

Arc  Lamp.s. — In  the  first  lamp  described,  the 
carbons  are  suspended  from  a framing  and  meet  at 
an  acute  angle,  the  one  being  fixed  and  the  other 
attached  to  a pivottcd  lever  counterweighted  so  as 
to  tend  to  keep  their  points  in  contact,  the  passage 
of  the  current  in  opposite  directions  tending  to  repel 
them.  The  arm  of  the  lever  may  be  at  right  angles 
to  the  carbon,  one  end  being  weighted  and  the 
other  attached  to  the  core  of  a solenoid  ; the  core 
may  have  a dash-pot  action,  or  be  made  of  a group 
of  insulated  iron  wires  to  adapt  it  for  alternating 
currents.  In  another  lamp  the  carbons  are  placed 
vertically  one  over  the  other.  An  iron  core  in  a 
solenoid  is  attracted  downwards  in  opposition  to 
a weight  or  spring,  and  is  connected  by  a lever 
to  a vertically  sliding  rod,  which  is  itself  con- 
nected through  a ratchet  and  pawl  to  a vertical 
slide  carrying  the  upper  carbon.  The  rod  and  slide 
remain  together  so  long  as  the  stroke  of  the  core 
can  effect  the  adjustment,  but  when  the  carbon  is 
so  far  wasted  that  the  rod  descends  to  the  limit  of 
the  stroke,  the  pav\l  comes  in  contact  with  a fixed 
stop,  and  the  carbon  descends  till  the  pawl  engages 
again  and  the  self-adjusting  movement  is  resumed. 
The  upper  carbon-holder  may  be  connected  to 
the  lower  one,  so  as  to  form  a focus-keeping 
lamp.  The  descent  of  the  carbon  when  its  slide 
is  disengaged  from  the  rod,  is  regulated  by  a 
pendulum  and  escapement  device.  The  movements 
of  the  core  are  controlled  by  a piston  working  in  an 
air  cylinder.  In  a modification,  the  core  connected 
to  the  carbon  rod  as  before  slides  in  a solenoid,  one 
part  of  which  is  wound  with  a low  resistance  and 
the  other  part  with  a high  resistance  coil,  the 
counteraction  of  the  two  coils  causing  the  carbons 
to  adjust  themselves  to  suit  the  current. 

4,960. — A.  V.  Newton,  London.  (H'cAfoR  Jhj- 
namo-EIectric  Madiine  Company/,  Incorpornfed, 
Newark,  N.J.,  U.S.A.)  Apparatus  for  Gene- 
rating Electric  Currents,  and  for  Pro- 
ducing Electric  Light.  lOd.  (18  figs.)  De- 
cember 4. 

Dynamo-Electric  Generator. — The  liorizontal 
electro-magnets  are  carried  at  their  outer  ends  by 
iron  standards  in  which  are  parallel  slots  to  provide 
for  the  circulation  of  air  between  the  upper  and 
lower  magnets.  The  pole-pieces  connecting  the 
inner  ends  of  the  magnets  are  constructed  of  a 
number  of  wrought-iron  plates  each  curved  on 
their  inner  edges  and  spaced  apart  to  corre- 


spond and  be  in  line  with  the  spaces  between 
the  discs  forming  the  armature.  The  wrought- 
iron  plates  have  their  ends  notched,  and  are  placed 
in  tlie  moulds  into  which  the  metal  for  the  core- 
pieces of  the  magnets  is  run.  The  cylindrical  arma- 
ture is  composed  of  a series  of  parallel  discs  corre- 
sponding in  number  and  spacing  to  the  wrought- 
iron  plates.  Longitudinal  grooves  are  cut  on  the 
surface  of  the  cylinder,  and  in  tliese  the  insulated 
wires  are  laid  in  a double  system  of  coils  in  separate 
divisions,  the  divisions  being  looped  together  and 
the  loops  connected  to  tlie  commutator  plates  ; the 
loops  of  the  first  system  are  connected  to  plates  of 
the  commutator  diametrically  opposite  to  the  plates 
to  which  the  loops  of  the  second  system  are  con- 
nected ; the  free  end  of  one  system  is  connected  to 
the  free  end  of  the  other,  their  other  ends  being 
connected  to  one  plate  of  the  commutator.  A 
number  of  separate  insulated  coils  are  wound  on 
the  cores  of  the  electro-magnets  so  that  each  shall 
have  the  same  length  and  number  of  convolutions  ; 
one  group  of  the  free  ends  is  connected  to  one  of 
the  brushes,  the  other  ends  are  coupled  through  the 
outer  circuits  to  the  otlier  brush.  The  commutator 
consists  of  a cylinder  provided  with  eight  insulated 
spirally  arranged  plates  mounted  on  the  projecting 
end  of  the  shaft  and  carried  in  two  brass  bracing 
pieces,  the  flanges  of  which  are  bolted  to  the  upper 
edges  of  the  poles  of  the  stationary  magnets.  The 
brushes  are  supported  in  slotted  studs  inserted  in 
slots  in  an  oscillating  plate  mounted  loosely  on 
the  outside  of  the  bearing  of  the  shaft,  and 
provided  with  a set  screw.  To  admit  of  the 
accui'ate  setting  of  the  brushes,  the  hub  of  the 
oscillating  plate  has  a pointer  behind  which  a 
curved  scale  is  fixed  ; the  studs  are  also  fitted  with 
curved  wires  serving  as  gauges  for  the  length  of 
brush  required.  In  the  second  or  compound  mul- 
tiple circuit  generator  the  stationary  coils  traverse 
the  exterior  of  a skeleton  cylinder,  tlie  ends  of  each 
coil  being  carried  to  binding  posts.  The  revolving 
armature  has  a number  of  core-pieces,  correspond- 
ing to  the  number  of  coils  on  which  an  insulated 
wire  is  wound,  forming  coils  on  each  core-piece. 
One  end  of  the  w ire  is  taken  to  an  insulated  collar 
on  the  shaft,  and  the  other  end  through  the  shaft 
to  a second  collar.  The  exciting  current  of  a second 
generator  is  supplied  to  these  collars  by  a pair  of 
brushes. 

Arc  Lamps. — In  the  first  lamp  the  two  carbons 
are  placed  vertieally  side  by  side  in  metallic  holders 
connccteil  with  the  circuit  wires.  On  the  outer 
side  of  the  positive  electrode  a cylinder  of  fine 
glass  is  placed  aflbrding  by  volatilisation  a conduct- 
ing vapour  which,  by  its  passage  across  the  point 
of  the  positive  to  the  point  of  the  negative  elec- 
trode, defines  the  path  for  the  current  and  keeps 
the  arc  at  the  points  of  the  carbons.  An  “auto- 
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matio  lighter,”  eonsistiiig  of  a bar  of  carbon 
inonnteil  in  a tilting  lioldei',  rests  on  the  points 
of  the  carbons,  and  is  withdrawn  from  them  by  an 
electro-magnet  on  the  passage  of  the  current,  or  a 
bar  of  carbon  may  be  mounted  on  the  end  of  a rack 
and  caused  to  descend  and  make  contact  between 
tlie  points  of  two  fixed  vertical  carbons,  from 
which  it  is  withdrawn  by  the  action  of  an 
electro  - magnet  operating  an  endless  band  by 
means  of  a rocking  clutch  armature  and  ratchet- 
wheel.  In  a further  modification  one  or  both  of 
the  electrodes  are  mounted  in  tilting  holders 
worked  by  the  annatures  of  electro-magnets,  which 
in  the  latter  case  are  geared  together  to  insure 
tlie  electrode  oscillating  in  the  same  plane.  The 
attraction  of  the  armature  is  in  opposition  to  a 
spring  through  a curved  lever,  so  arranged  that 
the  force  of  the  spring  varies  to  correspond  to  the 
variable  attractive  force  of  the  magnet  upon  the 
armature  in  the  various  positions  which  it  occupies 
as  the  electrodes  diminish  in  length. 

4,961.— H.C.  Byshe,  London.  Magnetic  Appli- 
ances for  Curative  Purposes.  2d.  De- 
cember 4. 

;M.\gxets. — The  surfaces  of  magnets  are  pre- 
served from  oxidation  by  a paint  composed  of 
pulverised  iron,  boiled  linseed  oil,  and  turpentine. 

*4,988. — S.  P.  Thompson,  Bristol,  and  W.  P. 
Thompson,  Liverpool.  Production  of  Elec- 
tric Light.  2d.  December  5. 

Dv.x.\mo-Electrtc  Generator. — Silver  wire  is 
used  in  place  of  copper  wire  to  decrease  the  size  of 
the  rotating  armatures.  In  Ruhmkorffs  coils  it  is 
131'oposed  to  do  away  with  the  copper  wire  and  iron 
core,  substituing  for  them  a spiral  of  iron  -wire, 
preferably  a strand  of  seven  silver-plated  wires 
twisted  and  drawn  together  so  as  to  squeeze  silver 
into  the  interstices,  the  whole  being  then  externally 
electro-plated  and  covered  with  silk. 

Arc  Lamp. — A pencil  of  blacklead  and  pipeclay 
or  other  similar  material  is  fed  in  between  two  fixed 
platinum  poles  and  catching  fire  burns  “with  a 
brilliant  flame,  producing  at  the  same  time  the 
well-known  electric  light.” 

*5,011. — S.  Colme,  London.  Electric  Candles. 
2d.  December  7. 

Electrode.s. — The  electrodes  are  made  of  ultra- 
marine  either  pure  or  mixed  with  carbon,  molasses, 
kaolin,  plaster-of-paris,  or  with  silicate  of  soda  or 
potash.  To  increase  their  conductivity  a copper 
or  platinum  wire  may  be  placed  within  the  elec- 
trodes. 

*5,044. — J.  H.  Johnson,  London.  (F.  E.  de  Mer- 
mnne  and  E.  Berlin.  Paris.)  Electric  Lamps. 
2d.  December  9. 


Semi  - Incandescence  La.mp. — The  lamp  is 
mounted  on  a W'ooden  stand  carrying  a brass  socket 
surmounted  by  a brass  ring,  and  a plug  of  silicate  of 
magnesia  traversed  by  a metal  conducting  wire  ter- 
minating in  a finer  platinum  wire,  is  placed  in  the 
socket.  Arranged  radially  on  the  upper  part  of  the 
ring  aretwo  or  more  tubes,  each  carrying  a weighted 
carbon  rod  pressing  in  turn  against  the  platinum 
wire  ; the  weight  on  one  when  it  is  consumed 
comes  in  contact  with  the  catch  and  lever  arrange- 
ment of  the  other.  The  lever  devices  may  be 
worked  by  electro-magnets. 

*5,053. — J.  H.  Johnson,  London.  ( F.  E.  de 

Mersanne  and  E.  Berlin,  Paris.)  Regulating 
Apparatus  for  Lighting  by  Electricity. 
2d.  December  10. 

Current  Regulator. — A resistance,  preferably 
of  platinum  wire,  is  placed  near  the  generator,  and 
on  this  slides  a contact  sleeve.  The  attendant  moves 
this  sleeve  so  as  to  interpose  more  or  less  resistance 
as  the  platinum  wire  shows  greater  or  less  signs 
of  heat. 

5,060. — A.  V.  Newton,  London.  (F.  E.  de  Mer- 
sanne, Paris.)  Electric  Light  Regulators. 
6d.  (9  figs.)  December  10. 

Arc  Lamp. — The  upper  and  loiver  carbons  are 
fed  towards  each  other  by  clockwork.  The  lamp 
standard  is  a square  tube,  to  the  front  of  which  the 
arm  carrying  the  upper  carbon  is  rigidly  attached  ; 
the  arm  carrying  the  louver  carbon  is  secured  to  a 
spring  blade  mounted  on  the  front  of  the  tube  ; 
an  electro-magnet  attracts  this  spring  blade,  and 
thus  draws  the  carbons  apart  laterally,  to  produce 
the  arc.  A shunt  magnet  controls  the  clockivork. 
The  frames  containing  the  guide  rollers  for  propel- 
ling the  carbons  can  be  adjusted  to  any  desired 
angle. 

5,076.— J.  H.  Joh  nson,  London.  [E.  Berlin  and 
F.  E.  de.  Mersanne,  Paris.)  Electro- Magnetic 
and  Magneto-Electric  Machines.  6d.  (17 
figs.)  December  11. 

Dynamo-Electric  Gener.\.tor. — A base-plate 
has  a vertical  disc  at  either  end,  to  whicli  are 
attached  coils  alternately  wound  in  opposite  di- 
rections. Carried  in  bearings  supported  by  the 
vertical  discs  is  a shaft  on  which  a plate  is  iixed, 
having  on  its  circumference  a number  of  electro- 
magnets presenting  alternately  opposite  poles  on 
each  side  of  the  plate,  and  the  axes  of  their  cores 
corresponding  to  the  axes  of  the  coils  attaclied  to 
the  discs.  The  inducing  current  passes  to  the 
electro-magnets  by  contact  rollers  bearing  on  a 
disc  mounted  on  the  shaft.  The  cores  of  the  coils 
may  be  coupled  in  pairs  by  an  iron  plate  so  as  to 
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form  liorscshoe  magnets.  The  core-pieces  may  1)C 
solid  or  ljuilt  up  of  iron  wires.  Any  nnmber  of 
electro-magnet  systems  may  he  employed,  a corre- 
sponding numher  of  discs  anil  coils  being  used. 

^5,105. — R.  Punshon,  Brighton.  Carbon  Points 
or  Candles  for  Electric  Light,  id.  De- 
cember 13. 

C.VKBON'S. — Finely  powdered  carbon  and  asbestos 
are  ground  together  with  an  amalgam  of  mercury 
and  silver  ; cohesion  is  secured  by  the  addition  of 
alVmmen,  gum,  and  treacle,  the  desired  shape  being 
formed  by  pressure  in  a mould.  A flexible  candle 
is  made  of  a number  of  short  pieces  of  carbon 
joined  together,  end  to  end,  by  having  a tape  pre- 
viously saturated  with  soda,  gummed  to  one  or 
both  sides  of  the  “ candle'’  lengthwise  and  con- 
tinuously, the  ends  of  each  portion  being  covered 
with  an  adhesive  mixture  which  causes  them  to 
adhere  slightly  without  being  rigid.  The  jointed 
carbon  is  rolled  round  a drum  and  carried  to  a disc 
of  carbon  by  grooved  friction  wheels.  The  carbon 
composition  may  be  used  for  the  filaments  of  incan- 
descence lamps. 

5,110. — J.  H.  Johnson,  London.  (F.E.deMir- 
sanne  and  E.  Berlin,  Paris).  Regulators  for 
Electric  Light.  6d.  (11  figs.)  December  13. 

Aiic  Lamp. — A hollow  T shaped  frame  supports 
a vertical  tubular  arm  at  each  end  of  its  crossbar  ; 
on  top  of  these  tubular  arms,  and  at  right  angles 
to  them,  are  fixed  adjustable  frames  carrying  the 
horizontal  carbons.  The  latter  are  propelled  by 
guide  rollers  to  xvhich  motion  is  imparted  by  a 
small  endless  chain  passing  over  pulleys  and  pressed 
by  spring  rollers  against  a pulley  driven  by  the 
descent  of  a frame.  On  this  frame  is  mounted 
an  electro-magnet  and  a train  of  Mheels  termi- 
nating in  a fly  controlled  by  the  action  of  the 
armature  of  an  electro-magnet  coupled  in  as  a 
shunt  to  the  arc.  In  a modification  the  electro- 
magnet is  fixed  to  the  fi'ame  of  the  lainjr  and  a 
weight  is  employed  in  its  place,  the  armature,  as 
liefore,  controlling  the  train  of  rvheels.  A second 
electro-magnet  operates  by  a tension  pulley  on  the 
endless  chain  and  draws  the  carbons  apart.  'The 
driving  weight  may  be  composed  of  two  core-pieces 
bent  at  right  angles  at  their  top  and  bottom  ends, 
the  bottom  hinged  ends  being  shaped  so  as  to 
encircle  and  slide  on  a rod  ; on  the  lower  ends  of 
these  core-pieces  are  low  resistance  coils  in  the 
main  circuit,  tending  to  cause  the  armatures  to 
grip  the  rod  ; above  these  are  wound  high  resist- 
ance coils  coupled  as  a shunt,  tending  to  cause  the 
armatures  to  release  their  grip,  on  which  the  car- 
bons arc  brought  together  by  the  descent  of  the 
magnets.  'The  carbons  may  be  fed  forward  by  a 


screw  motion,  in  which  case  they  are  placed  in  a 
tube  having  a longitudinal  slot  on  two  of  its  oppo- 
site sides  and  a revolving  helix  in  its  interior  ; 
the  carbon  is  laid  in  the  helix  and  a pin  passing 
through  its  end  engages  with  the  heli.x  and 
travels  in  the  two  slots,  or  an  endless  chain  may 
impart  motion  to  the  carbon  direct  by  means  of 
a hook  attached  to  the  carbon-holder  engaging  in 
a link  of  the  chain. 

5,123. — G.  E.  Dering,  Lockloys,  Herts,  Obtain- 
ing Light,  Heat,  and  Motive  Power.  4d. 
December  13. 

Generator. — A dynamo-electric  or  other  genera- 
tor is  used  to  decompose  water,  and  the  resulting 
gases  are  separately  collected  and  stored  for  future 
use. 

5,139. — W.  B.  Brain,  London.  Electric  Light- 
ing. 6d.  (26  figs.)  December  14. 

Dynamo-Electric  Generator. — The  armature  is 
composed  of  a ring  of  sheet  iron  or  wire  on  ivliich 
insulated  copper  wire  is  ivound,  the  ivhole  being 
mounted  on  a wooden  knob  and  attached  thsreto 
by  flat  radial  plates  ; the  exciting  magnets  are  of 
the  Gramme  type,  and  the  core-pieces  are  bridged 
across  so  as  to  nearly  envelop  the  armature.  In  a 
modification  the  shaft  has  a circular  plate  mounted 
on  it,  to  ivhich  are  attached  a series  of  magnets 
arranged  in  sets  of  alternate  polarity,  and  held  at 
their  outer  periphery  by  a brass  ring  ; on  either 
side  of  the  plate  are  rigidly  mounted  similar  rings 
of  magnets.  The  currents  are  collected  from  a 
commutator  of  the  ordinary  kind. 

Arc  L.\Mt>. — Three  or  more  carbons  are  used  to 
form  the  positive  pole  ; these  are  placed  horizontally 
and  radiate  at  equal  angles.  'The  three  negative 
carbons,  placed  horizontally  and  alternately  with 
the  positive  carbons,  bisect  these  angles.  'The  six 
carbons  are  fed  to  their  common  centre  by  any 
suitable  means.  In  another  lamp  a vertical  carbon 
is  used  in  connection  with  horizontal  carbons,  its 
feed  being  regulated  by  three  electro-magnets.  A 
large  horizontal  magnet  has  hinged  at  its  outer 
ends  one  of  the  outer  ends  of  each  of  two  small 
magnets,  which,  on  the  current  passing,  lift  the 
carhon  by  means  of  spring  clamps.  In  a lamp 
having  two  horizontal  and  one  vertical  carbon  the 
frame  has  two  horizontal  tubes  projecting  at  its 
lower  end  ; in  these  tubes  the  carbons  slide,  and 
are  fed  together  by  the  descent  of  the  cage  con- 
taining the  rocking  magnets  and  vertical  carlion. 
'This  cage  is  connected  by  suitable  cords  passing 
over  pulleys  to  each  of  the  horizontal  carbons. 

5,152.-  G.  W.  Whyte,  Elgin,  N.B.  Electric 
Lamps  or  Lights,  &.c.  (id.  (7  figs.)  De- 
cember 16. 
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Arc  Lamp. — This  is  a.  lamp  in  M-hich  the  arc  is 
formed  between  the  edges  of  two  carbon  discs, 
mounted  vertically  one  over  the  other  on  rotating 
collar  centres,  the  louver  carbon  being  rotated  by 
means  of  a small  electro-motor,  coupled  in  a shunt 
circuit  and  communicating  its  motion  to  the  upper 
carbon  by  means  of  an  endless  belt.  The  spindle  of 
the  loM’er  or  ])ositive  carbon  is  mounted  in  slotted 
bearings  in  the  upper  forked  end  of  an  inverted 
bow  frame,  secured  on  the  top  of  an  insulated 
core  M'orking  in  opposition  to  a spring  of  a regu- 
lating magnet  attached  to  a reciprocating  rod 
sliding  freely  in  a hollow  guide.  The  spindle  of 
the  upper  carbon  is  carried  at  right  angles  to  a 
second  reciprocating  rod  working  freely  in  a hollow 
guide  tube  ; both  these  rods  have  rack  teeth  cut  at 
their  lower  ends,  which  engage  with  gear  wheels 
proportioned  for  the  different  rates  of  consumption 
of  the  two  carbons,  so  as  to  nearly  balance  each 
other.  The  gear  M'heels  are  actuated  by  the  arma- 
ture of  an  electro-magnet  whose  stroke  is  controlled 
by  an  adjustable  spring.  The  motor,  in  the  first 
lamp  described,  consists  of  a horizontal  magnet 
and  armature,  on  -which  latter  is  mounted  a 
spring  pawl  engaging  with  the  teeth  of  a ratchet- 
wheel  which  communicates  motion  to  a vertical 
spindle  terminating  in  a square  hole  carrying  the 
square  shaft  of  a small  worm.  This  worm  gears 
into  a wheel  mounted  on  the  hollow  spindle  carry- 
ing the  collar  to  which  the  carbon  disc  is  attached. 
The  square  shaft  of  the  worm  held  in  suitable  bear- 
ings permits  of  its  vertical  movement  when  the  arc 
is  struck.  In  a modification  the  arc  is  formed  by 
two  electro-magnets,  mounted  on  the  armature  of 
two  vertical  magnets,  causing  their  cores  to  grip 
the  vertical  standard  supporting  the  bow  frame,  at 
the  same  time  the  vertical  magnets  draw  doMii 
their  annature  and  the  arc  is  established.  In  a 
modification  of  the  motor,  two  fixed  vertical  electro- 
magnets have  rotating  over  them  two  electro- 
magnets fixed  on  a vertical  central  spindle  carried 
in  a footstep  bearing  at  its  lower  end,  and  bush 
bearing  at  its  top,  and  communicating  motion  to 
the  carbon  by  gearing  as  before  described. 

*5,165. — A.  M.  Clark,  London.  (L.  R<ynanl, 
Paris.)  Electric  Lamps.  4d.  (4  figs.)  De- 
cember 16. 

Arc  Lamps. — In  one  lamp  the  carbons  have  racks 
formed  on  them  and  are  fed  forward  by  a toothed 
wheel ; in  another  lamp  the  carbons  are  formed  with 
a screw  thread  and  are  fed  by  revolving  holders 
having  corresponding  female  threads  ; the  toothed 
M'heel  and  holder  are  actuated  by  any  suitable  means. 

5,133.  Vi/,  R.  Lake,  London.  [J.  H.  Fuller,  F'ew 
York,  U.S.A.)  Electric  Lighting  Appa- 
ratus. 8d.  (15  figs.)  December  17. 


IvnucTiox  Ai’P.tRATCS.  —Large  magnet  cores  ar- 
ranged parallel  to  each  other  tvith  their  ends  mag- 
netically connected,  have  soft  iron  discs  around 
their  centres,  and  at  a distance  from  these  discs  are 
beads  of  insulating  material.  The  outer  ends  of 
the  cores  are  coiled  M'ith  thick  insulated  wire  so 
connected  together  and  to  the  generator  as  to 
produce  two  consequent  magnetic  poles.  Between 
the  iron  beads  and  the  insulated  terminations  of 
these  coils  are  M’ound  coils  of  finer  wire  from  which 
the  induced  currents  for  the  lamps  are  derived. 
A pivotted  iron  arm  regulates  the  light  by  strength- 
ening or  M’eakening  the  magnetic  poles.  The  in- 
vention also  relates  to  a safety  device,  in  m Inch  an 
electro-magnet  on  an  increase  of  current  attracts 
an  armature  which  is  in  the  circuit  and  draws  it 
from  a contact  point  leading  direct  to  the  lamp, 
thereby  inserting  a resistance. 

Current  Meter.  — Two  horizontal  magnets 
wound  so  as  to  present  opposite  poles  are  fixed 
M'ith  their  axes  in  line.  An  armature  vibrates  be- 
tM  een  them  on  the  passing  of  current,  and  rotates 
by  means  of  a spring  pau  l at  its  upper  eud  a 
ratohet-M'heel  geared  M'ith  suitable  indicating  me- 
chanism. 

*5,197. — H.  Wilde,  Manchester.  Electric  Light 
Apparatus.  2d.  December  18. 

Arc  Lamps. — This  invention  relates  to  improve- 
ments on  Patent  No.  3,250  of  1878,  and  consists  in 
placing  the  carbons  in  straight  V grooves  in  which 
they  are  pressed  by  friction  rollers  and  fed  up- 
M'ards  by  a spring  acting  on  a piston  in  the  tube  in 
which  they  are  contained,  their  upM’ard  motion 
being  arrested  l)y  a block  of  lime  M'ith  which  the 
incandescent  points  come  in  contact.  Compressed 
air  may  be  used  to  raise  the  carbons.  The  arc  may 
be  started  Ijy  a piece  of  carbon  attached  to  an  ar- 
mature which  is  draM'n  aM'ay  by  an  electro-magnet 
on  the  passing  of  the  current. 

*5,257. — J.  H.  Johnson,  London.  (A.  iln  Me- 
ritens,  Paris.)  Induction  Apparatus.  2d. 
December  24. 

I.NDUOTION  Apparatus. — An  alternating  current 
is  caused  to  pass  through  the  two  coils  of  an 
inducing  electro-magnet  having  its  cores  formed  of 
bundles  of  fine  wire  encased  in  a sheath  of  sheet 
iron  and  connected  together  at  one  end  by  a piece 
of  soft  iron.  A precisely  similar  magnet,  but 
coiled  M’ith  finer  M'ire,  is  placed  M’ith  its  poles 
opposite  the  poles  of  the  first  electro-magnet,  from 
which  it  is  separated  by  a thin  slip  of  brass.  The 
currents  induced  in  the  fine  M’ire  coils  are  employed 
to  work  lamps,  &c. 

*5,270. — F.  R.  Lucas,  OreenM'ich.  Under- 
ground Telegraphs.  2d.  December  24. 
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CoXDrcTOK.s. — These  are  laid  in  stoneware  cy- 
linders, secured  together  hy  a cemented  socket  or 
clamp. 

^'5,281. — A.  M.  Thompson  and  H.  D.  Earl, 
Crewe.  Electric  Lamps.  2d.  December  27. 

Electhode.s. — To  prevent  the  rapid  destruction 
of  the  electrodes  that  portion  “intended  by  its 
incandescence  to  pi’oduce  the  light  is  or  may  be 
enclosed  in  solid  glass  or  porcelain  or  other  suit- 
able non-electro  conductors.” 

5,306. — T.  A.  Edison,  N.J.,  U.S.A.  Develop- 
ing Magnetism  and  Electric  Currents  and 
Apparatus  for  Illuminating  by  Electricity. 
Cd.  (10  figs.)  December  28. 

Ixc'AXDE.scEXCE  Lamp. — The  filament  is  made  of 
a wire  of  platinum,  or  platinum-ii'idium  allo}’, 
coated  with  a “ pyroiiisulation”  of  an  oxide  of 
metal  such  as  cerium,  lime,  &c.,  dissolved  in  acid. 
The  “ pyroinsulated”  wire  is  wound  on  a cylinder 
of  lime  and  connected  in  the  circuit,  or  a helix  of 
flattened  wire  may  be  insulated  and  used  as  a 
“burner”  in  the  same  way.  The  expansion  and 
contraction  of  the  burner  is  used  to  actuate  a safety 
device  as  described  in  Patent  No.  4,226,  of  1878. 
The  burner  may  be  surrounded  by  a metal  cylinder 
which  becomes  incandescent  and  radiates  the  light. 
For  insulatingthe  wire  a small  carriage  has  mounted 
on  it  a sjionge  containing  the  solution,  and  a spirit- 
lamp  ; the  carriage  is  drawn,  sponge  first,  under 
the  stretched  wire.  The  burner  can  be  made  up  of 
finely  divided  iridium  mixed  with  an  oxide  of 
titanium,  ii-on,  or  other  metal. 


Conductors.  — An  insulated  copper-stranded 
cable  is  carried  in  a tube  which  serves  as  the  re- 
turn. An  insulated  strand  and  branch  pipe  leads 
off  to  each  house.  A safety  device  for  cutting  off 
the  current  to  a house  consists  of  an  armature 
working  against  asjrring  adjusted  to  the  current 
required  ; an  excess  of  current  causes  an  electro- 
magnet to  draw  away  the  armature  from  a contact 
and  thus  break  the  house  circuit,  the  armature 
being  caught  and  held  by  a spring  detent. 

Secondaky  Batteries. — These  are  described  as 
constructed  of  lead  sheets  wound  to  any  convenient 
form  and  placed  in  acidulated  water  in  closed  cases; 
a switch  is  provided  for  switching  any  battery 
into  circuit.  The  gases  developed  when  the  bat- 
teries are  fully  charged  pass  into  a chamber  fitted 
with  a flexible  diaphragm  which  acts  on  a switch 
and  breaks  the  battery  circuit. 

*5,307,—  J.  B.  F.  Freeman,  London.  Carbons 
for  Electric  Lighting.  2d.  December  28. 

C.VRBONS. — These  are  made  in  the  form  of  helices 
of  considerable  diameter  and  are  mounted  to  rotate 
on  axes  so  as  to  feed  their  points  together. 

5,321. — J.  S.  Pierson,  Brooklyn,  N.Y.,  U.S.A. 
Underground  Telegraph  Lines.  6d.  (2 

figs.)  December  30. 

Conductor.?. — These  are  laid  in  grooved  planks 
and  covered  with  asphalte.  Several  planks  placed 
on  top  of  one  another  are  put  in  a casing  which  is 
then  filled  with  asphalte. 


1879. 


27.  - - B.  A.  Raworth,  Manchester.  Electric 
Lighting.  Cd.  (11  figs.)  January  3. 
Dynamo-Electric  Generator. — The  first  part 
of  this  invention  relates  to  the  cleansing  of  the  com 


direct  from  the  machine  or  by  a separate  shaft.  The 
second  part  of  the  invention  consists  in  arranging  an 
indicator  as  shown  in  cross  section  in  Fig.  1 ; an 
are  electro-magnets,  a'  coils,  h a frame  carrying 
in  pivots  a piece  of  iron  U held  off  the  magnets  by 
the  spring  P.  When  no  current  is  passing  the 
indicator  finger  h*  occupies  the  position  shown,  ami 
bearing  against  closes  a battery  circuit  and 
rings  a bell ; should  the  carbons  run  together, 
the  finger  is  moved  to  C-,  closing  the  circuit 
again.  In  the  event  of  a short  circuit,  the  shuut 
G*  will  be  put  in  contact,  thereby  providing  a 
path  for  the  current  without  its  traversing  the 
coils  a'  (C,  thus  stopping  the  action  of  the  generator. 
The  shunt  remains  in  action  until  readjusted. 
The  third  part  of  the  invention  refers  to  the  use  of 
a galvanometer  and  magnetic  indicator,  to  detect 
any  leakage  of  current.  The  magnetic  attraction 
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may  l)e  sliown  on  the  segment  //’,  or  a needle  acting 
in  opposition  to  a spring  may  l)c  mounted  at  d. 
The  galvanometer,  placed  in  tlie  external  circuit  at 
a distance  from  the  machine,  has  its  dial  marked  in 
unison  with  the  dial  of  the  magnetic  indicator  ; 
shonld  the  latter  point  to  a higher  figure  than  the 
galvanometer,  it  will  show  that  part  of  the  current 
does  not  leave  the  machine.  A method  of  dividing 
electric  currents  in  definite  proportions  by  means 
of  mercurial  resistances  is  described  in  the  fourth 
part  of  the  invention.  Two  cylindrical  vessels  arc 
fitted  with  discs  of  vulcanite,  having  their  surfaces 
cut  in  V shaped  concentric  grooves,  partly  filled 
with  mercury  and  connected  so  as  to  form  one  con- 
tinuous circuit ; a head  of  water  is  maintained  above 
the  mercury  to  absorb  heat.  In  the  lower  side 
of  the  discs  chambers  are  cut  communicating  with 
the  grooves  by  passages,  thin  sheets  of  india-rubber 
being  cemented  to  the  lower  sides  of  the  discs, 
and  the  spaces  between  these  and  two  flexible  dia- 
phragms are  filled  with  water.  These  diaphragms 
are  attached  to  either  end  of  an  armature,  pivotted 
in  its  centre  and  actuated  by  two  electro-magnets 
placed  one  at  either  end  and  acting  against  springs 
tending  to  keep  the  armature  in  equilibrium.  The 
entering  current  divides  between  the  electro-mag- 
nets, traverses  their  coils,  and  thence  through  the 
V grooves  to  the  outer  circuit.  When  one-half  of 
the  divided  circuit  becomes  stronger  than  the  other, 
its  magnet  attracts  the  armature,  with  the  attached 
diaphragm,  thus  withdrawing  mercury  from  the  V 
grooves  of  the  one  disc  and  forcing  more  into  the 
grooves  of  the  other. 

Arc  L.\mp. — This,  the  fifth  part  of  the  invention, 
is  illustrated  by  Fig.  2,  a side  elevation,  and  Fig. 
3,  an  enlarged  section.  Referring  to  the  first 
figure,  I is  the  box  containing  the  mechanism,  and 
two  tubes  m’  and  7/1-  depend  from  it,  connected 
respectively  to  the  two  poles.  The  carbon-holders 
7/d,  sliding  on  the  tubes  and  having  insulating 
bushes  at  /i  n,  are  supported  by  the  string  0,  which 
passes  round  the  snatch-block  0,  to  proportion  the 
travel  of  the  carbons  ; is  a pillar  on  which  the 
lamp  stands,  and  is  connected  to  the  positive  wire  ; 
the  negative  wire  is  insulated  and  carried  up  the 
l^illar  to  p,  wliere  it  makes  contact  wdth  the  lamp, 
the  pillar  making  contact  at  p-.  The  lamp  may  be 
suspended  by  the  hooks  q,  each  of  which  is  in 
connection  with  one  of  the  tubes  7/1  7/1.  In  the 
longitudinal  section  the  string  0,  passing  over  the 
grooved  pulley  0®,  has  one  end  fastened  to  the 
carbon-holder  m^,  the  other  end  being  secured  to 
the  lever  o*.  The  pulley  0"'  is  geared  with  the 
copper  disc  s,  revolving  between  the  poles  of  the 
electro-magnet  s,  which,  attracting  its  armature  s- 
011  the  admission  of  current,  separates  the  carbons. 
Should  the  current  fail,  the  spring  overcomes  the 
armature,  and  by  the  catch  t and  ratchet-ulieel  C 


sets  the  train  of  gear  in  motion,  causing  the  carbons 
to  approach  each  other.  The  finger  d*  is  pressed  on  the 
disc  s by  the  electro-magnet  t",  and  the  action  of  the 
finger  is  regulated  by  the  spring  <^and  rodi  ' actuated 
by  tlie  thumb-screw  d ; m is  a catch  for  stopping 


the  lamp.  In  a modification  the  grooved  pulley 
and  its  spurwheel  are  mounted  on  the  boss  of  a 
tumbler  plate  moved  by  a link  connected  to  an 
armature  ; a pinion  carried  by  a plate  mounted  on 
a boss  formed  on  the  back  of  tlie  tumliler  plate 
carries  a ratchet  and  a plain  wheel,  against  which 
the  tumbler  bears  and  acts  as  a brake.  On  the 
entrance  of  current  the  armature  is  attracted  and 
the  end  of  the  string  lowered  ; the  tumbler  is  also 
lowered  and  bears  against  the  plain  wheel,  prevent- 
ing it  and  its  geared  train  from  turning ; conse- 
quently the  grooved  pulley  is  lowered  and  the 
carbons  are  separated.  On  the  current  through 
the  magnet  weakening  the  armature  lifts,  and  the 
upward  motion  of  the  tumbler  draws  the  carbons 
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together,  at  the  same  time  a pawl  gearing  with 
the  teetli  of  the  ratcliet-wheel  tends  to  put  the 
carbons  closer  together.  Should  the  circuit  be 
interrupted,  the  armature  makes  its  full  upward 
stroke,  and  thereby  causes  the  tumbler  to  relieve 
the  plain  wheel,  and  the  carbons  run  together. 
When  the  frictim  of  the  carbon-holders  is  too 


great  for  the  magnet  to  overcome,  a shunt  is  em- 
ployed consisting  of  a vertical  sliding  pin  of  brass, 
mounted  in  a small  frame  caiTying  a stud  of  ivory 
and  one  of  metal,  between  which  a pin  projecting 
from  the  tumbler  plate  works  with  sufficient  play 
to  make  and  break  contact  without  moving  tlie 
carbon-holders.  A finger  projecting  from  the  frame 
makes  contact  with  the  magnet  coils  at  any  desired 
point,  and  the  tumbler  plate  is  in  connection  with 
the  positive  pole.  When  tlie  current  decreases, 
part  of  the  current  is  shunted,  and  when  the  current 
increases  the  m.agnet  exerts  its  full  strength. 

*51. — E.  K.  Dutton,  Manchester.  (/’.  AVc.sc,  Dort- 
mund.) Signalling  on  Railway  Trains,  &c. 
2d.  .January  4. 

(Jexerator. — Any  ordinary  generator  is  em- 
ployed in  connection  with  electro-magnets  to  give 
a signal  to  the  driver  or  guard. 


81. — K.  W.  Hedges,  I.ondon.  Electric  Lamps. 

(id.  (7  figs.)  .January  8. 

Arc  — The  carbons  descend  in  guide  tubes 

as  they  waste,  their  points  abutting  .on  a piece  of 
refractory  material  on  the  face  of  which  the  arc  is 
formed.  The  distance  between  the  carbons  is  main- 
tained by  an  electro-magnet,  whose  armature  is 
attached  to  one  of  the  guide  tubes.  The  hollow 
block  supporting  the  refractory  material  may  be 
water  jacketted. 

83.  — W.  Ladd,  London.  (.7.  Jaapar,  LiOji .) 

Electric  Lamps,  (id.  (4  figs.)  January  8. 

Arc  Lamp. — This  is  constructed  to  burn  vertical 
carbons  placed  one  over  the  other,  both  movable, 
and  so  connected  together  by  cords  and  pulleys  that 
a counterweight  causes  them  to  approach  each  other 
and  a solenoid  separates  them.  The  frame  consists 
of  a base  and  top  plate,  supported  liy  standards. 
The  lower  caibon-holder  is  a tube  free  to  slide  ver- 
tically in  guides  formed  of  a tube  projecting  from 
the  base  and  an  opening  through  the  top  plate ; the 
lower  end  of  the  tube  is  of  iron  to  form  an  arma- 
ture, and  is  slotted  longitudinally  to  admit  a por- 
tion of  a grooved  pulley  to  which  is  attached  a 
cord  depending  therefrom  into  the  tube,  the 
weighted  end  being  fastened  thereto.  The  spindle 
of  the  pulley  is  mounted  in  a forked  bracket 
fixed  to  the  underside  of  the  top  plate  and  sup- 
ports a second  pulley  of  about  double  the  dia- 
meter of  the  first,  to  which  is  attached  a cord 
connected  to  the  lower  end  of  the  upper  carbon - 
holder  ; the  spindle  also  carries  a small  barrel  con- 
nected by  a cord  to  a weighted  lever.  A solenoid, 
one  end  of  Avhich  is  in  connection  with  the  frame 
of  the  lamp,  and  the  other  with  the  source  of 
electricity,  surrounds  the  tubular  guide  of  the 
lower  carbon.  The  upper  carbon  is  carried  by  a 
holder  projecting  downwards  from  an  arm  attached 
to  a vertical  tube  sliding  in  a tubular  insulated 
guide  fixed  in  the  top  plate  of  the  lamp.  The  tube 
passes  down  through  the  guide  and  its  cml  is  fas- 
tened to  a horizontal  plate  sliding  on  a fixed 
guide  rod ; to  this  plate  is  attached  the  cord  from 
the  second  pulley.  By  the  side  of  and  parallel 
with  the  tubular  guide  is  a mercury  tube  open  at 
its  top  to  receive  a rod  projecting  downwards  from 
the  arm,  by  which  contact  is  made  with  the  ujtpcr 
carbon.  The  carbons  tend  to  approach  each  other 
by  the  drag  of  the  weighted  lever  .attached  to  the 
small  barrel,  and  the  solenoid  by  drawing  down 
the  lower  carbon-holder  tends  to  separate  them. 


*65, — A.  M.  Clark,  Jjondon.  [E.  Diirirlet,  Petris.) 
Electric  Lamps.  4d.  (1  fig.)  January  (i. 

Arc  Lame. — The  lower  electrode  is  placed  in  a 
tube  filled  with  mercury  and  floats  up  against  a 
stop  of  refractory  material. 


144. — W.  Morgan-Brown,  Jjondon.  ( IT.  7’.  CA 
MfCarty  and  Baron  Sellidrr,  Paris).  Electric 
Lighting,  &.C.  (id.  (.7  figs.)  January  l.'l. 
Arc  Lamp. — The  lamp  consists  of  a bed-platc 
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supporting  a vertical  stanilaril,  upon  which  slides  a 
boss  provided  with  two  arms  carrying  at  their  outer 
ends  clamping  collars  which  converge  upwards  at  an 
angle  of  about  llO";  in  these  clamping  collars  are 
placed  hard  rubber  tubes  closed  at  their  lower  ends 
by  a cap  which  serves  as  an  abutment  for  a spring 
pressing  a piston  upwards  ; their  upper  ends  closely 
approach  each  other,  and  are  protected  by  a coating 
of  asbestos.  The  electrodes,  composed  of  carbon, 
platinum,  iridium,  and  magnesium,  are  fed  up  by 
the  springs,  and  form  the  arc  across  a pellet  of 
platinum-iridium  alloy  at  the  top  of  the  tubes,  a 
vertical  rod  of  chemically  pure  calcium  being  fed 
down  from  a tube  held  by  a bent  arm.  A double 
globe,  in  which  water  is  placed,  is  used  to  soften 
the  light. 

153.— J.C.  Mewburn, London.  (Dr.M.C.F.Nitze, 
Vienna).  Instruments  tor  Illuminating  and 
Examining  Parts  or  Cavities  of  the  Human 
or  Animal  Body.  Cd.  (18  figs.)  January 
14. 

Ixc.VNDESCEXCE  Lamp. — A platinum  or  other  wire 
is  made  incandescent  by  an  electric  current,  and 
the  heat  is  absorbed  by  a constant  flow  of  water. 
The  lamp  so  arranged  is  used  in  combination  with 
various  instruments  fitted  with  lenses  for  the  direct 
illumination  of  the  part  to  be  examined. 

*178. — A.  de  Meritens,  Paris.  Obtaining  Light 
by  Electricity,  2d.  January  15. 

Caxdles. — These  are  preferably  semicircular  in 
section,  and  are  set  in  holders  a sufficient  distance 
apart  to  admit  of  a third  carbon  being  placed 
between  them.  The  tips  are  connected  by  a com- 
bustible material. 

*192, — G.  Remington,  London.  Preventing 
Rapid  Destruction  of  the  Electrodes  used 
in  Electric  Lighting.  2d.  January  16. 

Arc  Lamp. — The  arc  is  formed  in  a globe  devoid 
of  oxygen,  the  globe  being  charged  with  hydrogen 
or  any  other  suitable  gas.  The  carbons  may  be 
water  jacketted. 

211. — J.  Rapieff,  London.  Producing  and  Ap- 
plying Electric  Currents  for  Lighting,  &.c. 
Is.  lOd.  (232  figs.)  January  18. 

Dvxamo-Electric  Generator. — To  lessen  the 
absorption  of  magnetism  the  cores  of  the  electro- 
magnets are  made  of  diamagnetic  material  covered 
On  the  outside  with  iron  plates,  sheets,  or  wire  ; 
or  the  magnetic  parts  can  be  placed  alternately 
with  the  diamagnetic  parts.  The  non-magrietic 
cores  may  be  coiled  with  iron  wire,  and  over  them 
may  be  placed  the  inductive  coils,  or  an  iron  wire 
of  a sufficient  size  may  be  substituted  for  both 


these  codings.  Electro-magnets  may  be  constructed 
of  a solid  or  compound  iron  disc  provided  with  two 
slots,  and  the  coiling  put  on  in  such  a manner  tliat 
tlie  wire  is  always  close  to  the  disc  and  bends 
round  each  of  its  lialves  from  one  side  only.  If 
moi'e  than  two  poles  are  rc(piired  the  discs  are 
provided  with  a corresponding  number  of  slots, 
and  the  coiling  is  laid  through  them  alternately 
on  both  sides  of  the  disc,  and  alw'ays  in  one  direc- 
tion. Two  discs  are  arranged  in  the  form  of  a cross 
for  four  poles,  three  for  six  poles,  and  so  on.  These 
discs  may  be  alternated  with  iron  pieces  of  suit- 
able dimensions.  To  form  a compound  magnet  a 
number  of  the  discs  have  tlieir  poles  connected 
alternately  in  pairs  and  may  be  formed  into  a 
ring,  disc,  or  cylinder  by  connecting  pieces  taking 
the  form  of  two  rings,  discs,  or  cylinders  between 
which  the  magnets  are  fixed.  By  arranging  a series 
of  electro-magnets,  liaving  alternately  their  N.  and 
S.  poles  connected  together,  as  a ring,  an  endless 
magnet  is  obtained  having  its  poles  of  one  polarity 
on  one  side,  and  of  opposite  polarity  on  the  other.  To 
increase  the  local  magnetic  influence  the  core-pieces 
are  provided  with  variously  shaped  projections.  To 
secure  tlie  maximum  magnetic  influence  on  one  side 
of  the  electro-magnet  the  disc  core  prepared  from 
several  pieces  of  iron  is  coiled  in  the  usual  way,  and 
to  it  is  added  a similar  disc  and  the  coiling  is  con- 
tinued round  both  discs  as  if  they  were  one  single 
piece,  this  process  being  repeated  till  the  magnet  is 
of  the  required  strength.  To  increase  the  action 
of  the  magnetic  field  the  armatures  are  shaped  to 
correspond  to  the  form  of  the  poles.  The  two 
branches  of  electro-magnets  have  a flat  form  and  are 
placed  side  by  side,  or  a polarised  fixed  armature 
enclosing  a soft  magnetising  core  maybe  employed. 
To  attract  two  distinct  armatures  at  different  times 
two  parallel  magnets  of  opposite  polarity  liave  one 
of  the  armatures  hinged  to  one  of  their  poles,  the 
second  armature  being  free.  The  cores  of  electro 
magnets  are  wound  by  always  coiling  the  wire  in 
the  same  direction  around  and  along  the  axis  of 
the  core,  a fresh  wire  being  taken  for  each  layer, 
thus  obtaining  as  many  series  of  conductors  as  there 
are  layers.  The  layers  may  be  variously  grouped. 
In  arranging  the  generator  tlie  inductors  may 
have  their  S.  poles  exactly  opposite  the  N.  poles, 
both  polarities  being  placed  side  by  side  or  one 
retreating  somewhat  behind  the  others.  The  ar- 
rangement of  the  induced  conductor  may  also  be 
varied  : 1 , when  the  poles  of  the  inductors  face 
each  other  from  both  sides  of  the  ring,  the  coiling 
is  obliquely,  and  if  a second  layer  of  coiling  be 
required  its  inclination  is  in  the  opposite  direction  ; 
2,  when  the  poles  on  one  side  of  the  ring  face  the 
intervals  between  the  poles  on  the  opposite  side, 
the  wire  is  coiled  approximately  in  the  plane  pass- 
ing through  the  axis  of  rotation  of  the  disc.  In 
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aiiotlier  lUTangeinent  the  inductors  may  be  placed 
with  their  like  poles  opposite  to  each  other  on  botli 
sides  of  the  induced  part,  in  which  case  they  are 
arranged  on  each  side  alternately.  Tlie  induced 
conductor  is  mounted  on  a ring  or  disc  of  iron, 
copper,  brass,  or  wood,  in  the  form  of  separate 
bobbins  or  zig-zags,  but  always  so  that  the  distance 
between  the  branches  of  one  bobbin  is  approxi- 
mately ecpial  to  the  width  of  tlie  poles.  In  another 
form  the  induced  conductor  consists  of  sepai-ate 
bobbins  with  two  long  parts  and  two  sliorter  parts, 
placed  in  layers  one  above  the  other.  The  induced 
conductor  may  be  arranged  as  a disc,  cylinder,  or 
ring,  and  the  iron  core  may  be  wound  with  copper 
wire,  or  the  conductor  itself  may  be  iron.  When 
the  bobbins  or  zig-zags  are  constructed  without 
any  iron  parts  they  are  arranged  in  proper  order 
and  connected  Ijy  a substance  which  in  time  be- 
comes hard.  A number  of  discs  containing  the 
induced  wire  are  placed  alternately  between  the 
inductors.  The  parts  may  be  arranged  to  give 
direct  or  alternating  currents.  To  lessen  the 
friction  of  the  shafts  a rotating  conical  bush  is 
placed  on  the  shaft;  where  the  speed  is  excessive  a 
number  of  such  bushes  placed  one  witliin  the  other 
are  used. 

Commutator. — A commutator  for  combining  the 
alternate  currents  of  various  circuits  into  one 
direct  current  consists  of  a number  of  discs,  equal 
to  the  number  of  circuits,  each  having  four  me- 
tallic projections  in  the  form  of  a cross,  tlie  spaces 
being  filled  by  insulating  material.  The  discs  are 
insulated  from  each  other  and  from  the  shaft  on 
which  they  are  mounted,  and  they  are  metallically 
connected  to  the  ends  of  their  respective  circuits, 
and  so  placed  that  the  retreat  of  each  consecutive 
disc  as  regards  the  preceding  one  is  about  one 
quarter  of  the  intervals  between  them.  The  width 
of  the  brushes  equals  the  united  width  of  all  the 
discs. 

Arc  Lamps. — The  current  has  two  patlis,  one  by 
the  carbons  to  the  coils  of  a permanent  magnet, 
and  thence  to  tlie  return,  and  the  other  tlirough  an 
electro-magnet  direct  to  the  return  ; finding  the 
carbons  apart  it  takes  the  second  course,  and  in 
doing  so  causes  the  movable  part  of  the  electro- 
magnet to  be  attracted,  which  by  means  of  a rod 
lifts  the  loM'er  carbon-holder  and  so  puts  the 
carbons  together  ; the  current  then  divides  and 
part  going  by  the  bobbins  fixed  to  the  permanent 
magnet  demagnetises  it,  and  releases  an  armature 
w'hich  cuts  out  of  circuit  the  electro-magnet  and 
the  carbons  fall  apart,  estaldishing  the  arc.  The 
electro-magnet  may  be  cut  out  of  the  circuit  after 
the  arc  is  formed  by  a contact  piece  attached  to 
the  armature,  the  armature  being  then  retained  by 
a suitable  hook  or  ratchet.  Revolving  discs  of 
carbon  may  be  used,  the  current  being  conveyed 


to  tliem  by  bruslics  bearing  on  special  washers 
fixed  on  tlieir  metallic  axles.  The  heat  of  the  arc 
is  employed  to  bring  to  incandescence  a refractory 
substance,  or  a gas  or  powder  is  burned  by  the 
arc  ; or  tlie  carbons  may  be  envelopc<l  by  suitable 
alloys,  wliich  after  being  melted  accumulate  in 
cups  and  are  eonsumed  in  the  arc.  In  a modifica- 
tion two  carbons  placed  parallel  and  insulated 
from  each  other  are  fixed  in  metallic  holders  ; a 
piece  of  conducting  wire  laid  across  their  ends 
starts  the  arc.  Two  pairs  of  carbons  may  be 
inclined  to  each  other  and  fed  upwards  by  a weight. 

Semi  - Ixcandescexce  Lamp. — Two  cai-bon  rods 
are  fed  together  at  an  angle,  and  their  points  kept 
together  by  spring  rollers.  The  carbons  may  be 
jacketted  w'ith  a good  conducting  material.  One  of 
the  rods  may  be  replaced  by  a fixed  block  of  carbon. 
The  feed  of  the  carbons  may  be  controlled  by  an 
escapement  wheel  and  tooth,  the  tooth  being  ac- 
tuated by  an  electro-magnet  alternately  magnetised 
and  demagnetised  ; the  alternations  are  controlled 
by  a single  electrical  arrangement  acting  on  the 
whole  circuit,  by  an  escapement  for  cacli  separate 
lamp,  Ijy  a beam  of  light  acting  on  a thermopile, 
or  by  a small  portion  of  the  current  itself  being 
periodically  interrupted.  Liquid  ]ioles,  such  as 
quicksilver,  may  be  used,  in  which  case  two  vessels 
in  the  form  of  “ a so-called  Marriott’s  jar,”  each 
provided  with  a refractory  end  and  connected  to 
the  respective  poles  of  tlie  generator  are  used  ; 
various  forms  of  vessels  may  be  used  eitlier  in  the 
ojien  or  under  an  air-tight  cover. 

Secondary  Batteries. — Tliese  may  be  placed 
in  the  main  circuit,  a special  commutator  being 
arranged  to  switch  them  in  or  out  of  tlie  circuit 
and  to  make  the  connection  of  their  elements. 

*245. — R.  E.  B.  Crompton  and  P.  W.  Willans, 
London.  Apparatus  Employed  in  Electric 
Lighting.  *2d.  January  21. 

Arc  Lamp. — A rotating  disc  electrode  is  mounted 
so  as  to  allow  of  its  axis  being  moved  towards  the 
light  as  it  diminishes,  and  a roller,  bearing  on  its 
jieriphery,  is  caused  to  advance  the  axis.  Two 
such  electrodes  may  be  used,  or  one  in  combination 
ivith  a stationary  electrode. 

259.  — T.  W.  Grieve,  London.  Lamp  or  Appa- 
ratus for  Shading  the  Electric  and  other 
Lights,  &c.  (id.  (8  figs.)  January  22. 

Reflectors. — A lantern,  fitted  with  a reflector, 
has  a number  of  difl’erent  coloured  glass  shades, 
the  lower  parts  of  which  are  hinged  so  that  they  may 
be  drawn  up  under  the  light.  'I'he  lantern  may  be 
lowered  by  chains  and  pulleys  to  give  scenic  cfl'ccts. 

277.— S.  Colme,  London.  Electric  Lighting 
J anuary  22. 
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Caiusons. — These  are  formeil  of  ultramarine  in 
its  pure  state,  or  mixed  with  carbon,  kaolin,  plas- 
ter-of-paris,  molasses,  or  with  any  powdered  metal, 
the  mixture  preferred  being  ultramarine,  carbon, 
powdered  copper,  and  molasses.  The  candle  is 
baked  in  a zinc  tube,  which  sublimates  and  partly 
enters  into  the  candle. 

299. — H,  J.  Haddan,  London.  [E.  Molcra  and 
J.  Cebrian,  San  I'rancUco,  U.S.A.)  Apparatus 
for  Producing  Light  by  Electricity,  &c. 
lOtl.  (18  figs.)  January  24. 

Reflectors. — The  first  part  of  this  invention 
relates  to  the  difTiision  of  light  by  suitable  lenses, 
reflectors,  prisms,  &c. 

Arc  Lamp.  — This  consists  of  a vertical  vessel  filled 
with  a suitable  liquid,  in  which  are  placed  side  by 
side,  two  independent  floats  working  through  a 
guide  plate  at  their  upper  ends  : in  these  floats  the 
carbons  are  placed,  and  slide  through  contact 
collars  placed  near  their  points.  The  floats  ascend 
as  the  carbons  are  consumed.  The  carbons  may  be 
vertical  or  inclined.  Various  modifications  of  this 
are  shown,  such  as  a large  float  to  which  the 
lower  carbon  is  attached  direct,  the  upper  one 
being  carried  by  a string  passing  over  a pulley,  and 
having  its  free  end  fastened  to  the  float,  or  an 
electro-magnet,  attracting  the  top  of  an  elastic 
supplementary  cylinder,  may  be  employed  to  main- 
tain a constant  level  of  liquid.  In  a flat  closed 
cylinder  the  bottom  plate  of  soft  iron  is  attached 
by  an  elastic  ring ; projecting  from  the  top  cover 
are  two  tubes,  bent  at  right  angles  and  fitted  with 
pistons  ; in  these  the  carbons  are  placed.  An 
electro-magnet  tends  to  repel  the  bottom  plate  and 
force  the  carbons  together. 

Generators. — The  inventor  proposes  to  main- 
tain the  speed  of  generators  constant  by  driving 
them  from  a water  motor  worked  by  a constant 
head  of  water. 

*307. — W.  Moseley,  Liverpool.  Insulated  Wires 
and  Cables.  2d.  January  24. 

Conductors.  — Twisted  strands  of  horsehair 
saturated  with  melted  resin  and  oil  are  wound  on 
the  conductor  which  is  then  covered  longitudinally 
with  a copper  ribbon  tinned  on  both  sides  ; a tin 
tape  is  laid  over  this,  having  the  joint  at  the 
opposite  side  and  an  outer  and  thicker  copper  tape 
is  added,  and  the  whole  is  then  drawn  through 
a die  plate  heated  to  4.30  deg. , which  solders  the 
surfaces  together.  The  metal  sheathing  may  be 
corrugated. 

*325. — E.  L.  Paraine,  London.  Electrical  Light 
Apparatus.  2d.  January  27. 

Arc  Lamp. — To  maintain  a constant  feed  the 


carbon  “is  actuated  by  any  element  of  greater 
specific  gravity  than  itself.” 

332. — Baron  Elphinstone  Musselburg,  N.B., 
i and  C.  W.  Vincent,  London.  Obtaining 

j Currents  of  Electricity,  (id.  (5  figs.) 

j .January  27- 

Dvnamo-Electric  Generator.  — Referring  to 
i the  illustration,  it  will  be  seen  that  the  framing 
i consists  of  two  standards  A A,  connected  by  three 
I bridge-pieces  similar  to  B.  ^Mounted  on  the  hollow 
j journals  c c is  the  drum  C of  non-magnetic  mate- 


1 


rials,  carrying  on  its  periphery  the  insulated  coils 
E E,  laid  parallel  to  its  axis,  the  free  ends  of  each 
coil  being  connected  to  the  commutator  F.  Mounted 
on  the  dead  shaft  G is  the  electro-magnet  G'  formed 
of  pairs  of  radial  soft  iron  plates  wound  with 
insulated  copper  wire  so  that  alternate  poles  are 
N.  and  S.  The  ends  of  the  wires  are  brought  out 
through  longitudinal  grooves  in  the  shaft  G which 
is  secured  to  the  bridge-piece  H to  prevent  its 
I rotating.  Outside  the  drum  C are  three  electro- 

i magnets  I secured  to  the  bridge  by  the  bolts  and 

nuts  b b,  and  having  their  poles  opposed  to  the 
I poles  of  the  magnet  Gh  The  commutator  is  of  the 

I ordinary  kind,  the  brushes  are  carried  by  the  iusu- 

[ lated  ring  K,  a pair  being  provided  for  each  in- 

dependent current  required.  Permanent  magnets 
I may  be  substituted  for  the  electro-magnets,  and 
the  drum  may  be  fixed  whilst  the  magnets  revolve. 

i *350, — F.  Young  and  J.  Freeman,  London. 

Increasing  and  Diffusing  Artificial  Light. 

2d.  .January  28. 

j Reflectors. — A frame  having  any  number  of 
sides  fitted  with  “bulls-eyes,”  with  a reflector  at  its 
I top,  is  used  to  diffuse  the  light. 

*382, — J.  Imray,  London.  Electric  Lamps.  2d. 

.January  30. 

Arc  Lamp. — The  carbons  are  in  the  form  of 
hollow  cylinders  and  are  rotated  and  fed  towards 
! each  other  at  right  angles  by  clockwork.  The  arc 
is  formed  at  the  ends  of  the  tubes  and  consumption 
takes  place  in  a helical  direction.  The  distance 
I apart  of  the  carbons  is  regulated  by  an  electro- 
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magnet  or  the  expansion  of  a metal  strip.  The 
spring  giving  motion  to  the  feed  gear,  is  arranged 
to  move  a piston  in  a eylinder  containing  liquid, 
the  outlet  being  controlled  by  a valve  attached 
to  the  armature  of  the  electro-magnet,  wiiich  thus 
regulates  the  mechanism. 

*389, — W.  R.  Lake,  London.  {E.  B.  Wufxon, 
Yolohama).  Reflectors  for  Electric-Light- 
ing Apparatus.  2d.  .January  30. 

liEFLECTORS. — Tlicse  are  made  of  silvered  glass 
of  suitable  shapes.  The  glass  may  be  coloured. 

390.  G.  Watson,  Castle  Eden.  Protecting 
Coating  for  Ships,  Telegraph  Cables,  &c. 
2d.  .January  30. 

Conductors. — The  protecting  covering  is  satu- 
rated with  a mixture  of  “ sene-grease”  and  najihtha 
or  other  suitable  vebicle. 

*416. — J.  D.  F.  Andrews,  Charlton,  Kent.  Elec- 
tric Lamps.  2d.  February  1. 

C.vNDLES. — These  are  preferably  in  the  foim  of 
discs  placed  face  to  face,  and  separated  by  a layer 
of  plaster-of-pai'is.  The  arc  presents  itself  at  some 
pai't  of  the  periphery  and  travels  round  it.  The 
positive  disc  is  made  thicker  to  allow  for  its  more 
rapid  consumption.  When  the  light  is  to  be  pre- 
sented in  one  direction  only,  the  positive  carbon  is 
backed  by  a metal  plate  connected  by  a metal  tube 
to  its  conductor,  the  other  conductor  being  con- 
nected to  the  negativ’e  carbon  by  an  insulated  metal 
rod  passing  through  the  tube,  and  having  at  its 
outer  end  a screw  or  nut  to  clamp  together  the 
carl)ons,  with  the  insulating  layer  between  them. 

427. — C.  Dubos,  Paris.  Electric  Lamps.  4d. 
(6  figs.)  February  3. 

Arc  — Semicircular  carbons  are  lield  in 

holders  attached  to  the  ends  of  radius  bars  fixed 
to  pulleys,  round  which  pass  cords  connected  to  a 
weighted  lever  tending  to  keep  the  points  of  the 
carbons  in  contact,  a cord  from  a second  pidley  of 
each  radius  bar  being  connected  to  a soft  iron  core 
of  a solenoid  placed  in  the  lam])  circuit  which  tends 
to  separate  the  carbons.  In  a modification  the  car- 
bons are  mounted  on  counterweighted  arms,  one 
of  which  is  carried  by  a shaft  and  the  other  by  a 
hollow  journal  moving  freely  on  the  shaft;  both  arc 
fitted  with  pinions  which  are  engaged  by  a larger 
pinion  actuated  by  a solenoid  tending  to  separate 
the  carbons. 

*454. — R.  W.  H.  P.  Higgs,  I.,ondon.  Electric 
Lighting.  4d.  (3  figs.)  February.'). 

Arc;  I.ami’. — A vibrating  armature  actuated  by 
an  electro-magnet  mounted  on  a base-plate  carries 


a block  of  carbon.  Attached  to  the  base  plate  is  a 
vertical  standard  carrying  a tube  in  which  slides 
a carbon  rod  controlled  by  a counterpoised  friction 
arm  and  roller.  The  circuit  is  completed  through 
the  rod,  block,  armature,  and  electro-magnet. 

I *465. — S.  W.  M.  de  Sussex,  Brussels.  Lumi- 
I nous  Electric  Buoys.  &c.  2d.  February  5. 

Electric  Light. — The  battery,  constructed  as 
described  in  Patent  No.  2,194  of  1877,  is  connected 
to  a Ruhmkorff  s coil  and  Oeissler’s  tube. 

1 508. — H.  S.  Weyde,  London.  Shades  or  Lan- 
terns for  Electric  Lights,  &c.  Gd.  (I  fig.)i 
February  8. 

Ueflectors. — These  consist  of  an  arrangement 
of  slightly  concave  reflectors  placed  in  parallel  zones 
above  and  below  the  level  of  the  luminous  focus, 
the  upper  set  being  concave  on  their  lower  surface 
and  the  lower  set  on  their  upper  surface.  The  two 
sets  are  separated  by  an  equatorial  prism. 

523.— E.  T.  Bousfield,  Bedford,  and  W.  R. 
Bousfield,  Bristol.  Electric  Light.  Gd. 
(9  figs.)  February  10. 

Dvn.a.mo-Electric  Ge.ver.ator. — The  armature 
is  built  up  of  longitudinal  segmental  W-shaped 
bars  of  soft  iron  in  the  form  of  a drum,  insu- 
lated coils  being  laid  round  the  webs  of  the  bars, 
and  consequently  parallel  to  the  axis  of  the  drum. 
The  bars  are  in  metallic  contact  and  are  secured 
by  two  end  plates  having  annular  recesses  into 
which  their  ends  fit.  One  plate  is  fixed  to  the 
axle  and  the  other  is  forced  against  the  ends  of  the 
bars  by  a nut  working  on  a thread  cut  on  the  axle. 
The  drum  revolves  between  the  poles  of  fixed 
electro-magnets  and  the  currents  are  collected  by 
means  of  a commutator  and  brushes  of  ordinary 
type.  Flat  segmental  bars  may  be  used  and  the 
insulated  wires  placed  so  that  the  periphery  of 
the  drum  would  present  an  unbroken  surface  of 
coils. 

Arc  Ij.vmf. — A standard  mounted  on  .a  base- 
plate carries  a bell-crank  lever  provided  at  its 
forward  end  with  the  positive  carbon-holder  in 
which  the  carbon  is  free  to  slide,  but  is  retained 
l)y  a clip  spring  ; the  pendent  limb  of  the  lever  is 
pressed  by  a coiled  spring  tending  to  bring  the 
carbons  in  contact.  A second  smaller  lever  serves 
to  grip  the  carbon  but  is  withdrawn  by  a spring 
having  an  armature  at  its  tail  end.  An  electro- 
magnet ])laced  in  the  lamp  circuit,  on  the  current 
being  established,  causes  the  small  lever  to  grip 
the  carbon  and  simultaneously  lifts  the  crank  lever, 
thus  drawing  the  arc.  In  a modbication  hoth  car- 
] bons  tend  to  ai)j)roach  each  other  and  arc  connected 
1 together  by  a cord  passing  over  luillcys,  one  end 
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being  fastened  to  a drum.  On  the  drum  spindle 
i.s  a small  toothed  pinion  gearing  into  the  rack  rod 
of  the  upper  carbon-holder,  and  mounted  on  the 
same  spindle  is  a brake  wheel  having  its  periphery 
fitted  with  a number  of  small  armatures  whicli 
come  under  an  electro-magnet  placed  in  the  lamp 
circuit.  The  electro-magnet  acting  on  this  wheel 
draws  up  the  sliding  cage  in  whicii  it  is  mounted, 
thereby  separating  the  carbons  and  establishing 
the  arc.  In  a further  modification  one  end  of  the 
lifting  cage  may  be  pivotted,  in  which  case  tlie  arc 
is  formed  by  the  carbons  being  thrown  out  of  line. 

565. — J.  Form  by,  Formby,  Lancashire.  Dynamo- 
Electric  Machines.  6d.  (.3  figs.)  February 
1.3. 

Dvn.\mo-Electeic  Gexer.\tor. — The  inductors 
consist  of  a number  of  straight  coils  wound  on 
wood  and  arranged  longitudinally  in  the  form  of  a 
drum  ; they  are  supported  in  upright  frames,  and 
have  all  the  N.  poles  and  all  the  S.  poles  grouped 
together,  and  op>posite  their  ends  are  two  annular 
revolving  coils,  also  wound  on  wood  and  mounted 
on  a shaft.  Outside  these  revolving  coils  are  two 
fixed  coils  attached  to  the  frame.  The  ring  cores 
may  be  strengthened  with  metal.  Two  concentric 
rings  formed  of  a number  of  collectors,  are  placed 
on  each  of  the  revolving  coil  frames,  each  piece 
being  connected  to  one  end  of  a coil,  from  which 
the  currents  are  collected  by  ordinary  brushes.  A 
series  of  terminals  are  arranged  on  the  top  of  the 
generator  for  connecting  the  coils  either  in  quantity 
or  tension,  or  for  making  a number  of  circuits. 

644. — J.  F.  Wiles,  London.  Magneto-Electric 
or  Dynamo-Electric  Machines.  6d.  (4 

figs.)  February  18. 

Dynamo-Electric  Generator. — The  field-mag- 
nets  are  mounted  on  a rotating  shaft,  and  revoh'e 
in  the  opposite  direction  to  the  armatures,  which 
are  arranged  in  a ring.  Each  system  has  its  com- 
mutator and  brushes  of  the  usual  kind. 

684. — M.  A.  Wier,  London.  Apparatus  for 
Producing  Light  by  Electricity.  6d.  (18 

figs. ) February  20. 

Arc  Lamp. — The  electrodes  are  formed  of  a 
number  of  small  bars  of  copper,  placed  parallel  to, 
but  insulated  from,  each  other,  and  set  in  the  lamp 
so  as  to  form  a kind  of  inclined  grating,  over  which 
is  passed  a constant  stream  of  finely  divided  carbon 
falling  from  an  upper  hopper  into  a lower  one,  the 
relative  positions  of  the  hojipers  being  periodi- 
cally reversed  by  suitable  mechanical  means ; or 
the  lamp  may,  be  contained  in  a revolving  glass 
cylinder,  the  inner  periphery  of  which  is  fitted  with 
steps  which  carry  the  powder  up  and  deposit  it  in 


the  upper  hopper  ; or  the  cylinder  may  be  plain 
and  rapidly  rotated,  a fixed  stop  sweeping  the 
powiler  off  into  the  hopper  as  it  rises.  'I’he  lamp 
may  consist  of  a cylinder  closeil  at  its  lower  end  by 
a disc  of  glass,  on  -which  is  hud  a (puintity  of  the 
powdered  carbon,  the  electrodes  being  vibrated  in 
close  proximity  to  the  glass  by  an  electro-magnet. 
The  electrodes  may  be  of  conical  form. 

718. — W.  F.  Jack,  London,  and  F.  Greening, 
Southall.  Production  and  Application  of 
Substitutes  for  Collodion.  4d.  February 
22. 

Conductors. — These  may  be  covered  by  a sub- 
stance made  from  a coal  or  wood  fibre,  soluble  in 
alcohol  or  hydro-carbon  oils,  and  formed  into  a 
solution  therein  either  by  itself  or  mixed  with  oils, 
gums,  resins,  baryta,  &c.  The  compound  is  made 
of  such  a consistency  as  to  be  capable  of  being 
formed  into  sheets  by  rolling,  or  the  conductors 
may  be  dipped  into  the  compound  while  it  is  in  a 
liquid  state. 

740 — F.  Mori,  C.  E.  Hallewell,  W.  Milner,  and 
W.  Griffin,  Leeds.  Electric  Lamps.  Od. 
(11  figs.)  February  24. 

Arc  Lamps. — A revolving  commutator,  actuated 
by  a coiled  spring,  carries  several  pairs  of  parallel 
carbons,  and  its  motion  is  controlled  by  a series  of 
stops.  A circular  disc  of  insulating  material  has  a 
central  upright  pillar  with  radial  arms,  to  each  of 
which  is  affixed  a carbon  ; the  other  carbons  are 
carried  by  holders  pivotted  to  pedestals  fixed  to  the 
plate,  terminating  at  their  shorter  ends  in  armatures 
acted  on  by  magnets  attached  to  the  underside  of  the 
plate.  The  coils  of  the  magnets  have  one  of  their 
ends  connected  to  contact  studs  and  the  other  ends 
to  the  pivotted  holders.  A commutator,  insulated 
from  the  upright  pillar,  and  in  permanent  contact 
with  one  of  the  terminals,  has  radial  arms  carrying 
contact  pieces  at  their  ends  so  arranged  that,  on 
the  commutator  revolving,  they  will  mb  over  the 
faces  of  the  magnet  contact  studs.  The  com- 
mutator is  prevented  from  revolving  by  stop-pieces 
mounted  on  vertical  spindles,  through  the  heads  of 
which  pins  pass  bearing  against  the  carbons.  As 
soon  as  one  pair  of  carbons  burns  tlown  to  its  pin, 
a coiled  spring  throws  the  stop  out,  and  the  com- 
mutator moves  forward  to  the  next  pair.  When 
the  last  pair  of  candles  are  consumed,  the  com- 
mutator comes  in  contact  with  a stud  which 
completes  the  circuit. 

749. — C.  Dubos,  Paris.  Galvano-Magneto-Dy- 
namo-Electric  Machine,  (id.  ((jfigs.)  Fe- 
bruary 2.3. 

Dynamo- Electric  Gener.vtor.  — The  electro- 
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magnets  consist  of  a ring  of  soft  iron  divided  l)y 
segmental  collars  into  a number  of  intermediate 
portions,  each  of  which  is  coiled  transversely  with 
insulated  wire  so  as  to  give  alternate  polarity  to 
each  adjacent  pair  of  coils.  A number  of  these 
rings  are  arranged  in  a frame  side  by  side  and  may 
be  separately  excited.  In  the  spaces  between  the 
electro-magnets  revolve  the  armatures,  each  con- 
sisting of  a wooden  boss  carrying  as  many  coils  as 
there  are  divisions  in  each  of  the  annular  electro- 
magnets. The  cores  of  the  coils  are  made  of  tin- 
plate rolled  and  soldered  to  form  hollow  cylinders. 
In  a modification  the  electro-magnets  consist  of  a 
number  of  cranked  bars  coiled  with  insidated  wire 
so  as  to  give  the  cheeks  of  the  cranks  alternate 
polai'ity.  The  coils  of  the  armatures  revolve  be- 
tween these  cheeks.  The  currents  are  collected  by 
an  ordinary  commutator. 

783. — G.  P.  Harding,  Paris.  Obtaining  Elec- 
tric Light.  Gd.  (7  figs.)  February  26. 

Electeodk.s. — These  are  coated  with  lime  or  other 
refractory  material,  or  a metallic  conductor  may 
be  employed  in  place  of  the  carbon.  A sheet  or 
disc  of  lime  is  used  to  reflect  the  light. 

805. — W.  P.  Thompson,  London.  ( IT.  IP.  Gai~y, 
Waxhuifjtoii,  Colnmhia,  U.S.A.)  Magneto- 
Electric  Apparatus.  Cd.  (6  figs.)  February 
28. 

Maoxeto-Electric  Gexer.vtoe.  — This  relates 
to  a generator  involving  the  use  of  a horseshoe 
permanent  magnet  having  the  armature  extended 
across  its  two  poles  ‘ ‘ and  then  arranging  the 
armature  to  move  only  between  the  neutral  line 
and  the  magnet.”  The  instrument  is  chiefly  appli- 
cable to  telegraphic  purposes. 

830. — G.  G.  Andre,  Dorking.  Electric  Lamps. 
8d.  (9  figs.)  March  1. 

Arc  Lamp. — This  is  designed  for  use  in  coal 
mines,  &c.,  and  consists  of  four  vertical  carbons 
fed  down  by  weights  on  to  the  peripheries  of  four 
car  bon  discs;  the  carbons  are  automatically  rendered 
operative  one  at  a time  by  a eommutator,  and  the 
whole  arrangement  is  enclosed  by  a glass  cylinder. 
The  discs  are  eccentrically  mounted  and  an  arma- 
ture actuated  by  an  electro-magnet  coupled  in  the 
lamp  circuit  permits  a spring  to  turn  and  raise 
the  discs  should  the  current  fail,  thus  cleaning  their 
surfaces.  The  tubes  in  which  the  positive  carbons 
sli<le  have  each  at  their  lower  ends  a lever,  the 
outer  and  heavier  end  of  which  serves  to  press 
the  carbon  against  the  lower  part  of  the  tube.  The 
commutator  consists  of  a number  of  electro-magnets 
and  armatures,  one  less  than  the  number  of  sets  of 
carbons  to  be  used,  connected  together  in  such  a 


manner  that  when  one  of  the  earbon  connections 
is  interrupted,  its  electro-magnet  shall  release  its 
armature  which  sends  the  current  through  the 
electro-magnet  of  the  next  carbon,  thus  causing  it 
to  light.  In  another  lamp  the  points  of  the  pivotted 
positive  carbons  incline  to  a central  negative  rod 
and  are  drawn  from  it,  one  at  a time,  in  a similar 
way.  In  another  arrangement  two  discs  of  carbon 
are  a greater  distance  apart  at  their  centres  than 
at  their  outer  periphery,  the  space  between  them 
being  left  empty  or  filled  with  insulating  material, 
and  they  are  mounted  on  a vertical  stem  connected 
at  either  end  to  the  respective  poles  of  the  gene- 
rator. 

863. — C.  D.  Abel,  London.  (J.  C.Jnmin,  Paris.) 
Electric  Lamps.  Cd.  (12  figs.)  March  4. 

Arc  L.vmp. — The  two  carbons  are  placed  parallel 
to,  and  a slight  distance  apart  from  each  other;  the 
current  is  made  to  first  traverse  a wire  loop  placed 
parallel  to  and  on  each  side  of  the  carbons  and 
across  their  terminals,  the  current  flowing  in  the 
same  direction  in  the  loop  and  carbons.  In  another 
lamp  a flat  carbon  plate  presents  its  edge  to  a 
carbon  rod,  the  circuit  wire  passing  from  the  upper 
socket  of  the  rod  parallel  with  the  plate  towards 
its  lower  socket,  where  it  turns  off  at  right  angles. 
The  carbon  rods  may  have  coils  of  wire  round  them 
which  will  cause  the  arc  to  revolve.  The  lower 
carbon  may  be  in  the  form  of  a cylinder  within 
which  is  placed  a block  of  lime.  The  cylinder  is 
within  a solenoid  which  causes  the  arc  formed 
between  the  upper  carbon  and  the  block  of  lime  to 
revolve. 

*876. — J.  B.  Spence,  London.  Electric  Light- 
ing. 2d.  March  5. 

Arc  Lamp. — The  ends  of  the  electrodes  are 
formeil  of  platinum  fitted  in  tubes  in  which  water 
circulates.  A gas  or  other  flame  passing  between 
the  platinum  points  has  the  arc  formed  rvithin  it. 

*920. — B.  G.  Holmes,  Leytonstone.  Globes  or 
Shades  for  Lamps.  2d.  March  8. 

Reelector.s. — The  upper  part  of  a globular  en- 
velope is  constructed  of  white  glazed  earthenware, 
the  lower  part  of  clear  glass.  The  parts  may  be 
separate  and  suitably  joined  together. 

925. — K.  W.  Hedges,  London.  Electric  Lamps. 
Gd.  (3  figs.)  March  8. 

Arc  Lamp.-  -The  carbons,  rendered  partly  mag- 
netic, slide  freely  towards  each  other  in  guide 
tubes,  so  that  their  points  meet,  or  one  may  be 
stationary  or  moved  by  a spring,  n hile  the  other 
descends  by  its  own  weight.  Near  the  carbons  arc 
electro-magnets,  placed  in  the  lamp  circuit,  M’hich 
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attract  them,  and  so  stop  their  advance  when  the 
current  is  strong.  One  guide  tube  is  pivottod,  and 
this  is  attracted  laterally  by  an  electro-magnet 
opposed  by  a spring  on  current  being  admitted  to 
tlie  lamp  ; the  carbons  are  thus  separated  and  the 
arc  established. 

*927. — R.  C.  Thompson,  London.  Electric 
Light.  2d.  March  S. 

Electrope.s. — These  consist  of  powdered  carbon 
placed  in  tubes,  preferably  of  carbon  also,  and  fed 
to  the  arc  by  a “ screw  conveyor  ” or  by  gravity. 

947. — H.  J.  Haddan,  London.  ((7.  F.  Bru.iJi, 
Cleveland,  Ohio,  U.S.A.)  Apparatus  for 
Electric  Lighting.  8d.  (20  figs.)  March  11. 

Arc  Lajir. — The  upper  carbon  is  provided  with 
a mechanism  which  alternately  keeps  it  stationary, 
and  allows  it  to  drop  while  theloM'er  carbon  is  fed, 
by  the  resultant  force  of  magnetism  caused  by  the 
.passage  of  the  current  through  two  coils,  one  in  the 
main  circuit  and  one  in  a shunt  circuit.  As  will 
be  seen  by  reference  to  the  illustration,  a suitable 
base  K has  attached  to  it  a metallic  p>ost  E,  carry- 


ing an  arm  x,  through  which  the  upper  carbon- 
holder  B slides  ; this  holder,  or  rod,  is  surrounded 
by  a ring  clamp  H,  supported  on  projections 
attached  to  the  arm  x ; a loose  tube  I surrounding 
the  rod  prevents  the  clamp  being  carried  up  with 
it.  D is  an  iron  core  rigidly  attached  to  the  tube 
M,  terminating  in  the  carbon-holder  L ; c are  arms 
which,  by  means  of  the  spiral  springs  C,  support  and 


force  upwardsthe  coreD,  and  with  it  the  carbon  F‘ ; 
F are  adjusting  screws.  The  arm  (i,  carried  l)y  the 
carbon-holder  L,  passes  at  its  upper  end  through 
a hole  in  the  clamp  II,  provided  with  an  insuhiting 
piece  at  vj.  The  adjustable  collar  n is  so  ]daced 
that  the  core  D,  at  the  limit  of  its  upward  move- 
ment, slightly  raises  the  clamp  H.  The  coarse 
wire  helix  A has  one  of  its  ends  attached  to  the 
binding  post  N,  the  other  in  connection  with  the 
lower  carbon-holder.  The  fine  wire,  or  adjusting 
helix  I,  is  wound  in  the  opposite  direction  to  A, 
and  its  ends  are  connected  to  the  posts  P and  N. 
P is  a binding  post  attached  to  tlie  post  E.  To 
adjust  the  carbons  the  aim  x is  provided  with  a 
slot,  and  is  clamped  on  post  E by  the  nut  y.  When 
the  lamp  is  not  in  use,  the  spring  C forces  the  core  T) 
upwards,  tlie  collar  n on  arm  G raises  the  end  of  the 
clamp  H,  and  the  rod  B is  released  and  falls  until 
the  carbons  F F'  are  in  contact.  In  a modification 
the  arm  G is  dispensed  with,  and  the  fine  wire  helix 
arranged  as  a solenoid  actuates  a core  attached  to 
the  ring  clamp,  or  the  lower  carbon  is  fixed  and  the 
coarse  wire  helix  and  core  abolished,  the  fine  wire 
helix  being  used  to  actuate  the  ring  clamp.  Various 
methods  of  combining  the  coarse  and  fine  wire 
helices  may  be  used.  The  invention  also  relates  to  a 
method  of  shunting  the  current  from  any  lamp  in  a 
circuit  when  its  resistance  becomes  too  high.  This 
is  acconip>lished  by  a high  resistance  magnet,  which 
attracts  an  armature,  and  so  opens  another  path 
for  the  current.  In  the  path  so  opened  is  a second 
low  resistance  magnet,  which  serves  to  maintain 
the  armature  in  its  new  position. 

959.  — H.  Haymen,  London.  Preventing  Incrus- 
tation of  Metallic  Surfaces,  &c.  4d.  March 
11. 

Conductors. — A composition  for  insulating  con- 
ductors is  composed  of  a mixture  of  pyroxiline, 
with  an  earthy  or  other  pigment,  thinned  by  the 
addition  of  a volatile  spirit,  to  which  is  added 
glycerine,  oil,  caoutchouc  and  gum,  resin,  or  gela- 
tine. The  conductor  is  passed  through  a bath  of 
the  liquid  composition. 

960.  — L.  Simon,  Nottingham.  (S.  Sehucher/, 

Kiirnhery.)  Dynamo  - Electric  Machines. 
6d.  (.3  figs. ) March  11. 

Dynamo-Electric  Gener.vtor.  — A flat  ring 
armature  is  made  up  of  several  sheet-iron  discs 
magnetically  separated  from  each  other.  The  coils 
consist  of  “ copper  wire  or  any  other  good  con- 
ductor wound  about  the  iron  ring.”  The  pole 
plates  of  the  horizontal  electro-magnets  face  the 
ring  and  cover  two-thirds  of  its  entire  surface. 
The  “brushes  consist  of  a nundier  of  insulated 
metallic  pieces,  each  one  connected  witli  a con- 
ducting wire  coming  from  the  revolving  armature.” 
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■*988.  M.  Birkhead,  Liverpool.  Utilisation  of  ! 
the  Fall  of  Sewage  for  Motive  Power.  ‘iJ. 
Marcli  13. 

Klkctkic  LiciiiT. — Motors,  preferably  ordinary 
vorte.x  wheels,  are  placed  in  the  conduits  of  the 
sewers.  “One  main  use  for  these  sewer  motors 
will  he  in  working  dynamo-electric  machines  for  ' 
the  electric  light.” 

*1,012. — A.  L.  Coke,  Bristol.  Electric  Lighting. 

2d.  March  14. 

Current  Divider. — “ The  contact  may  be  made 
and  broken  in  any  of  the  well-known  ways  aided 
by  machinei’y  of  any  convenient  kind,”  to  enable 
the  whole  current  “ to  be  fully  turned  on  to  each 
light  or  series  of  lights  in  succession.” 

*1,110. — G.  B.  Finch,  London.  Cutting  Coal. 

2d.  March  20.  I 

Elei’tko-Dynajiic  Motor.s. — These  are  used  to  | 
drive  boring  bars,  the  current  is  supplied  from  a 
generator  situated  on  the  surface. 

*1,122. — St.  G.  L.  Fox,  London.  Electric  Light. 

2d.  March  20. 

Incande.scence  L.vmp. — The  filament  is  composed 
of  two  highly  refractory  materials,  one  a conductor 
such  as  plumbago,  and  the  other  a non-conductor 
such  as  magnesia,  zirconia,  or  steatite,  ground 
together  to  a very  fine  powder,  slightly  moistened, 
and  then  formed  to  the  shape  required  under  great 
pressure.  The  surface  may  be  coated  with  hard 
carbon  liy  sending  a current  through  the  filament 
while  it  is  immersed  in  a heavy  hydro-carbon.  Each 
end  of  the  filament  is  connected  to  a piece  of  plum- 
bago which  may  be  held  by  metallic  clips,  or  sup- 
ported loosely  in  metallic  supports  having  sufficient 
play  to  allow  of  the  insertion  of  the  “candle”  be- 
tween them,  or  they  may  enter  passages  in  a block 
of  steatite.  The  parts  are  hermetically  enclosed 
within  a glass  globe  from  which  all  traces  of 
oxygen  have  been  removed. 

*1,158. — J.  Dove,  London.  Motive  Power.  2d. 
March  24. 

Motive  Bower. — The  rise  and  fall  of  a pontoon 
placed  in  a tidal  stream  “ can  be  used  for  gene- 
rating electricity.” 

1,175. — J.  Imray,  London.  {Socivfd  Ovnvrah  d’Eler- 
I’rocOldn  .lult/ochkojf,  J^ariK).  Electric 
Candles,  (id.  (10  figs.)  March  24. 

C.^NOLE.s.  — Two  metallic  wires  arc  placed  paral- 
lel, or  slightly  inclineil  to  each  other,  and  each  is 
enclosed  in  an  insulating  envelope  of  carbona- 
ceous matter,  such  as  anthracite,  moulded  to  a 
cylindrical  form,  witli  a thin  middle  rib.  'I’wo  or 


more  wires  may  be  used  for  each  “ wick,”  and  the 
insulating  material  may  have  ingredients  which 
undergo  chemical  reaction  and  produce  increased 
light.  To  provide  for  the  I'ekindling  of  the  candle 
metallic  particles  are  mixed  with  the  insulating 
material.  The  several  candles  in  one  lantern  are 
all  connected  to  the  circuit  wires,  but  have  different 
resistances  at  their  points  ; the  one  of  least  resist- 
ance lights  first,  and  so  on. 

1,207. — T.  A.  Dillon,  Dublin.  Producing  Elec- 
tric Lights.  4d.  March  2G. 

Electric  Light. — An  engine  serves  to  compress 
air  which  is  distributed  to  the  houses  by  pipes. 
Each  house  is  provided  with  a generator  driven  by 
the  compressed  air,  and  lamps  of  any  known  type 
are  used.  The  waste  heat  from  chimneys,  gas 
lamps,  &c.,  may  be  utilised  to  produce  the  neces- 
sary steam.  The  turnstiles  at  theatres,  or  “the 
rush  of  crowds  up  and  down  stairs  may  be  thus 
simply  utilised.” 

1,347. — T.  A.  Dillon,  Dublin.  Transmitting 
Messages  and  Printed  Matter,  &c.,  by 
Electrical  Cables,  fid.  April  4. 

Electric  Light. — To  record  telegraphic  signals 
an  electric  light  is  reflected  by  a mirror  galvano- 
meter on  to  a series  of  plates  rendered  photographi- 
cally sensitive. 

*1,387. — A.  W.  Lake,  London.  {X.  S.  Keith, 
Xeio  Yo)'k,  U.S.A.)  Dynamo  and  Magneto- 
Electric  Machines  for  Lighting,  Plating, 
&C.  4d.  April  8. 

Dvnamo-Electric  Generator. — The  space  in 
w'hich  the  armature  revolves  is  of  such  shape  that 
the  points  of  greatest  magnetic  attraction  are  close 
to  the  armature,  while  the  points  of  least  attraction 
are  further  away,  the  space  approaching  the  form 
of  an  ellipse.  Various  polygonal  forms  may  also 
be  used.  The  polar  ends  of  the  armature  cores  are 
made  of  not  greater,  and  even  of  less,  sectional  area 
than  the  body  of  the  core.  The  “contrary  cur- 
rents ” generated  in  the  coils  of  the  elcctro-nuuincts 
are  diverted  by  a rotary  circuit  maker  and  breaker 
into  a shunt  external  to  the  main  circuit.  The 
circuit  maker  consists  of  a cylinder  fastened  on  the 
axis  of  the  armature,  upon  the  periphery  of  which 
are  attached  a number  of  brass  plates  cipial  to 
double  the  number  of  the  pole  ends  of  the  armature 
to  which  they  are  attached.  Alternate  plates  are 
electrically  connected  while  the  intermediate  plates 
are  insulated  from  each  other.  Brushes  eoiineeted 
to  the  shunt  press  on  this  commutator. 

Arc  Lajii’. — A toothed  wheel  has  a ilrum  on 
each  si<lc  of  it,  and  fastened  on  the  same  axle, 
one  drum  being  twice  the  diameter  of  the  other. 
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The  carbon-holders,  one  of  which  is  heavier  than 
the  other,  are  connected  to  these  drums  l)y  cords, 
and  a rocking  lever  armature  actuated  by  an  electro- 
magnet opposed  by  a spring  engages  in  the  teetli 
of  the  wheel,  serving  to  separate  and  keep  the 
carbons  apart  so  long  as  current  passes.  When  tlie 
current  ceases  the  spring  repels  the  armature,  and 
the  carbons  run  together  by  gravity. 

*1,445. — J.  Whiteley,  Rochdale.  Obtaining  Mo- 
tive Power.  *2d.  April  10. 

Motok. — “ Static  electricity,  positive  and  nega- 
tive, may  be  used  in  place  of  magnetism,  north  and 
south,  but  contact  must  be  avoided  to  prevent  the 
recomposition  of  the  two  electricities.” 

1,476. — H.  J.  Haddan,  London.  (A.  J7.  /fo-sc- 
hnujh,  Toronto,  Canada.)  Telephones,  &c. 
6d.  (10  figs.)  April  16. 

M.vgneto-Elix'tric  Gener.\tou.  — A rotating 
spindle  carries  an  arm  on  which  are  mounted  two 
small  electro-magnets  revolving  in  close  proximity 
to  the  polar  faces  of  a flat  horseshoe  magnet.  The 
cuirents  are  collected  from  a commutator  arranged 
in  the  usual  manner. 

*1,622. — R.  C.  Thompson,  London.  Producing 
Electric  Light.  2d.  April  24. 

Electrodes. — Carbon  in  a plastic  state  is  fed 
to  the  arc  through  tubes,  or  tubular  carbons  may 
have  a suitable  dowirward  inclination  to  one  an- 
other, and  powdered  carbon  may  flow  don  n them 
in  a continuous  stream. 

1,635. — J.  Mackenzie,  London.  Electric  Light 
Apparatus.  Cd.  (5  figs.)  April  25. 

Arc  Lamp. — The  upper  carbon  is  carried  in  a tubu- 
lar holder  pivotted  to  the  end  of  a lever  moving  on  a 
central  axis,  the  other  end  of  the  lever  being  the 
armature  of  an  electro-magnet.  On  the  opposite 
side  of  the  tubular  holder  a small  lever  is  mounted 
having  its  outer  end  depressed  by  a weight;  its 
shorter  end  bears  against  the  carbon  and  securely 
holds  it  in  the  tube.  On  the  failure  of  the  current 
the  magnet  releases  the  lever  and  the  tubular 
holder  falls  ; the  outer  end  of  the  small  lever  is 
then  lifted  by  an  adjustable  stop-piece  and  the 
upper  carbon  falls  on  to  the  lower  one.  The  lower 
carbon  is  fed  up  by  being  mounted  in  a tubular 
holder  having  a screw-rod  at  its  lower  end,  which 
rod  is  slotted  from  end  to  end  and  has  a pin  engag- 
ing in  the  slot  to  prevent  its  rotating.  Tlie  holder  is 
caused  to  revolve  by  a ratchet  and  pawl  actuated 
by  a second  electro-magnet,  thus  causing  the  screw- 
rod  to  rise  and  with  it  the  lower  carbon.  In  a 
modification  the  lower  carbon  is  forced  upw  ards  by 
a spiral  spring  and  retained  by  a cord  wound  round 


a roller  controlled  by  an  escape  wheel  and  pallets 
actuated  by  an  electro-magnet.  The  same  electro- 
magnet may  operate  a rod  which  ser\  es  to  regulate 
the  feed  of  the  upper  carbon. 

1,692. — J.  S.  Sellon  and  H.  Edmunds,  London. 
Regulating  Electric  Currents.  6d.  (5  figs.) 
April  .30. 

Automatic  Switch. — This  consists  of  a rectan- 
gular frame  on  which  is  mounted  a spring  contact 
piece  retained  by  a fine  tension  wire  through  which 
the  current  passes.  When  the  current  is  exces- 
siv'e  the  tension  wire  expands  and  allows  con- 
tact to  be  made  with  a stud,  tlius  cutting  out  of 
circuit  the  lamps.  The  switch  may  be  placed  so 
as  to  interrupt  the  exciting  current  supplied  to  a 
number  of  generators.  A switch  may  be  employed 
to  automatically  place  more  resistance  in  circuit  by 
making  contact  with  a series  of  contact  pieces  to 
which  fine  wires  leading  to  the  main  circuit  are 
attached. 

Rheo.stat. — This  is  an  arrangement  of  resistance 
whereby  an  equivalent  amount  of  resistance  is  put 
in  circuit  on  switching  out  a lamp.  The  lamps 
being  in  the  circuit  of  the  induced  current  and  the 
resistances  in  the  circuit  of  the  exciting  current, 
the  generation  of  the  current  is  so  controlled  as  to 
limit  the  production  to  the  requirements  of  the 
work. 

*1,791. — J.  S.  Sellon  and  H.  Edmunds,  London. 
Electric  Lamps.  2d.  INIay  6. 

IxcANDESCEXCE  Lamrs. — Where  lamps  requiring 
different  currents  are  to  be  placed  in  the  same  circuit 
those  requiring  less  current  have  a number  of  fine 
wires  connecting  the  two  sides  of  the  space  bridged 
over  by  the  incandescent  filament,  which  wires  carry 
over  the  surplus  current.  A spring  retained  by  a 
tension  wire  cuts  the  filament  out  of  circuit  should 
the  current  become  excessive.  In  a lamp  contain- 
ing two  filaments  the  second  is  brought  into  circuit 
on  the  fusion  of  the  first.  Three  posts  ai-e  em- 
ployed for  carrying  the  filaments,  two  fixed  and 
one  jointed.  The  first  of  the  fixed  posts  is  con- 
nected with  one  end  of  each  of  the  filaments,  tlie 
other  ends  being  connected  to  the  jointed  and 
second  fixed  post  respectively.  The  jointed  post 
is  fitted  with  a spring  which  on  the  breaking  of  its 
filament  causes  it  to  make  contact  with  the  second 
post. 

*1,949. — J.  S.  Sellon  and  H.  Edmunds,  London. 
Apparatus  for  Generating  Electric  Cur- 
rents. 2d.  May  15. 

Maoxeto-Electric  Generator. — Mounted  on 
either  side  of  an  annular  armature  are  a number  of 
electro-magnets,  the  poles  of  which  are  shaped  to 
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embrace  tlie  armature.  The  magnets  are  so  coiled 
that  those  on  one  side  are  all  of  one  polarity  and 
those  on  the  other  side  are  of  opposite  polarity. 
The  armature  is  composed  of  a number  of  short 
segment-shaped  bobbins  of  soft  iron  provided  with 
end  flanges  and  wound  with  insulated  copper  wire, 
the  terminal  wires  being  connected  either  in  groups 
or  in  series,  or  in  the  form  of  independent  circuits. 
The  magnets  and  armature  are  made  to  rotate  in 
opposite  directions. 

1,959. — J.  Hopkinson,  London.  Electric  Lamps. 
4d.  (1  fig.)  May  16. 

Arc  L.\mp. — Points  of  the  main  circuit  on  oppo- 
site sides  of  the  arc  are  connected  by  a fine  wire, 
forming  an  electro-magnet  or  solenoid.  MTien  the 
distance  between  the  carbons  becomes  too  great 
the  electro-magnet  or  solenoid  actuates  a suitable 
switch  whereby  the  main  magnet  of  the  lamp  itself 
is  short-circuited  and  the  carbons  are  permitted  to 
approach  each  other. 

1,969. — A.  Longsdon,  Loudon.  (A.  Krup2^, Essen.) 
Electric  Light  Apparatus  or  Lamps.  6d. 
(4  figs.)  May  16. 

Arc  L.\jip. — The  core  of  a solenoid  actuates  a 
lever  connected  to  tlie  lower  carbon-holder  and  also 
connected  by  a rod  to  a clamping  device  attached 
to  the  upper  carbon-holder.  On  completing  the 
circuit  the  solenoid  draws  down  the  lever  and 
with  it  the  lower  carbon,  clamping  at  the  same 
time  the  upper  carbon,  and  tlius  establishing  the 
arc.  In  a modification  the  clamping  arrangement 
is  actuated  by  an  electro-magnet  placed  in  the 
main  circuit  which  releases  the  upper  carbon  when 
the  current  becomes  weakened. 

*1,971. — A.  M.  Clark,  London.  (Ah  E.  Ecynier, 
Paris).  Lighting  by  Electricity.  8d.  (8 

figs.)  May  16. 

Automatic  Switch. — A number  of  change  lamps 
are  provided  and  switched  in  to  replace  any  other 
lamp  that  may  l>e  extinguished.  Each  of  the 
change  lamps  is  placed  in  a derivation  of  tlie  main 
circuit,  and  in  eacli  of  the  derivations,  except  the 
last  one,  electro-magnets  are  placed,  which  open 
the  circuit  of  the  succeeding  lamp  when  they  arc 
magnetised,  and  close  it  when  they  are  demag- 
netised. 

*2,000. — J.  Cougnet,  Brussels.  Electric  Lamps. 
2d.  May  20. 

Arc  Lamp. — 'i'he  lower  carbon  is  fed  up  by  a 
cord  and  weight  passing  over  a pidley.  A spring- 
controlled  lever  armature,  attracted  by  an  electro- 
magnet in  the  lamp  circuit,  acts  as  a break  on  the 
peripliery  of  the  pulley.  The  upper  pole  consists 


of  a block  of  carbon  let  into  a hemispherical  polished 
metal  holder.  For  use  in  mines  the  lamp  is  placed 
in  a glass  globe,  and  the  lower  carbon  rests  in  and 
is  fed  up  by  mercury  contained  in  a cylinder. 

2,016. — F.  Saunders  and  L.  Danckwerth,  St. 
Petersburgh.  Compound  for  Insulating, 
&c.  2d.  May  21. 

Insulating  Compound. — One-third  by  weight  of 
a mixture  of  equal  parts  of  vegetable  tar  oil  and 
coal-tar  oil,  is  heated  in  a boiler  with  another  third 
of  hemp-seed  oil,  at  a temperature  of  about  140 
degrees  C.,  until  the  mass  becomes  stringy.  There  is 
then  added  the  last  third  by  weight  of  boiled  lin- 
seed oil.  With  this  composition  is  mixed  five  to  ten 
per  cent,  of  ozokerit  and  a little  spermaceti,  the 
mass  being  again  exposed  to  the  same  temperature 
for  several  hours,  and  finally  about  one-twelfth 
jiart  by  weight  of  sulphur  is  added. 

2,019. — J.  Chretien  and  C.  Felix,  Paris.  Trac- 
tion Machinery,  fid.  (9  figs.)  May  21. 

Transmission  of  Power. — The  currents  pro- 
duced by  generators  are  used  to  work  motors 
adapted  to  drive  the  various  machinery  used  in 
tunber  yards,  railways,  mines,  agriculture,  &c. 

2,040. — J.  L.  Haddan,  London.  Traction  and 
Ways.  lOd.  (43 figs.)  May  22. 

Electric  Eailways. — The  trains  may  be  driven 
by  a Gramme  or  other  suitalile  generator  used  as  a 
motor,  or  an  iron  piston  may  be  forced  along  a dia 
magnetic  tube  forming  tlie  rail,  the  poles  of  electro- 
magnets fixed  to  the  carriages  exerting  an  attrac- 
tive influence  on  the  pistons.  The  current  may  be 
generated  by  a thermopile  carried  on  the  train. 

2,060. — A.  F.  Blandy,  London.  Apparatus  for 
Electric  Lighting,  fid.  (2  figs.)  May  23. 

Regulating  Currents. — A “governor”  for 
regulating  the  currents  to  lamps  in  the  brushes  of 
a divided  circuit,  is  formed  of  a soft  iron  core  slid- 
ing in  a tube,  round  which  wires  are  wound  parallel 
to  each  other,  and  connected  to  the  branches,  so 
that  the  currents  shall  traverse  the  coils  in  opposite 
directions,  thus  “making”  the  circuit  in  one 
branch,  sets  up  a momentary  induced  current  in  the 
other,  which  maintains  the  arc  situate  in  that 
branch,  while  the  electrodes  of  the  second  lamp 
touch  and  separate.  The  core  may  be  counter- 
balanced to  withdraw  it  when  both  branches  are  at 
work,  the  current  in  either  branch  attracting  it 
when  only  one  branch  is  at  work. 

2,110.— C.  W.  Siemens,  London.  Producing 
Light  and  Heat  by  Electricity.  lOil.  (12 
figs.)  jUay  27. 
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Arc  L.vmi>. — The  lower  terminal  is  water-eased 
and  eonsists  of  an  iron  wire  fed  up  l>y  a spring 
through  a thin  copper  tube  surrounded  by  another 
tube  of  larger  diameter,  a constant  flow  of  water 
being  maintained  through  the  annular  space  be- 
tween the  two  tubes.  The  upper  carbon  is  free  to 
slide  down  a tube  having  longitudinal  internal  pro- 
jections and  is  clamped  in  the  tube  by  its  lower  end 
resting  against  the  platinum  tip  of  an  abutment 
pole  screwed  oblicpiely  through  an  eye  at  the  lower 
end  of  the  casing.  To  this  eye  is  attached  a convex 
facing  of  porcelain.  The  upper  carbon  tube  is  fixed 
at  the  end  of  a lever  pivotted  on  the  frame  and  is 
suspended  by  a thin  metal  strip  forming  part  of 
the  lamp  circuit,  which  by  its  expansion  and  con- 
traction regulates  the  length  of  the  arc,  or  the 
tube  may  have  on  its  outer  surface  a casing  of 
soft  iron  sliding  within  a high  resistance  solenoid 
coupled  in  across  the  arc.  The  tube  and  carbon 
are  counterbalanced  by  an  adjustable  weight  on  a 
lever.  The  top  of  the  tube  is  attached  to  a flexible 
diaphragm  forming  the  cover  of  an  air  vessel  having 
a small  air-hole  which  acts  as  a dash-pot  against 
the  action  of  the  solenoid.  In  a modification  both 
poles  are  of  carbon,  the  lower  one  being  fed  up  by  a 
weight  against  two  oblicpie  screws  which  press  it 
against  two  chisel  edges.  The  upper  carbon  has 
let  into  a groove  on  one  side  of  it,  a strip  of  zinc 
or  other  easily  fused  metal  which  rests  against  the 
edge  of  the  hole  in  the  reflecting  shield,  and  which 
as  it  fuses  allows  the  carbon  to  descend.  Two 
weighted  levers  pressing  against  the  carbon  near 
its  point  make  electrical  contact  with  it.  Both 
carbon-holders  are  attached  to  arms  of  bell-crank 
levers,  the  other  arms  of  ^^■hich  are  connected 
by  a non-conducting  link.  One  lever  carries  a 
weight,  and  its  extended  end  rests  in  the  loop 
of  a platinum  wire  in  the  circuit,  the  tension  of 
which  is  adjustable,  and  which  by  its  expansion 
and  contraction  under  the  heating  due  to  the 
current  regulates  the  length  of  the  arc.  In  a 
further  modification  the  horizontal  carbons  are  fed 
forward  by  volute  springs,  their  front  ends  abut- 
ting against  adjustable  chisel  edges.  The  line 
wires  are  flexibly  connected  to  the  carbon  guide 
tubes,  and  these  are  linked  to  the  vertical  arms  of 
counterweighted  bell-crank  levers,  on  the  hori- 
zontal arms  of  which  bears  a disc  of  non-conduct- 
ing material  attached  to  the  core  of  a high  resistance 
solenoid  coupled  as  a shunt  to  the  arc  ; the  core  is 
prolonged  upwards,  and  has  attached  to  it  a piston 
working  in  an  air  cylinder  ; its  upper  end  terminates 
in  a cup  in  which  shot  is  placed  for  adjustment. 
The  arc  may  be  used  for  heating  a crucible. 

2,111. — W.  R.  Lake,  London.  (J.  PuvUland  and 
T.  Kaphaiil,  Parin.)  Electric  Lighting  Ap- 
paratus. Cd.  (ofigs.)  May  27. 


Arc  Lamp. — Circular  carbons  arc  fixed  in  holders 
at  the  ends  of  two  counterpoised  railius  bars 
mounted  on  axes  sustained  by  supports  fixed  to 
the  frame  of  the  lamp,  and  a regulating  slide  per- 
mits of  the  adjustment  of  the  bars  according  to  the 
radius  of  the  carjjon  rings.  On  pulleys  attached  to 
the  axes  metallic  chains  are  wound  which  pass 
over  guide  pulleys  to  a wooden  crossbar  and  are 
attaclied  by  cords  to  weights  tending  to  keep  the 
carbons  in  contact.  A magnet  is  placed  in  the 
main  circuit,  and  by  means  of  an  armature  actuat- 
ing a balanced  lever  tends  to  separate  the  carbons. 
The  balanced  lever  is  pivotted  and  provided  with 
spring  pawls  which  engage  with  ratchet-wheels  on 
the  axes  of  the  carbon-holders  to  separate  the  car- 
bons but  become  disengaged  on  the  reverse  stroke 
of  the  lever. 

*2,199. — I.  Furstenburgh, Bradford.  {L.  Siemens, 
Charlottenhimj).  Lighting  by  Electricity. 
2d.  June  .3. 

Carbons. — These  are  provided  with  a “wick” 
of  glass  or  other  vitreous  substance. 

2,267. — G.  Grant  and  R.  Sennett,  London. 
Illuminating  by  Electricity.  2d.  June  9. 

Elkctrodes. — These  are  made  hollow,  and  gas 
or  finely  divided  substances  are  passed  through 
them  to  the  arc.  Hollow  platinum  electrodes  may 
also  be  used. 

2,301. — R.  Werdermann,  London.  Apparatus 
for  Electric  Lighting.  Cd.  (6  figs.)  June  10. 

8emi-Ixcani)E.scence  Lamp. — This  relates  chiefly 
to  improvements  on  Patent  No.  2,477  of  1878.  The 
counterpoised  arm  holding  the  upper  carbon  disc  is 
pivotted  to  a sleeve  slidingon  an  upright  pillarwhich 
is  so  adjusted  that  the  disc  shall  alu  ays  rest  on  the 
point  of  the  lower  carbon  ; this  is  fitted  to  slide 
through  guides  pivotted  together  so  as  to  be  clamped 
round  the  carbon  I'od.  The  pivotted  arm  of  the 
carbon  disc  is  attached  by  a rod  to  the  longer  arm 
of  a lever,  the  shorter  arm  of  which  is  prolonged  as 
a spring  having  at  its  upper  part  a set  screw,  bear- 
ing against  the  lower  carbon,  and  so  regulating  its 
feed.  When  the  lower  carbon  is  totally  consumed 
this  lever  makes  contact  with  a stud,  thus  opening 
a by-path  for  the  current.  In  a modification  the 
spring  is  attached  to  the  pivotted  arm  direct,  and 
bears  through  a block  of  insulating  material  on  the 
lower  carbon.  The  spring  short-circuits  the  lamp 
when  the  lower  carbon  is  consumed.  The  weight  of 
the  pivotted  arm  may,  by  means  of  a link  and  lever, 
be  made  to  grip  the  lower  carbon,  a short  circuit 
being  established  as  before  on  the  consumption  of 
the  lower  carbon.  The  clamping  ring  of  the  disc 
is  supported  in  centres  in  such  a manner  that  its 
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weight  preponclei'ates  on  the  side  in  contact  with 
the  lower  carbon.  The  spring  is  mounted  on  the 
clamping  ring,  and  bears  against  the  carbon.  The 
pivotted  arm  is  connected  to  a lever  on  which  arc 
mounted  two  adjustable  spring  rollers  gripping  the 
lower  carbon. 

Keflector.s. — These  consist  of  an  opal  glass  dish 
placed  under  the  light,  and  a bi  oad  deflector  placed 
above  the  light. 

2,317. — C.  F.  Heinrichs,  London.  Puncturing 
or  Perforating  Materials  for  Use  as 
Stencils.  6d.  (24  figs.)  June  11. 

Electro-M.4.gnetic  INIotob. — A small  motor, 
consisting  of  two  vertical  electro-magnets,  has  a 
rotating  armature  fixed  to  the  stylus  of  the  pen  ; 
the  reciprocating  motion  is  given  by  a double  in- 
clined plane,  over  which  the  armature  runs  on  suit- 
able rollers,  or  the  electro-magnets  may  revolve, 
the  armature  being  fixed. 

2,321. — J.  D.  F.  Andrews,  Charlton.  Produc- 
tion and  Regulation  of  Electricity  for 
Illumination.  6d.  (16  figs.)  June  11. 

Dynamo-Electeic  Generator. — The  rotating 
armature  consists  of  a long  cylinder  having  a 
number  of  iron  cores  mounted  on  its  surface, 
parallel  to  the  axis  and  wound  lengthways  with 
coils  of  insulated  wire.  The  coils  are  connected  to 
a suitable  commutator,  whence  the  currents  are 
collected  in  the  usual  way.  Two  stationary  electro- 
magnets extend  radially  on  each  side  of  the  arma- 
ture, their  outer  ends  being  connected  by  iron  so 
as  to  form  a eomplete  horseshoe.  A commutator 
for  varying  the  power  of  the  lights  consists  of  a 
cylinder,  part  of  which  is  of  conducting  and  part  of 
non-conducting  material,  and  against  this  press  a 
number  of  springs,  each  connected  to  a separate 
set  of  coils  on  the  generator.  By  turning  the 
cylinder  more  or  less  round  a greater  or  less  current 
is  put  into  the  circuit.  In  another  form  slides  are 
provided,  consisting  of  two  metallic  plates  in  con- 
nection with  the  lamp  terminals,  and  insulated 
from  each  other,  which  are  pushed  between  springs 
connected  to  separate  sources  of  electricity.  In  a 
commutator  for  altering  the  connections  of  a num- 
ber of  wires  into  wholly  or  partly  parallel  circuits 
or  series,  a sliding  non-conducting  plate  has  a 
nundjer  of  metal  strips  fixed  on  it.  The  lamp  wires 
are  connected  to  pieces  fixed  on  the  sliding  plate, 
and  a number  of  contact  springs  connected  to  sepa- 
rate sources  of  electricity  arc  arranged  so  as  to 
make  contact  with  them,  and  by  bringing  different 
combinations  of  the  springs  in  contact  with  the 
strips  the  current  in  the  line  wires  is  varied  as 
desired. 

Arc  Lame. — The  carbons  are  placed  vertically 


one  over  the  other ; the  upper  one  is  held  by  fric- 
tion between  rollers,  one  of  which  is  on  the  shaft  of 
the  armature  of  a magneto-electric  motor  having  its 
coil  in  the  lamp  circuit.  The  action  of  the  motor 
is  to  separate  the  carbons,  whilst  the  weight  of  the 
upper  carbon  brings  them  together.  Two  horizontal 
carbon  plates  meet  and  form  the  -f  electrode,  and 
a third  parallel  lower  plate  presents  its  end  to  their 
junction  and  forms  the  — electrode.  The  distance 
of  the  lower  plate  from  the  others  is  automatically 
regulated  by  an  electro-magnet  having  its  coil  in 
the  lamp  circuit.  The  — electrode  may  be  at  right 
angles  to  the  two  plates.  In  another  lamp  the 
lower  carbon  is  mounted  on  a lever  which  has  arma- 
tures on  each  side  of  its  fulcrum  acted  on  by  two 
electro-magnets,  the  second  of  which  has  at  its 
lower  end  an  armature  making  contact,  when  not 
attracted,  with  a stud.  When  the  current  tra- 
verses the  line  wire,  the  first  magnet  raises  the 
lower  carbon  and  establishes  the  arc.  The  current 
passes  through  the  carbons,  and  also  through  the 
second  magnet,  which  attracts  its  armature  from 
the  stud,  and  so  cuts  the  first  magnet  out  of  circuit. 
The  automatic  adjustment  of  the  lower  carbon  is 
then  carried  on  by  the  second  magnet,  which  also 
maintains  the  feed  by  a spring  pawl  acting  on  a 
toothed  rack.  In  another  lamj)  two  vertical  plates 
of  carbon  have  a central  plate  between  them  ; all 
are  insulated  from  each  other,  the  outer  plates 
being  connected  to  an  alternating  current  gene- 
rator. A rod  of  earbon  attached  to  the  armature 
of  an  electro-magnet  in  the  lamp  circuit  establishes 
the  arc  between  the  plates.  The  plates  may  be 
duplicated.  Two  discs  may  be  used,  one  a little 
below  and  parallel  to  the  other,  and  carried  by  a 
rod  passing  through  the  tubular  support  of  the  first. 
A few  turns  of  wire  about  the  tube  cause  the  arc 
to  rotate.  In  a modification  the  rod  is  free  to 
move,  and  is  attracted  by  a magnet,  thus  bringing 
the  carbons  together  and  putting  a second  magnet 
in  circuit,  which  breaks  the  circuit  of  the  first 
magnet,  and  the  discs  then  fall  apart. 

*2,322. — C.  D,  Abel,  London.  (//.  Svdtaczvk 
and  F.  WiknliU,  Leohvn.)  Electric  Lamps. 
2d.  June  II. 

Arc  Lamps. — The  two  electrodes  arc  carried  by 
pistons  contained  in  two  closed  vessels  filled  with 
licpiid  and  communicating  with  each  other,  the 
descent  of  the  upper  piston  and  carhon  causing  the 
ascent  of  the  lower  one.  The  flow  of  li(iuid  is  con- 
trolled by  a valve  actuated  by  a solenoid  which 
checks  the  flow  on  any  increase  of  current. 

2,339. — A.  M.  Clark,  London.  (.1.  dc  Mi’HIoik 
(Did  Co.,  Faris.)  Obtaining  Light  by  Elec- 
tricity. Od.  (8  figs.)  June  12. 

Candles. — The  arc  is  formed  between  a number 
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of  clectroiles,  the  outer  pair  being  of  larger  diameter 
than  the  inner  pairs.  Tlie  current  is  divided,  and 
resistances  are  interposed  before  the  smaller  carbons, 
by  wliich  tlie  larger  portion  of  the  current  is  caused 
to  traverse  the  larger  carbons. 

’'*2,340.— A.  M.  Clark,  London.  [C.  J.  P.  D<>fmoK, 
Parix).  Electrodes  for  Electric  Light.  2d. 
June  12. 

Electkode.s. — Tliese  consist  of  an  iron  rod  sur- 
rounded by  a cylinder  of  carbon,  which  is  coated 
witli  a metallic  sulphide  electrically  deposited, 

2,397.  — J.  Sheldon,  Birmingham.  Joining 
Wires,  Strips  of  Metal,  &c.  8d.  (40  figs.) 
June  17. 

Conductors. — A thick  hollow  disc  of  metal, 
perforated  at  its  centre,  has  tw'o  holes  of  the  size  of 
the  wires  to  be  joined.  The  holes  lie  parallel  and 
close  to  eacli  other  on  opposite  sides  of  a diameter 
of  the  disc.  The  ends  of  the  wires  are  passed 
through  the  holes  in  opposite  directions,  and  are 
separated  and  forced  into  the  marginal  parts  of  the 
hollow  disc  by  a pointed  conical  tool  passed  through 
the  central  perforation,  which  is  then  closed  up 
by  a rivet.  For  joining  strips  a hollow  tube  is  used, 
the  openings  being  narrow  slots. 

2,402.— T.  A.  Edison,  N.J.,  U.S.A.  Electric 
Lights  and  Apparatus  for  Developing 
Electric  Currents,  &c.  lOd.  (18  figs.) 
June  17. 

Incandescence  Lamp. — A spiral  of  platinum 
wire  enclosed  in  a glass  bulb  has  its  ends  passed 
through  and  sealed  in  the  glass.  Tlie  bulb  is  ex- 
hausted of  air  by  a Sprengel  pump,  and  sufficient 
current  is  passed  through  the  spiral  to  heat  it  to 
loO  deg.  Fahr.,  at  which  temperature  it  is  allowed 
to  remain  for  about  15  minutes,  during  which  time 
it  yields  any  air  or  gas  it  may  contain.  The  pump 
being  kept  constantly  at  work,  the  temperature  of 
the  filament  is  raised  at  intervals  of  15  minutes, 
by  increasing  the  current,  until  the  spiral  attains 
vivid  incandescence,  when  the  bulb  is  sealed.  The 
“ pyro  insulated”  burner  described  in  Patent  No. 
5, .306  of  1878  may  be  substituted  for  the  spiral  of 
j)latinum. 

Current  Regul.vtor. — A small  horseshoe  elec- 
tro-magnet provided  with  a governor  is  employed 
to  open  the  lamp  circuit  ndien  the  strength  of  the 
current  becomes  too  great.  This  magnet  is  attached 
to  a vertical  shaft  and  revolves  in  a plane  parallel 
to  a similar  electro-magnet  fixed  above  it.  The 
shaft  is  provided  with  a pair  of  centrifugal  go 
^■ernors  attached  at  their  low*er  ends  to  a sliding 
collar  on  which  one  arm  of  a lever  is  pressed  by  a 
spring,  the  other  arm  being  fitted  ndth  a block  in 


juxtaposition  to  springs  by  which  the  circuit  is 
simultaneously  opened  in  many  places  when  the 
governors  attain  a certain  velocity.  A block  carry- 
ing the  contact  springs  may  be  drawn  from  the 
lever  arm,  thus  retpuring  a greater  speed  of  the 
governors  to  break  the  circuit.  The  commutator 
is  fixed  to  the  shaft,  and  consists  of  a ring  of  insu- 
lating material  having  its  peripliery  faced  with 
platinum,  and  cut  in  two  piarts,  one  part  being  con- 
nected to  one  pair  of  magnets,  and  the  other  part 
to  the  second  pair.  An  automatic  starter  consists 
of  a light  lever  and  armature,  fitted  wdth  a pawl, 
which  engages  with  a ratchet  on  the  shaft  on  the 
admission  of  tlie  current. 

Carbons. — A press  for  manufacturing  cai’boiis 
consists  of  a block  of  ii'on  wdth  a central  tapered 
hole  in  w'hich  a divided  steel  mould  fits.  After 
filling  the  mould  with  the  pulverised  material,  a 
steel  plunger  section  is  placed  in  it  and  forced 
down  ; other  sections  are  then  added  and  forced 
down  until  the  mass  is  of  the  required  density. 

Dvnamo-Electric  Generator. — This  generator 
has  upright  field  magnets  yoked  together  at  the 
top,  and  provided  with  massive  pole-pieces  at  their 
lower  ends.  Tlie  armature  is  built  up  of  two 
wrought-iron  discs,  with  a wooden  cylinder  between 
them,  which  is  wound  with  iron  wire  until  flusli 
with  the  edge  of  the  iron  discs  ; over  this  is  then 
wound,  in  longitudinal  sections,  the  insulated  in- 
duction wire.  Hard  rubber  discs  of  greater  diameter 
than  the  iron  discs  are  secured  on  the  sliaft,  and 
keep  the  induction  wires  from  contact  with  them. 
A polarised  magnet,  included  in  the  circuit,  opens 
it  automatically  sliould  a reverse  current  be  sent 
through  the  generator.  The  wire  of  the  parallel 
induction  helix  is  endless,  and  is  wound  to  obtain  a 
continuous  current.  Tlie  field  magnets  are  excited 
by  currents  supplied  from  thermopiles,  acted  on  by 
the  heat  given  off  from  the  steam  engines. 

Conductors. — These  are  carried  in  pipes  lined 
with  ebonite  leading  to  cast-iron  service  boxes,  from 
which  branches  are  taken  to  the  houses.  The  mains 
consist  of  a number  of  bare  wires,  and  should  have 
a resistance  not  exceeding  one-tenth  the  total  re- 
sistance of  all  the  lamps.  The  pipes  and  boxes  are 
air-tight,  and  a vacuum  may  be  maintained  in  them 
or  they  may  be  charged  with  warm  air. 

2,481. — J.  Hopkinson,  London.  Transmission 
of  Power  by  Electricity.  6d.  (2  figs.) 

June  21. 

Reversing  Gear  for  Motors.— Mounted  on 
opposite  sides  of  the  axis  of  the  armature  are  two 
insulated  pins  coupled  together  by  a link  to  admit 
of  their  being  turned  simultaneously  in  the  same 
direction.  Each  pin  has  two  collecting  brushes, 
so  placed  that  -when  one  of  the  brushes  carried  by 
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eacli  pin  is  in  contact  with  the  commutator,  tlie 
armature  will  rotate  in  one  direction,  and  when  the 
other  brushes  are  in  contact  the  armature  will 
rotate  in  the  reverse  direction. 

2,543. — F.  J.  de  Hamel,  Loudon.  Manufacture 
of  Carbon  Candles  or  Points  for  Electric 
Lighting,  8tc.  4d.  .June  2.5. 

Carboxs. — These  are  made  of  a paste  formed  of 
pulverised  carbon  mixed  with  molasses  or  oil  and 
foi’ced  through  die-plates  at  the  end  of  a cylinder 
by  a propeller  working  in  the  cylinder.  The  carbon 
rods  have  metallic  wire  “ wicks.”  Hollow  carbons 
are  made  by  moulding  the  carbons  on  a rod  which 
is  afterwards  withdrawn.  Wires  may  be  embedded 
in  the  surface  while  the  carbons  are  in  a humid 
state,  or  plate  carbons  may  have  metallic  wires  or 
sheets  laid  between  them,  the  whole  being  then 
rolled  together  under  pressure. 

2,629. — A.  Blondot  and  J.  Bourdin,  Paris. 
Submarine  Telegraph  Cable.  4d.  (2  figs.) 
.Tune  .30. 

Conductors. — This  invention  consists  of  a single 
copper  conductor  having  a first  covering  of  gutta- 
percha, a second  of  caoutchouc,  a third  of  gutta- 
percha, a fourth  of  caoutchouc,  and  a fifth  of 
gutta-percha  mineralised  by  a mercurial  salt.  Over 
this  is  a further  covering  of  tarred  hemp.  In  making 
joints  the  two  ends  of  the  conductor  are  bevelled 
and  soldered  with  silver  solder.  A copper  sleeve, 
internally  silver  soldered,  covers  the  bevels.  The 
sleeve  is  exteimally  tapered  to  make  the  joint  more 
flexible. 

2,652. — C.  W.  Siemens,  London.  {F.  niid  II.  von 
Altenect',  Berlin).  Electric  Light,  (id.  (10 
figs.)  Julyl. 

Arc  Lamp. — This  refers  to  improvements  on 
patents  Nos.  2,000  of  1873,  and  4,949  of  1878,  and 
consists  in  dividing  the  conductor  at  some  part  of  its 
course  into  two  branches,  one  leading  through  tlie 
coil  of  a solenoid  or  electro-magnet  of  high  resistance 
directly  back  to  the  external  circuit,  and  the  other 
through  a solenoiil  or  electro-magnet  of  low  resist- 
ance back  to  the  external  circuit  through  the  arc. 
The  armatures  of  the  two  electro-magnets  are  con- 
nected by  a lever  to  one  of  the  carbon-holders  in 
such  a manner  that  the  attraction  of  tlie  high 
resistance  coil  causes  the  carbons  to  approach,  and 
tliat  of  the  low  resistance  coil  tends  to  separate 
them  ; thus,  when  both  are  excited,  tlie  carbons 
take  a position  dependent  on  the  resultant  of  the 
two  forces  acting  on  them.  The  feed  arrangement 
is  the  same  as  that  described  in  the  latter  specifica- 
tion above  referred  to. 


2,706.  -J.  B.  Spence,  London.  Combining 
Metallic  Sulphides  with  Sulphur,  &c.  4d. 

.July  3. 

Conductors. — These  are  insulated  by  drawing 
them  slowly  through  a bath  containing  a mixture 
j of  the  natural  sulphides,  such  as  of  iron  or  copper, 
ground  to  an  iiu25alpable  jiowder  anel  combined  with 
about  30  iier  cent,  of  sulphur  while  at  its  melting 
point. 

2,744.— G.  Whyte,  Elgin,  X.B.  Electric  Lamps. 
Cd.  (0  figs.)  .July  5. 

Arc  Lamp. — This  relates  to  improvements  on 
Patent  No.  5,152  of  1878.  The  feed  mechanism  is 
ojierated  by  a solenoid  jilaced  in  the  lamp  circuit 
which  replaces  the  small  motor  described  in  the 
2>revious  specification. 

*2,769. — H.  E.  Newton,  London.  {II.  IT.  Cool\ 
Kkderdorf,  Tyrol.)  Electric  Lighting.  2d. 
July  7. 

Dividing  Currents. — To  maintain  several  lights 
a commutator  is  employed  to  distribute  the  current 
to  the  various  lamjis  in  rapid  succession. 

Incandescence  Lamps. — These  are  arranged  in 
districts  j)referably  having  a small  area.  A sepa- 
rate wire  is  taken  from  the  main  conductor  to  each 
lamp,  the  other  nire  from  which  returns  to  a pilot 
lam}!  at  the  central  station.  The  radiated  heat  of 
the  pilot  light  acting  on  a thermo-electrometer 
shows  by  its  needle  when  the  lainjis  are  at  their 
proper  state.  Tlie  electrometer  also  regulates  the 
current,  which  may  be  sent  intermittently  to  the 
various  groujis  of  Iannis,  by  lifting  or  lowering  an 
iron  cone  in  a bath  of  mercury,  thus  interposing 
more  or  less  resistance  as  may  be  required. 

*2,772. — R.  Allison  and  W.  J.  Hunter,  Ipswich. 
Fishing  Apparatus.  2d.  .Tuly  7. 

Electric  Light. — Geissler’s  tubes  are  suspended 
in  the  neighbourhood  of  fishing  lines  or  nets,  the 
currents  being  siqiplied  from  any  suitable  gene- 
rators on  board  the  vessels. 

2,821.  — G.  Zanni,  London.  Automatically 
Opening  and  Closing  Electrical  Circuits, 
&C.  (id.  (2  figs.)  July  10. 

CoM.MUT.lTOR. — This  is  designed  to  iirevcnt  the 
reversal  of  polarity  of  generators  used  in  clectro- 
lilating,  and  consists  of  an  electro- magnet  having  its 
coils  in  the  circuit  of  a second  small  generator  geared 
to  the  first.  The  main  or  bath  circuit  jiasscs  through 
the  frame  and  insulated  armature  of  the  electro- 
magnet, which  is  attracted  in  opposition  to  a si>ring 
as  soon  as  current  is  devchqied.  The  spring  rejicls 
the  armature  and  breaks  tlie  bath  circuit  when  the 
generator  stops. 
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*2,823.  R.  Bossomaier  and  F.  Schwegler, 
London.  Producing  Wire  Ropes,  Cords, 
&c.,  with  Coloured  Surfaces.  ‘2d.  July  10. 
Conductors. — Metallic  wire  cords  are  silvered 
by  electro-plating  and  then  passed  through  a heated 
tube,  colouring  matter  being  imparted  to  them  by 
means  of  rotating  brushes.  They  are  then  passed 
through  a second  heated  tube  to  set  the  colour. 
“ A new  article  of  manufacture  is  thus  produced.” 

2,962.— A.  M.  Clark,  London.  (L.  A.  Ilmnann, 
Parts.)  Joints  of  Pipes  for  Containing 
Underground  Telegraph  Wires.  8d.  (2 

figs.)  July  21. 

Conductors. — The  joints  of  pipes  to  contain  un- 
derground conductors  are  made  with  spigot  and 
socket.  The  socket  is  enlarged  and  formed  with 
a circumferential  groove  to  contain  lead  packing. 
In  making  a joint  between  the  sleeve  and  the  tubes 
which  it  connects,  cast-iron  rings  each  provided 
with  two  annular  spaces  of  diameters  correspond- 
ing to  the  sleeve  and  tube  are  used.  The  lead 
packing  is  jdaced  in  the  annidar  spaces  and  set  up 
to  make  a tight  joint. 

*3,001. — W.  Moseley,  Liverpool.  Insulated 
Wires  and  Cables,  &c.  2d.  July  ‘23. 
Conductors. — The  inventor  applies  the  process 
described  in  Patent  No.  2,926  of  1873,  to  “line 
wires.” 

3,023. — d.  H.  Johnson,  London.  (E.  Wheeler, 
Philadelphia,  U.S.A.)  Telegraph  Wires. 
4d.  (3  figs. ) July  25. 

Conductors. — For  telegraphic  purposes  these 
are  made  of  a core  of  steel  enclosed  in  a covering 
of  wrought  iron. 

3,085. — B.  J.  B.  Mills,  London.  (F.  Million, 
Ltjons).  Regulators  for  the  Electric  Light. 
6d.  (4  figs.)  July  30. 

Arc  Lamp. — The  carbons  are  carried  by  supports 
sliding  vertically  and  geared  by  rack  teeth  to  a 
pinion  having  a larger  toothed  wheel  fixed  upon  its 
axis.  This  wheel  is  caused  to  rotate  by  a tooth 
fixed  by  a spring  to  a cross-piece  projecting  from  a 
pendulum.  Two  electro-magnets  placed  either  in 
the  main  or  a shunt  circuit,  cause  the  pendulum  to 
oscillate  according  to  the  intensity  of  the  current. 
The  current  for  the  electro-magnets  may  be  sup- 
plied by  a battery  and  controlled  by  a central 
regulator,  or  each  regulator  may  be  operated  by  a 
secondary  current  derived  from  the  main  current. 

*3,272. — W.  R.  Lake,  London.  (L.  Concornotti, 
Cremone,  Italy).  Electric  Lighting  Appa- 
ratus. 2d.  August  13. 


Arc  Lamp. — This  consists  of  two  parallel  insu- 
lated metallic  rods  having  forks  at  their  upper  ends 
in  which  metallic  or  carbon  rollers  are  pivotted.  A 
bar  of  carbon,  preferablj'  double  concave  in  trans- 
verse section,  rests  on  a portion  of  the  peripheries 
of  the  two  rollers,  and  descends  as  it  is  consumed. 
The  carbon  is  held  by  a nipping  holder,  which 
slides  in  a guide  held  by  a prismatic  socket  fixed 
to  the  frame  of  the  lamp.  The  whole  arrangement 
may  be  hermetically  enclosed  in  a glass  globe. 

3,355. — W.  Morgan-Brown,  London.  [P.  A. 
Portier,  Paris).  Manufacture  of  Electrodes 
for  the  Electric  Light.  6d.  (3  figs.)  August 
20. 

Electrode.s.  — These  are  formed  of  metallic 
tubes,  preferably  iron  or  steel,  into  which  is  forced 
a paste  consisting  of  oxide  of  magnesia  and  a little 
water.  Or  lime,  alumina,  carbonates  of  lime,  and 
magnesia,  or  baryta,  and  strontia,  or  mixtures  of 
any  of  these  may  be  used. 

*3,368. — T.  Young,  Cessford,  N.B.  Joinings 
for  Wire  Fences,  Telegraph  Wires,  &c.  2d. 
August  21. 

CoNDtTCTOR.s. — .Joiiits  ill  conducting  wires  are 
made  by  inserting  their  ends  into  a coupling  piece 
having  a rectangular  slot  in  the  direction  of  its 
length  for  the  wires  to  lie  in.  The  ends  are  brought 
through  holes  at  right  angles  to  the  slot,  and  then 
flattened  to  prevent  their  withdrawal. 

3,425. — G.  Pitt,  Sutton.  (J/cs.‘0>'.  Mamjin  and 
L.  S.  Lemonnier  and  Co.,  Paris).  Apparatus 
for  Producing  Parallel  and  Divergent 
Pencils  of  Light  Suitable  for  Signalling, 
&c.  6d.  (17  figs.)  August  25. 

Holophotes. — The  dispersing  apparatus  is  com- 
posed of  two  systems  of  lenses,  the  one  plano- 
convex and  the  other  plano-concave,  so  that  when 
in  contact  they  produce  the  same  effect  as  a 
glass  with  parallel  faces,  and  by  separating  them  a 
variable  divergence  is  obtained.  One  lens  is  fixed 
and  the  other  is  moved  on  guides  by  a screw. 
The  reflector  is  of  silvered  glass,  having  spherical 
surfaces  of  different  curvatures.  The  arc  lainji  may 
be  fed  automatically  or  by  hand,  and  the  axis  of 
the  carbons  is  placed  oblirpiely  to  the  axis  of  the 
light  directing  arrangement.  The  cast-iron  cylin- 
drical lantern  is  vertically  and  horizontally  adjust- 
able by  screw  gearing,  and  is  mounted  on  a turning 
carriage  fitted  on  top  of  a wrought-iron  trellisu  ork 
standard,  capable  of  being  set  at  different  heights. 
The  lantern  may  be  mounted  on  two  axes,  move- 
ment being  imparted  by  a tangent  screw  and 
toothed  segment.  For  use  on  a launch  the  axes  of 
the  projector  are  carried  by  a forked  arm. 
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3i472. — A.  Wilkinson,  London.  Compounds 
for  Insulating  Telegraph  Wires.  4d. 
August  28. 

CoNiJiiCTOKS. — These  are  first  coated  with  a mix- 
ture consisting  of  1 lb.  of  beeswax,  .3  lb.  of  white 
lead,  “a  proportion”  of  Stockholm  tar,  and  a small 
quantity  of  tallow.  The  wires  are  drawn  through 
a bath  of  the  heated  liquid,  and  then  through 
a die-plate  to  regulate  the  thickness,  and  before 
the  first  coating  is  set  the  operation  is  repeated. 
Tliey  are  then  braided  with  a fibrous  material,  and 
an  outer  coating,  composed  of  pitch,  ground  cork, 
and  bisulphide  of  carbon  is  applied.  The  protected 
wires  may  be  coated  with  lead.  Submarine  cables 
may  be  made  hollow,  and  gas  may  be  conv'eyed 
through  them  to  light  ljuoys.  A second  insulating 
composition  consists  of  1 lb.  each  of  wheat  flour 
and  linseed  oil,  6oz.  of  white  lead,  and  3oz.  of 
gutta-percha,  sufficient  gold  size  being  added  to 
render  the  mixture  flexible. 


3,509.— R.  E.  B.  Crompton,  London.  Regu- 
lating Mechanism  for  Electric  Lamps. 
6d.  (13  figs.)  September  2. 

Arc  L.\mp. — In  this  lamp  the  regulating  me- 
chanism is  controlled  by  tlie  action  of  magnets 
upon  an  armature  on  which  is  pivotted  a stop-piece 
or  detent.  The  arc  is  formed  by  the  magnets 
drawing  down  the  lower  carbon  and  simultaneously 
checking  the  descent  of  the  upper  carbon.  In  the 
figures  the  stroke  of  tlie  lower  carbon-holder  B'  is 


regulated  liy  an  adjustable  collar  fd,  and  is  main- 
tained at  its  highest  postion  by  tlie  spring  I)  act- 
ing on  the  collar  <!.  The  rack  rod  C*  carries  the 
upper  carbon  and  engages  with  the  last  of  a series 


of  wheels  fi,  the  first,  c',  being  the  flywheel 

which  carries  two  vanes  The  current  passes 
through  the  controlling  electro-magnets  GG,  which 
draw  down  the  armature  y,  and  with  it  the  soft 
iron  piece /i  turning  on  a horizontal  pin  A’,  to  which 
is  fixed  the  curved  slip  I- 1'  so  shaped  as  to  rest  on 
the  edge  of  the  wheel  e'  and  prevent  its  rotation 
when  the  armature  y is  attracted.  When  current 
diminishes  through  the  arc  exceeding  its  normal 
length  the  spring  I overcomes  the  attraction  of  the 
armature  ff  upon  the  piece  /t  and  lifts  the  slip  I-  off 
the  wheel  which  permits  the  carbon  to  descend 
until  the  strength  of  the  current  is  restored.  A 
detent  wheel  may  be  used  in  place  of,  or  in  combi- 
nation with,  the  flywheel. 

*3,543. — R.  H.  Courteney,  London.  Electro- 
Magnetic  Induction  Apparatus.  2d.  Sep- 
tember 3. 

IxDUCTiox  Appar.^tus. — Four  soft  iron  bars  ar- 
ranged in  the  form  of  a square,  with  their  ends 
separated,  have  wound  on  each  of  them  two  primary 
and  two  secondary  coils.  A contact  breaker  of 
any  known  form  is  used  to  make  and  break  the 
primary  circuit. 

3,565. — W.  Elmore,  London,  Dynamo-Electric 
Machines.  8d.  (17  figs.)  September  4. 

Dynamo-Electric  Gener.\tor. — This  generator 
has  an  armature  of  disc  form,  the  magnets  of  which 
are  constructed  of  two  soft  iron  seetors  joined  to- 
gether by  iron  core-pieees  of  the  same  shape  as, 
but  smaller  than,  the  sectors.  One  sector  serves 
as  a flange  for  bolting  the  magnets  to  the  faces  of 
the  revolving  disc  ; the  other  acts  as  the  polar  face 
of  the  magnet.  Two  rings  of  inducing  magnets, 
similarly  constructed  and  corresponding  in  number 
and  relative  position  to  those  on  the  disc,  are  bolted 
to  the  inner  faces  of  two  circular  frames  fastened  to 
the  base-plate.  The  armature  shaft  runs  in  bear- 
ings carried  by  these  frames.  A bush  forming  the 
centre  of  the  armature  disc  has  holes  lined  with 
insulating  material  through  which  the  ends  of  the 
coils  are  taken  to  a commutator  of  ordinary  con- 
struction, the  currents  being  collected  by  brushes. 
An  alarum  to  indicate  reversal  of  polarity,  M’hen 
the  generator  is  used  for  electro-plating,  consists  of 
a polarised  armature  poised  between  two  electro- 
magnets placed  in  the  main  circuit,  which  completes 
a bell  circuit  on  the  i-eversal  of  current.  The 
amount  of  current  passing  is  indicated  by  an 
electro-magnet  acting  on  a pivotted  armature,  the 
longer  end  of  which  is  graduated  and  fitted  with  a 
sliding  weight. 


3,587. — F.  J.  Cheesbrough,  Liverpool.  (77. 
Sawyer,  Xew  Vorl-,  U.S.A.)  Electric  Lamps 
and  Switches  therefor.  Cd.  (.7  figs.)  Sep- 
tember 0. 
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Incandescenc’K  Lamp. — This  lamp  is  in  general 
construction  similar  to  that  described  in  Patent 
No.  4,847  of  1878.  The  carbon  rod  is  fed  np 
between  two  carbon  rollers  by  a wire  passing  over 
pnlleys,  and  having  one  end  fastened  to  a spindle 
actuated  by  a ratchet  and  spring  pawl  attached  to 
an  armature  of  an  electro-magnet,  which  may  act 
automatically  ; or  a band  switch  may  be  used  to 
admit  the  current  when  it  is  desired  to  feed  the 
carbon  up. 

3,679. — G.  F.  Redfern,  London.  (.7.  77.  Bloom- 
fdil,  Concordia,  Argentine  licjndilic).  Insu- 
lators. Cd.  (.5  figs.)  September  13. 

Insul.atoks. — These  are  of  the  vertical  type  and 
are  made  of  porcelain.  The  low'er  end  is  concave, 
and  the  upper  convex  end  carries  two  downwardly 
projecting  cup  flanges  covering  the  shank  around 
which  the  wire  is  fastened.  The  cup  flanges  are 
arranged  one  wdthin  the  other,  the  inner  one  being 
slightly  the  shorter.  A securing  screw,  having  a 
conical  head  with  a scpiare  hole  to  receive  a tighten- 
ing key,  passes  through  a longitudinal  perforation 
in  the  insulator  countersunk  at  its  lower  end.  A 
rubber  ring  is  jammed  into  the  countersunk  pai  t by 
the  conical  head  of  the  screw,  and  a similar  ring  is 
pressed  into  the  upper  end  of  the  space  between 
the  screw  and  insulator  and  the  crossbar,  which  is 
concave  on  its  under  side  to  receive  the  ujiper  part 
of  the  insulator. 

3,697. — A.  M.  Clark,  London.  (./.  M.A.  Gerard- 
Lescuyer,  Barix.)  Electric  Lamps  or  Regu- 
lators. Is.  (9  figs.)  September  15. 

Arc  Lamps. — Two  cylinders,  filled  with  licpiid, 
are  connected  at  their  lower  parts  and  eontain 
pistons,  one  of  which  feeds  up  the  low^er  carbon, 
the  other  being  w’eighted,  by  its  descent  forces  the 
licpxid  into  the  adjoining  cylinder.  The  low'er 
carbon  abuts  against  a disc  of  carbon,  the  arc  being 
maintained  by  the  repulsion  due  to  the  passage  of 
the  current.  The  disc  is  mounted  on  a lever  free 
to  oscillate  on  a quadrant,  on  which  it  is  retained 
by  four  metal  straps.  The  weight  of  the  disc  is 
sustained  by  an  adjustable  spiral  spring.  The 
low'er  carbon  is  guided  at  its  top  by  a clip,  one  jaw 
of  which  is  jointed  and  has  a projecting  arm  en- 
gaging in  a hook  formed  on  the  lever.  The  disc 
normally  rests  on  the  top  of  the  carbon,  releasing 
the  jaw.  The  passage  of  the  current  repels  the  disc 
which  by  its  lever  then  clips  the  lower  carbon.  The 
lower  carbon  may  be  fed  up  by  a spiral  spring, 
an  electro-magnet  in  the  lamp  circuit  serving  to 
clamp  it  on  the  current  passing.  In  a suspended 
lamp  a carbon  rod  descends  in  an  iron  tube,  and 
is  controlled  by  an  electro  magnet  formed  like  a 
piston  and  sliding  in  the  iron  tube  ; the  admission 
of  current  checks  its  descent,  and  the  disc,  mounted 


on  a thin  leaf  spring  attached  to,  but  insidated 
from,  the  tube,  is  repelled.  The  descent  of  the 
upper  carbon  rod  may  be  controlled  by  an  electro- 
magnet acting  on  the  periphery  of  a drum  on  which  is 
woundacordsuspending  the  weighted  carbon-holder. 
The  parts  of  the  lamp  may  be  duplicated  where 
two  upper  carbons  are  required.  The  ascent  of  the 
lower  carbon  rod  may  be  caused  by  a coiled  spring 
within  a drum  on  ■which  is  wound  a cord  passing 
over  guide  pulleys  to  the  carbon-holder,  an  electro- 
magnet controls  the  rotation  of  the  drum,  and  the 
upper  carbon  is  lifted  by  a second  electro- magnet 
acting  on  a lever  armature,  to  one  arm  of  which 
the  carbon-holder  is  attached. 

3,750. — H.  J.  Haddan,  London.  {C.  F.  Brush, 

Cleveland,  Ohio,  U.S.A.)  Electric  Lamps, 

&c.  8d.  (10  figs.)  September  18. 

Arc  Lamp.-?. — Two  or  more  sets  of  carbons  are 
used,  the  movable  holders  of  which  are  operated  by 
ring  clamps,  to  which  a tilting  and  lifting  motion 
is  imparted  by  a lifter  actuated  by  electro-magnets, 
or  by  the  expansive  action  of  heat  generated  by  the 
current  upon  any  suitable  apparatus  connected 
with  the  lamp  mechanism.  The  lifter  is  so  formed 
and  balanced  as  to  lift  one  of  the  carbons  slightly 
in  advance  of  the  other  on  the  passage  of  the  cur- 
rent. A tubular  support  surrounds  one  of  the 
carbon-holders,  and  is  of  such  length  that  when 
one  set  of  carbons  is  sufficiently  consumed  a stop 
on  the  carbon-holder  shall  rest  on  the  support,  so 
that  the  weight  of  the  carbon-holder  and  support 
shall  always  be  borne  by  the  lifter.  The  lamp  is 
adjusted  so  that  the  magnets  shall  carry  a definite 
load,  and  to  insure  a steady  motion  a dash-pot, 
having  the  cylinder  movable  and  the  plunger  fixed, 
is  employed.  An  automatic  shunt  consists  of  a fine 
and  coarse  wire  helix,  the  fine  wire  being  in  the 
lamp  circuit ; on  an  excess  of  current  passing,  it 
attracts  an  armature  which  completes  the  circuit 
of  the  coarse  wire,  and  at  the  same  time  interposes 
a suitable  resistance. 

3,771. — J.  Brockie,  London.  Electric  Lamps. 

6d.  (8  figs.)  September  19. 

Arc  L.amp.s. — These  are  regulated  periodically 
by  a magnet,  the  current  of  which  is  momentarily 
broken  at  jxre-arranged  intervals  by  a commutator. 
The  upper  carbon  is  carried  by  a rod  having  a cross- 
head which  slides  in  guide  bars.  The  feed  of  the 
rod  is  controlled  by  a gripping  clutch,  which  is 
operated  at  intervals  by  the  armature  of  a magnet 
placed  in  a branch  circuit  in  connection  with  the 
commutator.  The  stroke  of  the  armature  is  opposed 
by  an  adjustable  spring.  The  regulation  may  be 
effected  by  magnets  placed  in  the  main  circuit, 
a smaller  magnet  serving  to  periodically  short- 
circuit  them.  When  a number  of  lamps  are  placed 
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in  circuit  eacli  is  proviiletl  with  a small  wheel, 
which  is  partly  rotated  by  the  small  magnet  at 
each  impulse,  ami  permits  the  main  magnets  to  be 
short-circuited  only  at  a definite  point  in  its  revo- 
lution. By  setting  the  wheels  in  the  various  lamps 
at  dift'erent  points  the  carbons  are  adjusted  at 
<lifferent  times.  For  alternating  currents  the  car- 
bons are  placed  at  an  angle  to  each  other ; both  are 
free  to  move,  and  are  adjusted  by  a magnet  and 
clutches  as  before  described.  In  a lamp  having  a 
<lefined  feed  as  well  as  a periodical  readjustment, 
the  carbon-holder  passes  through  a tight-fitting 
sleeve,  and  is  fed  forward  by  a pawl  actuated  by 
an  electro-magnet,  the  sleeve  being  lifted  by  a 
clutch  at  determined  intervals.  The  pawl  is  made 
to  engage  with  the  rack  when  the  magnet  is  active 
by  means  of  a fixed  pin.  The  clutch  has  a weight 
at  one  end  and  an  armature  at  the  other,  and  a 
central  hole  just  large  enough  to  admit  the  sleeve. 
In  a doulde  carbon  lamp  a swinging  stop  prevents 
one  pair  meeting  by  locking  its  pawl  ; a pin  on  the 
carbon-holder  comes  in  contact  with  the  swinging 
stop,  when  its  carbons  are  eonsumed,  and  liberates 
the  second  pair,  at  the  same  time  locking  the  pawl 
of  the  first  pair. 

3,778.-  W.  R.  Lake,  London.  [P.  Arhogast  and 
T.  J.  McTighp,  Pitfshtuy,  Penn.,  U.S.A.) 
Manufacture  of  Telegraphic  Cables.  6d. 
(30  figs.)  September  19. 

CoNDUCTOiis. — The  wires  are  covered  by  draw- 
ing them  tlirough  a molten  mass  of  glass  or  other 
vitreous  material,  or  by  laying  them  between  two 
portions  of  the  material  and  applying  heat.  A 
coupling  box,  each  half  of  which  is  Hanged,  em- 
braces the  ends  of  the  sections,  which  are  joined 
together  in  the  usual  way  and  insulated. 

■*3,793. — J.  Harrop,  Sheffield.  Apparatus  and 
Application  thereof  for  Producing  and 
Subdividing  the  Electric  Light.  2d.  Sep- 
tember 20. 

Arc  L.vmp. — The  inventor  places  “ the  carbon 
points  or  other  substitutes  therefor  in  metallic 
holders  in  juxtaposition  on  the  same  electrode.”  A 
drum,  constructed  partly  of  copper  and  partly  of 
insulating  material,  and  a copper  comb  bearing  on 
it,  form  part  of  the  circuit.  The  drum  revolves, 
“ and  thereby  partly  or  wholly  subdues  the  afore- 
said electric  light  without  breaking  the  continuity 
of  the  aforesaid  electrode  or  circuit.” 

*3,831.— P.  Jensen,  London.  (]V.  E.  PrnU  and 
II.  ObricI:,  New  Yorb,  U.S.A.)  Protecting 
and  Insulating  Underground  Telegraph 
Wires.  2d.  September  23. 

CoN’DUCTOK.s.— These  are  enclosed  in  a metallic 
protecting  pipe  fitted  with  an  interior  insulating 


tube  of  glass,  asbestos,  &c.,  made  in  sections.  The 
metallic  pipe  is  dipped  in  coal-tar  and  the  tube  in 
paraffine  or  wax.  Air-tight  test  boxes  having  stuf- 
fing-boxes at  each  end  to  allow  for  expansion  and 
contraction,  are  provided  at  suitable  intervals,  and 
outlets,  with  stuffing-boxes,  are  fitted  on  the  test 
boxes. 

3,843. — A.  M.  Clark,  London.  (IF.  Hadden, 
New  York,  U.S.A.)  Electrical  Signalling 
Apparatus.  Cd.  (3  figs.)  September  24. 

Rheost.vt. — This  is  designed  for  use  with  tele- 
graphic instruments,  and  consists  of  a glass  tube 
filled  with  powdered  carbon,  having  one  end  of  the 
conductor  fixed  in  one  of  its  ends,  and  the  other  end 
sliding  in  or  out  according  to  the  amount  of  resist- 
ance it  is  desired  to  intei’pose. 

3,875. — C.  W.  Harrison,  London.  Electric 
Lighting.  Cd.  (14  figs.)  September  25. 

Arc  L.\mps. — The  feed  of  the  carbons  is  regu- 
lated by  a brake-wheel  having  on  its  spindle  two 
drums  of  different  diameters  to  which  the  two 
carbon-holders  ai'e  attached  by  flexible  cords.  The 
upper  holder  descends  by  gravity.  Each  holder 
is  guided  by  three  pulleys,  one,  backed  by  a 
spring,  serving  to  keep  them  in  electrical  contact 
with  the  other  two  by  which  the  currents  are 
conveyed.  The  carbons  are  separated  and  the  arc 
formed  by  an  electro-magnet  drawing  down  an 
armature,  to  which  is  fixed  a string  passing  over  a 
pulley  to  one  of  the  drums.  The  passage  of  the 
current  deflects  a magnetic  needle  which  presses  a 
block  against  the  brake- wheel,  and  so  maintains  the 
arc.  The  drums  may  be  made  conical  to  compensate 
for  the  variation  of  driving  weight  caused  by  the 
combustion  of  the  carbons.  In  a second  lamp  a 
series  of  flashes  is  made  by  a number  of  carbons 
arranged  as  a ring  on  a copper  plate.  Concentri- 
cally to  the  circle  formed  by  the  carbons  is  a conical 
mirror  attached  at  its  centre  to  a revolving  spindle. 
The  arms  carrying  the  mirror  at  its  centre  and 
circnmferencc  arc  diametrically  continued  beyond 
its  periphery,  and  form  two  contact  pieces  which 
make  and  break  contact  with  the  carbons  as  the 
mirror  revolves.  'J'he  arms  have  also  attached  at 
their  outer  extremities  an  annular  mirror.  A long 
feather  on  the  spindle  permits  the  bush  carrying 
the  rotating  arms  to  be  fed  np  by  a spring  as  the 
carbons  consume.  In  another  lamp  two  discs  of 
carbon  arc  fixed  at  the  re(|uircd  distance  from  the 
opposite  edges  of  a cylindrical  ring  of  carbon.  The 
current  passes  by  two  brushes  which  bear  opposite 
each  other  on  the  outer  edges  of  the  discs.  The 
arcs  arc  started  by  two  carbon  rods  pressed  forward 
by  springs,  but  withdrawn  by  electro-magnets  on 
the  current  passing.  'The  discs  and  ring  revolve.  In 
a street  lamp-post  the  light  is  situated  in  the  base, 
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ami  is  projected  upwards  on  to  an  inverted  conical 
reflector  which  diffuses  it.  In  lighting  a building 
a tube  is  used  in  which  arc  placed  reflectors  to 
diffuse  the  light  where  required. 

Ei.kctkodes. — These  are  formed  of  pure  lamp- 
black and  an  equal  part,  by  measure,  of  wood  pulp 
freed  from  impurities  and  finely  powdered.  Naph- 
thaline, pitch,  or  resin  is  dissolved  in  boiling  tar 
and  maintained  at  250  deg.  Fahr.,  until  the  more 
volatile  hydro-carbons  are  expelled  and  the  whole 
is  plastic.  To  this  is  added,  while  still  hot,  a suf- 
ficient quantity  of  the  lamp-black,  &c.,  to  form  a 
dry  plastic  mass.  The  whole  is  then  ground  to- 
gether and  moulded  under  pressure.  The  negative 
electrodes  for  incandescence  and  contact  lights  are 
formed  of  lamp-black  impregnated  with  iron  by 
immersion  in  a neutral  solution,  and  this  is  mixed 
with  the  plastic  material  above  described. 

Rheostat. — A number  of  varying  resistance 
pieces,  insulated  from  each  other,  are  arranged  in  a 
metal  box  radially  round  a vertical  insulated  me- 
tallic spindle  on  which  is  mounted  a contact  piece. 
One  binding  post  is  connected  to  the  spindle  and 
the  other  to  the  metal  box. 

3,885. — E.  A.  Bridges,  Berlin.  (L.  ILyer, 
Berlin).  Treating  Used  or  Waste  Vul- 
canised or  other  Caoutchouc,  &c.  4d. 

September  26. 

CoNDUCTOR.s. — A boiler  is  provided  having  three 
compartments  separated  by  wire  sieves.  In  the 
bottom  compartment  is  water,  in  the  centre  the 
waste  rubber,  and  on  the  top  the  fire,  which 
serves  to  melt  the  rubber  and  consume  the  volatile 
ingredients ; the  melted  portions  drop  into  the 
water,  and  are  collected  and  boiled  until  sufficiently 
fluid  to  run  through  a sieve  which  separates  any 
extraneous  matter.  The  rubber  is  then  mixed 
with  “siccative”  and  oil  of  turpentine,  and  used 
for  insulating  purposes. 

*4,087. — J.  H.  Johnson,  London.  (II.  M.  A. 
Berthaud,  Paris).  Manufacture  of  Alumi- 
nium and  Magnesium.  2d.  October  9. 

Ge.xerator. — Any  dynamo-electric  generator  is 
employed  for  the  electro-deposition  of  the  above 
metals. 

4,189. — C.  E.  Crighton,  Newcastle-on-Tyne. 
Electric  Telegraph  Terminal  and  Shackle 
Insulators.  6d.  (3  figs.)  October  16. 

In.SULATors. — A horizontal  ai’m  carried  by  the 
post  has  a hollow  conical  insulator  attached  to  it 
by  a metal  encircling  strap  and  bolts.  A second 
insulating  body  or  “shed”  covers  and  is  fixed  to 
the  conical  one  by  cement.  Through  the  centre 
of  these  passes  a conducting  bolt  for  connecting  the 


subterraneous  and  athdal  wires,  and  for  carrying  the 
strain  of  the  latter.  This  bolt  is  screw-threaded  at 
one  end,  and  fitted  with  a conical  plug  adapted  to 
the  aperture  in  the  central  insulator,  the  extremity 
of  which  is  closed  by  a screw  cap.  The  conical 
plug  is  provided  with  india-rubber  washers,  which 
form  a cushion  under  the  strain  of  the  conducting 
wire.  The  central  insulator  is  undulated  in  form  to 
prevent  the  accumulation  of  water. 

*4,306. — T.  Wilkins,  London.  Automatic  Con- 
tact Breakers  for  Electric  Circuits.  2d. 
October  22. 

Automatic  Contact  Breaker. — A vacuum  bel- 
lows is  provided  in  connection  with  the  contact 
pieces,  and  is  so  arranged  that  the  destruction  of 
the  vacuum  shall  separate  the  contacts.  This  is 
effected  either  by  small  pin  holes,  or  by  making 
the  body  of  the  bellows  of  a porous  material,  or  the 
bellows  may  be  separated  by  springs,  the  tension  of 
which  is  adjustable.  Clockwork  may  also  be  em- 
ployed to  separate  the  contact  pieces.  The  con- 
tacts may  be  placed  in  a vessel  which  is  filled  with 
mercury  and  provided  with  an  escape.  An  ar- 
rangement similar  to  the  hour-glass  may  be  used 
with  the  points  of  contact  near  the  neck,  the 
powder  or  liquid  being  a good  conductor.  The 
whole  may  be  mounted  on  axes  so  as  to  turn  auto- 
matically by  the  alteration  of  its  centre  of  gravity. 

4,354. — A.  S.  Hickley,  Catford  Bridge,  Kent. 
Electric  Lamps.  6d.  (4  figs.)  October  25. 

Arc  Lamp.s. — A vertical  plate  has  two  hori- 
zontally projecting  arms,  the  upper  one  of  which 
carries  a disc  of  carbon.  The  extremity  of  the 
lower  arm  carries  a gripping  carbon-holder,  which 
is  acted  on  by  a “ presser”  terminating  in  an  arma- 
ture at  one  end  and  having  a non-conducting  roller 
press  on  one  part  of  the  carbon-holder  through 
which  a carbon  rod  is  fed  up  by  weights.  The  disc 
electrode  is  carried  by  an  axle  turning  in  centres 
at  the  extremity  of  a forked  lever  pivotted  on  the 
upper  arm,  and  the  inner  end  of  the  lever  carries 
an  armature,  the  stroke  of  which  is  controlled 
by  a set  screw.  To  the  axle  is  fitted  a ratchet- 
wheel  gearing  with  a pawl  pivotted  to  the  fixed 
arm.  On  the  passage  of  the  current  the  electro- 
magnets supported  on  the  lower  fixed  arm  attract 
the  armatures,  thus  gripping  the  lower  carbon, 
and  raising  the  disc  by  the  forked  lever,  at  the 
same  time  turning  the  ratchet-wheel  one  tooth. 
In  a modification  a spring  arm  attached  to  the  fork 
lever  grips  the  lower  carbon. 

4,400. — W.  R.  Lake,  London.  (E.  I.  Houston 
and  E.  Thomson,  Philadelphia,  Penn.,  U.S.A.) 
Electric  Apparatus.  Is.  (22  figs.)  October 
29. 
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Dynamo-Electric  Generators. — An  iron  base 
carries  vertical  supports  to  which  the  cores  of  the 
field  magnets  are  attached.  These  cores  are  built 
up  of  plates,  rods,  or  rolled  sheets  of  iron.  The 
pole-pieces  are  serrated  on  their  edges,  and  nearly 
enclose  the  armature,  the  gaps  between  them  being 
in  a plane  inclined  in  the  direction  of  rotation  of 
the  armature.  The  coils  of  the  field  magnets  are 
wound  conically,  having  the  base  of  the  core  nearest 
the  armature.  Accessory  coils  serve  to  cover  the 
gaps  between  the  pole-pieces.  The  armature  core 
consists  of  one  or  more  pieces  of  iron  of  circular 
or  polygonal  shape,  having  projections  extending 
radially  outward  on  which  coils  are  wound  longi- 
tudinally, the  remaining  spaces  or  “ flutings”  being 
filled  by  winding  coils  over  the  ends  of  the  cylinder. 
The  coils  in  the  flutings  liave  the  two  ends  respec- 
tively of  each  single  coil  connected  to  opposite 
strips  of  the  commutator.  It  is  proposed  to  connect 
the  coils  on  the  projections  to  two  separate  com- 
mutators, the  two  ends  respectively  of  a single  coil 
being  joined  each  to  a strip  in  one  of  the  cylinders, 
and  tliose  of  the  next  adjacent  coil  to  the  next  ad- 
jacent pair  of  strips,  and  so  on.  The  collecting 
brushes  extend  over  and  rest  in  contact  with  all  the 
strips  connected  to  coils  generating  currents  in  the 
same  direction. 

Arc  Lamps. — To  a base  is  secured  a solenoid 
surrounding  a hollow  iron  core,  in  which  loosely 
slides  a metallic  rod  carrying  the  lower  carbon- 
holder.  The  core  is  drawn  down  in  opposition  to 
a spring.  Attached  to  the  core  by  an  extensible 
spring  is  a movalile  platform  through  m hich  the 
rod  passes.  The  descent  of  the  I’od  is  prevented 
by  clamping  stops  attached  to  the  top  of  the  plat- 
form, which  at  the  same  time  allow  of  its  upward 
feed  movement.  The  core  is  fitted  with  stops 
acting  in  the  same  manner.  The  upper  electrode 
is  carried  by  a rod  sliding  in  thearm  of  a standard. 
A spring  interposed  between  the  rod  and  arm 
serves  to  make  its  support  elastic.  The  current 
enters  the  solenoid  and  passes  by  a sliding  con- 
tact to  the  rod  carrying  the  lower  carbon,  hence 
by  the  upper  carbon  and  arm  to  the  terminal. 
The  arc  is  established  by  the  descent  of  the  core, 
and  with  it  the  platform  and  carbon-holder.  In  <a 
second  lamp  the  lower  carbon-holder  is  attached 
to  an  armature  opposed  by  an  adjustable  spring 
actuated  by  magnets  placed  in  the  main  circuit, 
and  carried  on  a crossbar  fixed  to  tlie  lower  ends 
of  rods  depending  from  the  frame.  Tlie  rod  carry- 
ing the  upper  carbon-holder  passes  between  friction 
rollers,  one  of  ivhich  is  attached  to  a spring.  The 
descent  of  tlie  rod  imparts  motion  through  one  of 
the  rollers  to  a second  toothed  wheel,  the  rotation 
of  which  is  prevented  by  a projection  from  an 
armature  held  against  tlie  wheel  by  a spring  and 
acted  on  by  an  electro-magnet  placed  in  a shunt 


circuit  of  high  resistance.  On  the  current  entering 
the  lamp  the  lower  carbon  is  drawn  down  by  its 
electro-magnet,  the  upper  carbon  remaining  looked 
until  the  resistance  of  the  arc  becomes  too  great, 
when  the  shunt  magnet  acts.  The  lamp  may  be 
arranged  to  keep  focus  by  suitably  gearing  the 
carbon-holders  together. 

Secondary  B.\tteries. — In  a vessel  of  glass  are 
placed  two  horizontal  plates,  preferably  of  copper, 
one  near  the  top  and  the  other  near  the  bottom  of 
the  vessel,  each  being  connected  to  an  insulated 
binding  post.  The  vessel  is  nearly  filled  with  a 
saturated  solution  of  zinc  sulphate,  and  hernieti- 
cally  sealed.  The  space  between  the  plates  may 
be  filled  with  sawdust  saturated  with  the  same 
solution.  The  passage  of  the  cun'ent  decomposes  the 
solution,  metallic  zinc  being  deposited  on  one  of  the 
plates,  and  metallic  copper  being  taken  from  the 
other  jilate,  and  converted  into  copper  sulphate.  A 
number  of  the  plates  may  be  combined  to  form  a 
battery.  An  automatic  switch  cuts  the  battery 
out  of  circuit  when  the  E.M.F.  of  the  generator  is 
insufficient  to  overcome  that  of  the  battery  at  the 
same  time  that  it  introduces  an  equivalent  resist- 
ance. A sliding  contact  jiiece  is  used  in  connec- 
tion with  a number  of  studs  to  put  into  circuit  a 
variable  resistance.  The  batteries  may  be  charged 
in  separate  sections  by  providing  the  conducting 
wires  of  each  section  with  metallic  terminals,  with 
which  the  poles  of  the  generator  are  brought  suc- 
cessively into  contact. 

4,405. — A.  V.  Newton,  London.  (F.  7'ommasi, 
Par'll).  Electric  Lamps.  Gd.  (6  figs.) 
October  29. 

Arc  Lamps. — A number  of  carbon  rods,  circidarly 
disposed,  abut  against  a block  of  carbon  carried  liy 
a central  rod.  The  carbon  rods  float  in  insulated 
mercury  tubes  carried  by  brackets  secured  to  the 
lamp  pedestal.  The  rods  are  switched  into  the 
circuit  in  pairs  by  clockwork  mechanism  actuating 
a pair  of  insulated  arms,  which  pass  over  con- 
tact studs  connected  to  tlie  pairs  of  carbons  and 
make  contact  between  them  and  two  concentric 
rings  connected  with  opposite  poles  of  the  generator. 
In  a lamp  for  submarine  use  the  whole  is  inserted 
in  a glass  cylinder  closed  at  its  ends  by  discs  held 
in  place  by  a rod  terminating  at  its  upper  end  in  a 
ring  to  which  is  attached  the  lowering  cord.  Sepa- 
rate conductors  lead  to  each  carbon,  and  the  com- 
mutator is  carried  in  the  boat.  The  tubes  may  be 
connected  with  reservoirs  containing  mercury  to 
maintain  a constant  pressure. 

4,428. — E.  G.  Brewer,  London.  (E.  A.  Cham- 
brier,  ParU).  Electrical  Apparatus.  Cd. 
(14  figs.)  October  :10. 

Electro-Maonets. — Tart  of  the  invention  con- 
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sists  of  “combined  new  an-angements  of  electro- 
magnets wliereby  the  apparatus  ean  be  regulated 
in  such  manner  as  to  find  the  most  favourable  point 
for  obtaining  the  maximum  attractive  power 
another  part  consists  fn  ‘ ‘ changing  the  form  of  the 
ordinary  plane  surfaces  of  the  armature  so  as  to 
increase  the  dimensions  of  the  surface  pi-esented.” 

*4,456. — J.  T.  King,  Liverpool.  (C.  Linford, 
Pittsburg,  Penn.,  U.S.A.)  Apparatus  for 
Containing  and  Protecting  Telegraph 
Wires.  2d.  November  1. 

Conductors. — A “container”  is  made  of  metal 
“rolled,  cast,  or  otherwise  fonned,”  with  grooves 
enamelled  with  porcelain,  in  which  the  insulated 
conductors  are  laid.  The  outer  surfaces  are  tinned 
or  japanned  to  prevent  rusting.  Covers  fit  over 
the  containers  and  coupling  pieces  surround  the 
joints.  The  joints  are  made  with  cement  run  into 
grooves  formed  in  the  covers  and  coupling  pieces. 
Vitreous  pipes  are  fitted  where  it  is  desired  to  lead 
a conductor  to  the  surface. 

4,534. — C.  W.  Siemens,  London.  Electric 
Machines.  6d.  (4  figs.)  November  6. 

Dynamo-Electric  Gener.\tors. — The  coils  of  the 
electro-magnets  are  wound  so  as  to  have  a resist- 
ance of  not  less  than  ten  times  that  of  the  armature 
coils,  which  is  done  by  greatly  increasing  the  num- 
ber of  convolutions  without  reducing  the  sectional 
area  of  the  wire.  The  coils  are  arranged  so  that 
the  increased  coils  form  portions  of  a branch  circuit 
connected  to  the  external  circuit  of  the  generator 
beyond  the  commutator.  An  increase  in  the  ex- 
ternal resistance  causes  a larger  proportion  of  the 
current  to  pass  through  the  electro-magnets,  which 
are  thereby  more  powerfully  excited,  and  con- 
versely when  the  external  lesistance  is  lessened. 
The  same  arrangement  may  be  applied  to  electro- 
dynamic motors,  the  regulation  producing  more 
power  when  it  is  required. 

4,549. — J.  Bell,  London.  Insulated  Electric 
Conductors,  fid.  (8  figs.)  Novembers. 

Conductors. — These  are  covered  with  asbestos, 
which  is  wrapped  on  spirally  in  the  form  of  paper 
or  braided  on  as  a thread,  or  the  conductor  is 
drawn  through  pulped  asbestos  so  as  to  leave  a 
coating.  In  any  case  the  conductors  constructed 
as  above  are  coated  with  silicate  of  soda  to  bind 
the  whole  together  and  to  withstand  moisture. 

4,555. — J.  Bell  and  G.  Scarlett,  Liverpool. 
Electro-Magnets.  2d.  November  8. 

Electro-Magnets. — In  place  of  winding  the 
coils  with  a single  continuous  wire,  two  or  more 
independent  wires,  insulated  from  each  other,  are 


used.  All  the  wires  from  one  end  of  the  coils  are 
connected  to  one  terminal  and  those  from  the  other 
ends  to  a second  terminal. 

4,576. — T.  A.  Edison,  New  Jersey,  U.S.A. 

Electric  Lamps,  fid.  (.3  figs.)  November  10. 

Incandescence  Lamp. — The  high-resisting  carbon 
spiral  a is  preferably  made  of  a fibrous  vegetable 
substance,  coated  with  a plastic  compound  of  lamp- 
black and  tar,  and  is  held  by  the  platinum  wires 
d (Z‘,  cemented  in  the  thickened  ends  c c^,  and 
fastened  to  the  leading  wires  x x by  the  clamps  n ; 


e e are  copper  wires  for  connecting  to  the  mains. 
The  tube  in,  shown  in  dotted  lines,  leads  to  the 
vacuum  pump,  and  is  removed  after  sealing  the 
globe. 

4,589. — C.  F.  Heinrichs,  London.  Apparatus 
for  Generating  Electric  Currents,  &c.  2s. 
(fi2figs.)  November  11. 

Dynamo-Electric  Gener.\tors. — The  soft  iron 
core  of  the  ring  armature  is  |J  shaped  in  cross 
section,  and  may  be  solid  or  be  made  of  sheet  iron, 
and  may  have  iron  wire  wound  round  it  as  shown  at 
r in  the  figure,  the  sheet  iron  being  turned  at  s,  to 


form  a guard.  The  coils  of  insulated  conducting 
wires  are  wound  as  shown  at  u\  In  a continuous 
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current  generator  tlie  armature  coils  are  connected 
to  the  commutator  slips  in  the  usual  way.  Upon  a 
hase-plate  arc  mounted  two  standards  fitted  with 
bearings  in  which  the  shaft  revolves.  Two  bosses 
fixed  on  the  shaft  have  radial  arms  to  which  the 
ring  armature  is  attached.  The  inducing  electro- 
magnets surround  the  entire  outer  surface  of 
the  armature  in  section,  and  about  two-thirds  in 
circumference.  Two  or  more  generators  may  be 
mounted  on  one  shaft.  In  an  alternating  current 
generator  the  ring  armature  is  fixed,  and  the 
inducing  magnets  rotate.  These  magnets  are  ex- 
cited by  a separate  generator,  constructed  as  pre- 
viously described.  The  armature  is  fixed  to  a ring 
frame  by  twelve  iron  holders,  the  rotating  inducing 
magnets  being  mounted  on  bosses  keyed  to  the 
shaft.  Each  section  of  the  armature  is  connected 
to  one  of  the  iron  holders  to  which  are  fitted  bind- 
ing posts.  The  exciting  current  traverses  the 
inducing  magnets  by  means  of  two  metal  rings 
mounted  on,  but  insulated  from,  the  shaft  on 
which  bear  suitable  brushes.  In  a modification  of 
this  generator  the  ring  armatures  of  botli  the 
exciter  and  multiple  circuit  generators  are  fixed  to 
a suitable  framing.  The  shaft  carries  an  iron  plate, 
on  one  side  of  which  are  fixed  the  inducing  electro- 
magnets of  the  smaller  ring  armature,  and  on  the 
other  side  those  of  the  larger  armature.  Both 
armatures  are  fixed  to  their  respective  side  frames 
and  to  their  supports  by  iron  holders,  the  side 
frames  being  fixed  to  a strong  ring  frame  attached 
to  the  base.  The  sections  of  the  smaller  armature 
are  connected  to  each  other  continuously  through  the 
plates  of  a fixed  commutator.  The  brushes  revolve 
with  the  shaft.  The  continuous  current  produced 
is  employed  to  excite  the  magnets  of  both  generators, 
each  section  of  the  larger  armature  being  connected 
to  an  insulated  terminal  fixed  to  the  frame.  When 
used  as  a motor,  double  brushes  are  employed,  one 
pair  or  the  other  being  brought  into  action. 

Arc  Lamps. — This  relates  to  improvements  on 
Patent  No.  4,595  of  1878.  The  two  semicircular 
carbons  are  carried  in  holders  fitted  in  the  outer 
ends  of  two  radial  arms  attached  to  spindles  having 
a common  centre  in  brackets  depending  from  the 
lamp  frame.  To  the  arms  are  fixed  two  pinions, 
which  gear  by  racks  with  two  other  pinions,  on  the 
spindle  of  which  is  mounted  a wormwheel  gearing 
with  a screw.  On  the  spindle  of  the  screw  are 
two  ratchet-wheels,  with  their  teeth  set  in  reverse 
directions.  A second  spindle  carries  a lever  and  a 
double  cam-shaped  armature  actuated  by  an  electro- 
magnet. The  lever  has  two  pallets,  one  of  whicli 
turns  one  of  tlie  ratchet-wheels,  the  other  turning 
the  second  ratchet-wheel  in  the  reverse  direction. 
An  adjustable  guard  surrounds  a portion  of  the  cir- 
cumference of  the  ratchet-wheels,  and  prevents  tlie 
pallets  acting  unnecessarily  on  the  wheels.  The 


guard  is  so  constructed  that  if  the  lever  be  placed 
at  its  centre  both  pallets  are  lifted  on  it.  A spring 
acts  in  opposition  to  the  armature,  and  tends  to 
close  the  carbons  together.  A small  shaft  pressed 
in  from  the  outside  lifts  the  pallets  off  the  ratchet- 
wheels,  and  by  a bevel-wheel,  engaging  with  the 
scre^v  spindle,  the  carbon  liolders  can  be  separated 
by  hand.  Screws  may  be  used  in  place  of  racks 
to  connect  the  carbon-holders  with  the  regulating 
mechanism.  In  another  lamp  the  negative  semi- 
circular carbon  is  about  half  the  diameter  of  the 
positive  one,  the  feed  is  effected  by  an  electro- 
magnet acting  as  a brake  upon  the  circumference 
of  a segment-shaped  armature,  the  separation  of 
the  carbons  being  effected  as  previously  described. 
The  carbon-holder  arms  may  be  balanced  by  the 
rack,  the  pivots  on  which  they  turn  being  placed  at 
angles  to  each  other.  A thick  rod  of  carbon  may  be 
placed  above  the  arc  to  act  as  a reflector.  In  a fur- 
ther modification  two  pairs  of  semicircular  carbons, 
crossing  each  other  at  right  angles,  are  employed. 
Each  arm  is  fixed  at  one  end  to  a bevelled  pinion, 
and  each  pair  is  geai'ed  to  a second  bevelled  pinion, 
which  maintains  equality  of  feed.  The  upper  or 
positive  carbons  are  carried  on  pinions,  mounted  on 
a movable  frame,  which  is  lifted  on  the  passage  of 
current  and  forms  tlie  arc.  In  another  lamp  two 
semicircular  carbons  and  one  straight  carbon  rod 
are  used.  A curved  metal  electrode,  through  which 
water  passes,  may  be  used  in  place  of  the  negative 
carbons. 

Carbon.s. — The  discharge  passage  from  the  cylin- 
der, out  of  which  the  carbon  preparation  is  pressed 
by  the  piston,  is  made  in  a curved  form.  It  is  pre- 
ferred to  make  the  carbons  oval  in  section,  and  to 
press  them  in  dies  to  the  required  size  and  section. 

Electro-Magnets. — The  fourth  part  of  the  in- 
vention relates  to  winding  electro-magnets  with 
insulated  conducting  tubes  in  place  of  solid  wires, 
thus  providing  for  the  passage  of  air.  Mater,  &c., 
round  the  cores. 

4,590. — G.  P.  Harding,  Paris.  Electric  Light- 
ing. 6d.  (11  figs.)  November  11. 

Arc  Lami’S. — The  carbons  arc  placed  horizon- 
tally, preferably  one  above  the  other,  in  tu  o tubes, 
and  are  held  at  one  end  in  a cap  M’hich  is  fed  for- 
ward by  a M cight.  The  descent  of  the  M'eight  is 
controlled  by  a cam  actuated  by  an  electro-magnet 
gripping  the  suspending  cord.  One  of  the  tubes 
is  pivotted  and  is  momentarily  attracted  by  an 
electro-magnet  in  a shunt  circuit  to  establish  the 
arc,  and  is  then  repelled  by  a spring.  In  a modi- 
fication the  controlling  apparatus  is  an  expan- 
sible spiral,  placed  near  the  arc,  pressing  a crank 
Mdiich  releases  the  gripping  cam.  Fusible  stops 
may  be  employed  for  the  same  purpose,  a number 
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being  mounted  radially  on  a disc  ■which  turns  a 
portion  of  a revolution  as  each  one  is  consumed 
and  thus  frees  the  feed  gear  during  the  time  of  its 
movement. 

4,653. — J.  Hopkinson,  London.  Apparatus 
for  the  Transmission  of  Power  by  Elec- 
tricity. 6d.  (6  figs.)  November  14. 

Electro  - MaCxNetic  Motor. — This  invention 
relates  to  methods  of  reversing  the  direction  of 
rotation  of  the  armature,  and  has  reference  to 
improvements  on  Patent  No.  2,481  of  1879.  The 
brushes  are  carried  by  a cross-piece,  movable 
about  the  axis  of  the  armature.  The  electrical 
connections  are  made  by  spring  contact  pieces 
arranged  in  relation  to  fixed  metal  pieces  so  as  to 
be  connected  with  either  the  positiv'e  or  negative 
source  of  electricity  only  when  the  brushes  are  in 
their  correct  positions. 

4,696. — A.  M.  Clark,  London.  [J.  S.  Lamar, 
Augusta,  Georgia,  U.S.A.)  Electro -Mag- 
netic Engines.  6d.  (5  figs.)  November  18. 

Electro-Magnetic  Motor. — A shaft  mounted  in 
bearings  carries  a wheel  having  a series  of  electro- 
magnets attached  to  its  periphery  with  their  axes 
parallel  to  the  shaft  and  equidistant  from  each 
other.  Tlie  cores  are  wound  so  as  to  be  alter- 
nately N.  and  S.,  and  are  furnished  at  their  ends 
with  soft  iron  elliptical  pole-pieces  having  their 
longer  sides  tangential  to  the  circle  in  which  they 
revolve.  On  a wooden  frame  surrounding  the 
wheel  are  secured  an  equal  number  of  permanent 
magnets  arranged  on  both  sides  of  the  frame  in 
alternate  polarity.  The  commutator,  preferably 
mounted  on  a separate  shaft  driven  by  gearing, 
consists  of  a number  of  interlocking  tongues,  insu- 
lated from  the  shaft,  on  which  two  springs  con- 
nected with  the  poles  of  the  generator  bear.  Two 
contact  springs  also  bear  on  the  commutator  and 
on  two  insulated  rings,  mounted  on  the  shaft,  to 
one  of  which  the  initial  and  to  the  other  the  ter- 
minal ends  of  the  helices  are  connected.  Two  or 
more  wheels  carrying  electro-magnets  may  be 
mounted  on  the  same  shaft,  the  arrangement  of 
the  permanent  magnets  then  being  such  that  the 
magnets  of  the  one  series  will  face  the  space  be- 
tween two  magnets  of  the  next  series.  Each  set 
of  electro-magnets  is  provided  with  a separate 
commutator.  A mechanical  starter  consists  of  a 
crown-wheel  and  lever  so  arranged  that  when  its 
longer  arm  is  moved  its  shorter  arm  will  engage 
one  of  the  teeth  of  the  crown-wheel.  A wheel 
reverse!’  and  brake  consists  of  a wooden  block 
fitted  with  metallic  ends  projecting  below  the  wood 
and  resting  on  two  parallel  electrical  conductors 
connected  with  the  commutator  springs  ; the  block 


turns  on  an  insulated  bolt,  and  the  metallic 
ends  kept  in  contact  by  a coiled  spring,  are  con- 
stantly pressed  by  springs  connected  to  the  poles 
of  the  generator.  'I’he  current  is  reversed  by 
moving  the  ends  from  one  of  the  underlying  con- 
ductors to  the  other.  A “ substitute!’”  is  employed 
to  switch  in  other  batteries  in  place  of  those 
exhausted.  A centrifugal  governor  opens  the 
circuit  when  the  speed  becomes  excessive. 

*4,718. — W.  B.  Godfrey,  London.  Apparatus 
for  Holding  the  Electrodes  for  Use  in 
Electric  Lighting.  2d.  November  20. 

Carbon-Holders. — These  are  arranged  so  that 
when  one  pair  of  carbons  has  burnt  to  a given 
point,  another  pair  shall  automatically  succeed 
them.  The  action  depends  on  a wire  attached  to 
the  carbons  at  the  desired  point,  which  is  arrested 
by  a stop  so  long  as  the  wire  is  intact,  but  which, 
when  the  wire  is  fused,  puts  the  apparatus  in 
motion. 

4,796. — T.  E.  Gatehouse,  London.  Electric 
Lighting  Apparatus.  Sd.  (12  figs.)  No- 
vember 25. 

Arc  Lamp. — A horizontal  axle,  mounted  betw-een 
two  standards,  carries  a metal  disc,  on  the  periphery 
of  which  are  fixed  radially  a number  of  carbon- 
holders,  each  oscillating  on  a pivot.  Bolted  to 
the  metal  disc  is  a disc  of  ebonite,  to  which  are 
fixed  a corresponding  number  of  carbon-holders. 
The  discs  are  rotated  by  a spring.  To  each  of  the 
fixed  carbon-holders  is  attached  a rod,  from  which 
a wire  stop  is  carried  to  the  carbon ; these  stops, 
catch  against  an  adjustable  insulated  detent 
!nounted  on  one  of  the  standards.  Attached  to 
the  detent  is  a contact  spring  wdiich  establishes 
connection  between  the  respective  separate  carbon- 
holders  and  a terminal  on  the  base  of  the  lamp. 
The  points  of  the  carbons  are  held  together  by  a 
fusible  composition.  Or  a magnet  in  a shunt 
circuit  tilts  the  movable  carbon-holder  by  means  of 
an  armature  and  rod,  and  brings  the  points  of  the 
carbons  into  momentary  contact.  The  carbons 
may  be  disposed  ii!  a straight  row  or  in  a circle. 
In  an  arrangement  for  carrying  Jablochkoff  camlles 
a high  resistance  shunt  magnet  lifts  a catch 
lever  O!!  the  extinction  of  the  arc,  and  permits 
the  next  candle  to  come  to  the  points  of  contact. 
The  contact  piece  may  be  rotated  round  a centre 
by  a spring  which  is  controlled  by  a fusible 
stop-piece  fixed  to  the  same  centre  as  the  con- 
tact piece.  The  carbon-holders  are  set  each  in 
succession  nearer  the  centre,  so  that  the  second 
pair  shall  check  the  stop-piece  after  its  end  has 
been  fused  off  by  the  first  pair  and  so  on.  In 
a lamp  for  burning  semicircular  carbons  an  axle 
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carried  in  suitable  bearings  has  its  two  holders 
insulated  from  each  otiier,  and  carries  at  its  eentre 
a hollow  boss  of  insulating  material,  into  which 
are  fixed  at  a little  distance  apart  two  arms  fitted 
at  their  outer  ends  with  carbon- holders.  The 
cai'bons  are  kept  equidistant  by  pieces  of  porcelain. 
Attached  to  the  axle  are  discs  of  metal,  each  carry- 
ing radiating  arms,  through  holes  in  the  end  of 
which  are  placed  fusible  stops.  Two  arms  make 
contact  with  the  carbons  at  any  given  point.  The 
axle  is  rotated  by  a coiled  spring,  and  is  held  in 
position  by  an  arm  catching  against  the  fusible 
stops.  After  fusing  tlie  last  stop  the  lamp  short- 
circuits  itself. 

4,821. — W.  Elmore,  London.  Production  of 
Alloys  for  Shipbuilding,  &c.  4d.  Novem- 

ber 25. 

Genekators.  — An  alloy  consisting  of  about 
85  per  cent,  of  nickel  and  15  per  cent,  of  magnesia, 
is  added  to  the  iron  of  which  the  electro-magnet 
cores  of  dynamo-electric  generators  are  made  ; 
about  10  per  cent,  of  the  alloy  is  used. 

*4,846. — E.  Mourdat,  Paris.  Substitute  for 
Gutta-Percha.  2d.  November  27. 

Insulating  Material. — This  consists  of  the 
residue  left  after  distilling  the  bark  of  the  birch. 

*4,916. — J.  C.  Mewburn,  London.  (/.  Heins, 
Philadelphia,  U.S.A.)  Compositions  for 
Insulating  Telegraph  Wires,  Cables,  &c. 
2d.  December  1. 

Conductors. — Three  insulating  compositions 
are  described.  The  first  is  composed  of  aliout 
501b.  of  natural  asphaltum,  301b.  of  resin,  101b. 
of  beeswax,  10  lb.  of  caoutchouc,  10  gallons  of 
linseed  oil.  For  driers,  a mixture  is  made  of 
about  12  lb.  of  litharge,  15  lb.  of  oxide  of  man- 
ganese, 5 lb.  of  borax,  and  5 lb.  of  lime.  For  pro- 
tection from  the  influence  of  heat  a mixture  of 
40  lb.  of  powdered  asbestos  and  18  lb.  of  alum 
are  used  ; the  wire  is  covered  with  a fibrous 
material  and  tlien  boiled  in  a bath  of  the  solution. 
The  third  composition  is  for  filling  in  the  pipes  in 
which  the  conductors  are  carried,  and  consists  of 
about  00  gallons  of  dead  oil,  40  lb.  of  caoutchouc, 
1,1201b.  of  natural  asphaltum,  3201b.  of  powdered 
asbestos,  and  1501b.  of  powdered  alum.  The  whole 
is  combined  by  heat,  and  introduced  into  the  pipe 
in  a fluid  state. 

5,056. — M.  Gray,  London.  Supplying  Plastic 
Compounds  of  India-Rubber  and  Gutta- 
Percha  to  Moulding  or  Shaping  Dies. 
Cd.  (3  figs.)  Dccendjcr  10. 

Conductors. — 'I'he  insulating  compound  is  fed 


under  pressure  into  a cylinder,  fitted  with  a pro- 
pelling screw,  by  steam-heated  rollers.  The  com- 
pound leaves  the  rollers  in  the  form  of  a sheet 
and  is  contracted  in  breadth  by  end  guides  which 
convert  it  into  the  form  of  a cord,  in  which  shape 
it  enters  the  cylinder.  The  object  is  to  free  the 
mi.xture  from  all  air  and  moisture. 

5,085. — W.  Lloyd  Wise,  London.  [E.  Biinjin. 
Basle,  Sivitzerland.)  Dynamo-Electric  Ma- 
chines and  Electromotive  Engines.  8d. 
(12  figs.)  December  11. 

Dynamo-Electric  Gener.\tor.  — A cylindrical 
armature  consisting  of  a number  of  polygonal- 
shaped rings  on  the  sides  of  which  the  coils,  each 
set  slightly  in  advance  of  those  on  the  ring  next 
behind  it,  are  wound,  revolves  in  a tunnel  bored  in 
the  centi’al  pole-pieces  of  the  electro-magnets.  The 
frame  is  formed  of  two  horizontal  electro-magnets 
each  consisting  of  a single  piece  of  cast-iron,  attached 
firmly  to  each  other  at  their  outer  ends.  The  coils 
are  wound  so  as  to  produce  N.  and  S.  poles  at  the 
middle  of  the  length  of  each  magnet.  The  general 
construction  of  the  generator  is  shown  in  Fig.  1 , 


in  which  1*  1*  ax-e  the  coi’e-pieces,  c c the  coils,  Z 
one  of  the  brushes,  2,  2 tenninal  enlargements  of 
the  core-pieces  by  means  of  which  they  are  bolted 
together,  N and  S the  cylindrically-bored  pole- 
pieces  in  which  the  armatui’e  I’evolves.  One  of  the 
armature  rings  is  shown  in  detail  at  Fig.  2,  and 
consists  of  a bush  ?)x,  from  which  arms  d of  non- 
magnetic material  radiate.  Mounted  on  these  arms 
is  the  polygonal  ix'on  ring  on  the  sides  of  which 
the  coils  of  insulated  copper  wire  f / are  ivound  ; 
The  whole  is  mounted  on  the  shaft  1)’.  The  ai-ma- 
turc  consists  of  a nundxer  of  these  rings  arranged 
as  above  described.  The  coils  are  wound  in  tlie 
same  direction  on  each  side  of  the  polygonal  core 
and  arc  connected  successively  with  each  other, 
thus  tlie  end  of  tlie  first  coil  is  joined  to  the 
beginning  of  the  second  coil  and  so  on,  the  end  of 
the  last  lieing  joined  to  the  comnienccment  of  the 
fii’st  so  as  to  form  a closed  circuit.  Each  of  the 
joints  is  connected  with  a corresponding  plate  of 
the  commutatoi',  which  is  composed  of  the  same 
number  of  plates  as  the  cylinder  has  coils.  Each 
plate  is  insulated  from  the  others  and  corresponds 
with  the  coil  lying  in  the  same  I'adius.  The  brushes 
bear  on  opposite  plates  of  the  commutator  and  are 
connected  to  the  coils  of  the  clectro-niagncts,  or 
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the  electro-magnets  may  be  separately  excited  or 
be  excited  by  part  only  of  the  current  generated, 
or  be  replaced  by  permanent  magnets.  The  -u  ires 
of  the  armature  coils  may  be  replaced  by  insulated 
copper  ribbons.  In  a generator  for  iiroducing  alter- 
nating currents  the  stationary  frame  is  made  of 
wrought  or  cast-iron  and  consists  of  two  or  more 
core-pieces.  The  coils  are  wound  so  as  to  form 
poles  of  like  name  on  diametrically  opposite  sides 
of  the  shaft,  on  which  are  mounted  a number  of 
rings  or  “ elements”  constructed  similarly  to  those 
previously  described,  but  having  the  wire  wound  in 
different  directions  on  alternate  sides  of  the  rings  ; 
thus  each  ring  forms  a closed  circuit  and  the  two 
ends  of  its  n ire  are  connected  to  the  commutator 
rings.  The  polygonal  core  of  each  ring  has  its 
edges  equal  in  number  to  the  pole-pieces  of  the 
electro-magnets.  The  commutator  G,  as  shown  at 
Figs.  3 and  4,  is  constructed  with  a sleeve  in- 
sulated from  and  secured  on  the  shaft  D'  and  is 
composed  of  a series  of  segments  S\  S-,  S^,  S'*,  all 


insulated  from  each  other  and  corresponding  in 
number  to  the  “elements”  of  the  armature.  To 
these  segments  are  connected  the  wires  i leading 
from  the  elements,  the  wire  of  the  first  element 
being  connected  to  the  segments  S*  and  so  on.  The 
commutator  comprises  also  the  rings  ?•*,  r",  r^,  r*, 
insulated  from  each  other  and  secured  to  the  seg- 
ments, with  one  of  which  each  ring  is  connected. 
The  ring  q is  insulated  from  all  parts  of  the  com- 
mutator, but  is  connected  with  each  of  the  elements 
by  the  wii-es  L L,  &c.  The  currents  are  taken 
from  brushes  bearing  on  the  rings  ?•’,  )•-,  and  retuni 
by  a brush  bearing  on  the  ring  q.  The  ring  q and 
its  brush  may  be  omitted  by  connecting  the  wires  b 
with  the  shaft.  The  electro-magnets  are  separately 
excited  by  a continuous  current.  In  a self-exciting 
alternating-current  generator  the  armature  is  com- 
posed of  four  elements  constructed  as  last  described 
but  all  set  in  the  same  position  and  not  spirally  on 
the  shaft,  so  that  the  points  on  which  the  two  ends 
of  the  wires  come  are  divided  equally  on  the  cir- 
cumference of  the  cylinder.  The  terminal  wires  of 
the  armature  coils  are  connected  to  the  commutator 
as  before  described,  and  the  coils  of  the  electro- 
magnets are  connected  to  a brush  bearing  on  the 
ring  q and  another  bearing  on  the  segments  s. 

5,127.— T.  A.  Edison,  New  Jersey,  U.S.A.  Elec- 
tric Lamps,  &c.  Cd.  (6  figs.)  December  15. 

IxcANDESCENCE  Lamp.s. — This  relates  to  an  im- 
proved method  of  making  the  carbon  filament  and 


attaching  it  to  the  conductors  of  the  lamp  described 
in  Patent  No.  4,.576  of  1879.  Tlie  filaments  are 
made  of  paper,  preferably  “Bristol  board.”  A 
number  of  suitably-shaped  narrow  strips  with 
slightly  enlarged  ends  are  cut  out  and  laid  in  an 
iron  mould,  a sheet  of  tissue  paper  being  interposed 
between  each  strip,  and  a light  weight  made  of  a 
piece  of  gas  retort  carbon  is  then  laid  on  the  top. 
The  mould  is  closed  with  a cover  and  the  whole 
gradually  raised  to  600  deg.  Fahr.  and  allowed  to 
cool,  after  which  it  is  raised  to  white  heat.  The 
clamps  for  connecting  the  filament  with  tlie  con- 
ductors are  made  of  a steel  spring,  tipped  at  its 
ends  with'platinuin  and  bent  into  a bow,  having  its 
ends  crossed  and  turned  back  towards  each  other, 
similar  to  the  figure  8,  the  opening  being  at  the 
upper  end. 

5.156.  — S.  Pitt,  Sutton,  Surrey.  (0.  E.  Scribner, 

Chicago,  U.S.A.)  Electric  Light  Regulators. 
8d.  (3  figs.)  December  16. 

Arc  Lamps. — -The  upper  carbon-holder  is  attached 
to  a rod  held  by  a friction  clip  carried  upon  the 
armature  of  an  electro-magnet  in  the  main  circuit. 
This  magnet  separates  the  carbons  on  the  passage 
of  the  current.  The  feed  is  controlled  by  a mag- 
net, placed  in  a shunt  circuit,  the  armature  of 
which  is  suspended  by  springs.  During  its  down- 
wai'd  movement  the  armature  carries  with  it  the 
carbon-rod  by  means  of  a clutching  device.  The 
return  motion  is  effected  by  breaking  the  shunt 
circuit.  A small  slide  mounted  in  the  frame  is 
capable  of  moving  in  the  same  direction  as  the 
armature,  and  rests,  when  in  its  highest  position, 
against  a spring  contact  point  which  comjjletes  the 
shunt  circuit.  The  slide  carries  two  adjustable 
sci’ews,  between  the  ends  of  which  a finger  attached 
to  the  armature  plays.  In  the  downward  move- 
ment of  the  armature  the  finger  comes  against  the 
lower  screw,  and  moves  the  slide  from  the  spring- 
contact  point,  and  so  breaks  the  shunt  circuit.  The 
armature,  is  then  lifted  by  its  suspending  springs 
and  the  circuit  completed  again.  The  clutching 
device  consists  of  two  springs  of  unequal  strength 
mounted  one  at  each  end  of  the  armature,  through 
the  centre  of  which  the  rod  slides,  which  springs 
cause  the  armature  to  take  a skew  position  when 
attracted,  and  grip  the  rod. 

5.157.  — H.  F.  Joel,  London.  Magneto-Electric 
Machines  and  Electric  Light  Apparatus. 
lOd.  (31  figs.)  December  16. 

Dynamo-Electric  and  Magneto-Electric  Ge- 
nerators. — Two  circular  - shaped  standards  of 
dia-magnetic  material  mounted  on  a base-xilate 
support  in  insulated  bearings  a compound  axle 
made  up  of  wood,  and  having  two  end  prolonga- 
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tions  of  iron.  On  this  axle  are  mounted  the  iron 
cores  of  the  inducing  electro-magnets  of  quadrant- 
shaped  outline,  the  spokes  and  rims  of  which  are 
wound  with  insulated  wire  or  tape,  and  con- 
nected so  that  the  centres  of  the  rims  shall  form 
the  pole  terminals,  adjoining  poles  being  reversed. 
On  the  rims  are  fitted  iron  tooth-shaped  pro- 
jections, between  which  the  wire  is  wound  length- 
wise. Supported  in  the  annular  rims  of  the  stan- 
dards are  circular-shaped  electro-magnets,  which 
have  toothed  iron  projections  corresponding  in 
number  and  position  to  those  in  the  armature. 
The  ends  of  the  cores  are  prolonged  and  turned  up, 
so  as  to  bring  only  the  centres  of  the  coils  under 
the  influence  of  the  inducing  electro-magnets.  The 
electro-magnets  surround  the  armature,  and  are 
wound  lengthwise  with  insulated  wire  laid  between 
the  iron  projecting  teeth  in  a direction  opposite  to 
the  winding  of  the  annature.  The  coils  are  con- 
nected across  the  end,  the  coils  of  one  set  to  the  first 
coils  of  the  other  set.  A commutator  is  used  to 
change  the  alternating  currents  of  the  outside  coils 
into  continuous  currents.  The  long  coils  may  be 
divided  into  separate  smaller  coils,  all  having  the 
same  polarity.  In  a modification  an  axle  cairying 
radial  permanent  horseshoe  magnets  revolves  within 
the  circular  electro-magnets.  Attached  circum- 
ferentially between  the  ends  of  the  permanent 
magnets  are  electro-magnets  provided  with  toothed 
shaped  iron  projections  corresponding  to  those  in 
the  circular  electro-magnets.  In  a continuous  cur- 
rent generator  the  induced  coils  revolv'e  between 
permanent  magnets,  fixed  with  their  like  poles  all 
on  one  side  of  the  ring.  The  cores  of  the  induced 
coils  are  connected  together  by  centre  pieces,  the 
wires  on  eacli  being  wound  in  opposite  directions. 
The  centre  pieces  extend  beyond  the  coiling  on  the 
cores,  and  have  each  a separate  coil  of  wire  on  them. 
In  a modification  the  magnetic  action  is  obtained  by 
induction,  the  centre  pieces  not  being  in  actual  con- 
tact with  the  coi’e-pieces.  Either  the  inducing  or 
induced  systems  may  rotate.  The  commutator  is 
movable  on  the  shaft  to  which  it  is  attached  l>y  a 
strong  spiral  spring,  and  has  a rim  of  soft  iron 
fastened  to  it  ; soft  iron  prolongations  of  the  in- 
duced electro-magnets  project  down  in  front  of  the 
rim,  and  retard  the  movement  of  the  commutator 
during  the  magnetisation  of  the  induced  electro- 
magnets, the  spring  assisting  its  forward  movement 
during  the  period  of  rest  or  demagnetisation. 

Semi-Incandescekck  Lamps. — Two  contact  clips 
of  bell-crank  form  are  pivotted  to  a nipple,  and 
have  their  lower  arms  horizontal  and  the  upper 
ones  inclined  so  as  to  meet.  Passing  through 
the  nipple  is  a tube  having  a pivotted  flange 
at  the  top  and  a collar  and  rollere  near  the 
bottom.  A weight  suspended  from  the  rollers  by 
a cord  presses,  through  the  flanged  tube,  on  the 


lower  arms  of  the  clip  , so  closing  together  the 
upper  ones.  The  weight  also  presses  the  lower 
electrode  upwards  against  a small  block  of  carbon. 
When  the  lower  electrode  is  completely  lowered, 
the  enlarged  end  of  the  carbon-holder  touches  a 
contact  and  short-circuits  the  lamp. 

Arc  Lamivs.  — The  lower  carbon  slides  through 
two  contact  jaws,  which  are  supported  on  two 
links  forming  the  armatures  to  two  electro-magnets 
placed  in  the  lamp  circuit.  On  the  passage  of 
current  the  magnets  attract  the  contact  jaws,  press- 
ing out  springs,  and  by  the  parallel  movement  of 
the  links  force  the  lower  carbon  down,  and  by  cords 
and  pulleys  attached  thereto  simultaneously  lift 
the  upper  carbon.  Part  of  the  electro-magnets 
may  be  coiled  as  a shunt.  A pulley  having  its 
edges  milled  is  free  to  turn  on  the  end  of  a pivotted 
arm  ; an  adjustable  screw  is  placed  above  the 
pulley  round  wliich  the  cord  is  passed,  and  should 
this  be  jerked  by  the  abrupt  fall  of  the  upper 
weighted  carbon,  the  pulley  is  carried  upward 
against  the  sci'ew  and  checked.  In  a modification 
an  electro-magnet  in  the  lamp  circuit  actuates  a 
pivotted  armature,  to  which  at  the  end  of  an  ex- 
tended pieee  is  loosely  jointed  a link,  to  the  lower 
end  of  which  are  pivotted  two  cross  links,  these 
again  being  jointed  to  two  contact  jaws,  which  are 
carried  on  pivots  on  a cross-piece.  A second  electro- 
magnet “of  considerable  resistance,  connected  to 
a distinct  and  auxiliary  circuit  wire  leading  from 
the  machine  ” has  its  armature  connected  to  the 
cross-piece  by  a lever  and  connecting  link,  and  at 
intervals  by  means  of  a make-and-break  contact 
causes  the  jaws  to  release  the  carbon.  The  lower 
carbon  is  fixed.  Another  arrangement  of  contact 
jaws  consists  in  mounting  on  the  ends  of  armatures 
rollers  supported  and  kept  in  contact  by  springs, 
or  the  rollers  may  be  mounted  on  one  end  of 
pivotted  levers,  the  otlier  ends  of  which  are 
weighted.  The  lamps  are  constructed  in  such  a 
way  that  the  act  of  fixing  them  in  their  supports 
makes  the  necessary  contacts.  The  movement  of 
the  two  carbons  together  may  be  controlled  by  a 
system  of  parallel  links,  the  centres  of  whicli  slide 
in  a slotted  groove.  An  ecpiivalent  resistance  and 
switch  is  arranged  so  that  the  switcliing  out  of  the 
lamp  inserts  the  resistance. 

5,206.— G.  G.  Andre,  Dorking,  Surrey.  Electric 
Lamps,  fid.  (8  figs.)  December  19. 

Arc  Lamp. — This  relates  to  Patent  No.  8.80  of 
1879,  and  consists  in  surrounding  the  tube  in  which 
the  upper  carbon  rod  slides  by  an  outer  tube  from 
which  it  is  insulated.  The  carbon  is  fed  down  by 
a weight,  and  passing  out  tlirough  a steatite  ferrule, 
rests  on  tlie  negative  electrode  of  copper  carried  by 
an  adjustable  bracket  connected  to  tlie  outer  tube 
to  which  the  base-plate,  formed  with  a screwed 
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ring  on  its  circumference,  is  attached.  To  the  base- 
plate is  fixed  a flanged  glass  globe,  which  may  be 
surrounded  by  an  outer  globe.  The  steatite  ferrule 
is  attached  to  a contact  piece  pivotted  to  the  lower 
end  of  the  inner  tube,  and  by  its  own  weight 
presses  against  the  carbon  a bent  rod  of  copper 
of  segmental  form.  The  lon  er  electrode  may  be 
formed  with  a sloping  recess,  the  sliding  of  the 
carbon  on  the  incline  throwing  it  against  the  upper 
contact  piece  ; or  the  carbon  may  pass  through  an 
eye  formed  in  the  lower  electrode  and  rest  on  an 
incline  below  the  ej'e. 

CoMMUT.\TOE. — The  second  part  of  this  invention 
relates  to  a commutator  for  reducing  the  resistance 
of  an  electro-magnet  coil,  by  shunting  a portion  of 
the  current  after  the  armature  is  attracted.  A 
frame  is  provided  with  two  standards,  to  one  of 
which  an  armature  is  pivotted.  The  outer  end  of 
the  armature  covers  a pillar  fitted  with  an  insulating 
ring  pressed  upward  by  an  adjustable  helical  spring. 
A resistance  coil,  proportioned  to  take  the  desired 
amount  of  current  from  the  magnet,  has  one  of  its 
ends  connected  to  the  pillar  and  the  other  to  the 
wire  leading  to  the  lamp,  which  is  coiled  round  a 


core  and  passes  to  one  of  the  standards  to  which 
the  armature  is  pivotted.  Round  a second  core  is 
coiled  a thinner  wire  in  a direction  contrary  to  the 
first,  so  as  to  neutralise  its  effects,  and  this  has  one 
end  connected  to  the  second  standard,  whicli  is 
fitted  with  a projection  making  contact  with  the 
armature  when  it  is  released  ; the  other  end  is 
fitted  to  an  insulated  stop,  with  which  the  arma- 
ture makes  contact  when  attracted.  One  end  of 
the  main  conductor  is  attached  to  the  first-men- 
tioned standard,  and  the  other  end  to  the  second 
standard.  The  current  entering  the  first  divides 
itself  between  the  thick  or  lamp  coil  and  the  arma- 
ture which  is  in  contact  with  the  second  standard. 
The  thick  wire  core  then  draws  down  the  armature, 
and  forms  contact  with  the  pillar  which  shunts  the 
current  througli  the  resistance  coil ; simultaneously 
the  armature  makes  contact  with  the  insulated  stop 
whereby  the  thin  wire  is  thrown  into  circuit,  thus 
partly  neutralising  the  effect  of  the  thicker  coil. 
An  increase  of  resistance  in  the  lamp  causes  more 
current  to  pass  through  the  thin  coil,  thereby 
neutralising  the  effect  of  the  thick  coil  and  releas- 
ing the  armature. 
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18. — J.  W.  Swan,  Newcastle-on-Tyne.  Electric 
Lamps.  2d.  January  2. 

IxcANDESCENCE  L.\Mi\ — To  prevent  the  carbon 
gradually  wasting,  and  the  interior  surface  of  the 
globe  being  coated  with  a carbonaceous  dei^osit 
when  the  globe  is  nearly  exhausted  by  a “ Sprengel” 
pmmp,  the  carbon  is  rendered  incandescent  by  the 
passage  of  an  electric  current,  and  the  exhaustion 
of  the  globe  is  then  completed. 

33. — T.  A.  Edison,  Xew  Jersey,  U.S.A.  De- 
veloping Electric  Currents  for  Electric 
Lights.  4d.  January  3. 

Electric  Light. — A high  resistance  dynamo- 
meter, “similar  to  that  of  Webber,”  is  used  to 
indicate  the  rise  or  fall  of  E.M.F.  in  the  external 
circuit.  Two  instruments  are  used  connected 
across  the  conductors  in  multiple  arc.  The  move- 
ments of  the  dynamometer  are  transferred  to  large 
dials  by  gearing.  Each  engine  and  its  generators 
are  arranged  so  as  to  form  a complete  system.  Two 
large  copper  rods,  and  a number  of  connecting 
levers,  afford  a means  of  coupling  the  generators  in 
multiple  arc.  The  field  magnet  of  each  generator 
is  so  wound,  or  the  pulleys  are  so  proportioned,  that 
strengthening  the  magnet  or  increasing  the  speed 
shall  adjust  the  E.M.F.  of  induction  to  the  same 


amount  in  all  the  generators.  Sets  of  subsidiary 
generators,  driven  by  two  or  more  of  the  engines, 
supply  current  to  excite  the  field  magnets  of  all  the 
generators.  A switch  provides  for  changing  a sub- 
sidiary generator  from  one  set  to  the  other  ; these 
generators  are  also  arranged  in  multiple  arc.  The 
field  magnets  of  the  main  generators  are  connected 
in  rows  “ of,  say,  ten  ” in  series,  and  these  rows 
are  connected  in  multiple  arc.  Switches  are  pro- 
vided for  disconnecting  the  rows  of  field  magnets 
when  the  armature  has  been  disconnected  from  the 
mains.  The  field  magnets  of  the  subsidiary  gene- 
rators are  separately  excited,  and  in  this  exciting 
circuit  is  an  adjustable  resistance  operated  by  a 
switch,  by  wliich  means  the  output  of  current  may 
be  controlled.  Each  generator  has  in  its  armature 
circuit  a short  wire  of  bismuth,  or  other  fusible 
metal,  to  prevent  the  admission  of  current  from  the 
mains  should  the  genei-ator  from  any  cause  be 
stopped  while  the  others  continue  running.  Each 
generator  is  fitted  with  fast-and-loose  pullej’s. 

Electko-Magxetic  Motors. — These  liave  the 
field  magnets  of  higher  resistance  than  the  arma- 
ture, and  are  connected  to  the  mains  in  multiple 
arc.  They  are  run  at  high  speeds,  using  a small 
pulley  on  the  motor.  Wlien  used  for  pumping 
water,  a float  serves  to  make  and  break  the  circuit. 
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The  speed  may  be  regulated  by  an  ordinary  governor 
aetuating  a lever  which  breaks  the  circuit  when  the 
speed  becomes  excessive. 

75. — A.  M.  Clark,  London.  (L.  Raynier,  Paris.) 
Dividing  and  Regulating  the  Electric  Light. 
8d.  (4  figs.)  January  7. 

Arc  Lamp. — The  current  is  sent  through  two 
bi'anches,  in  one  of  which  is  the  lamp  and  in  the 
other  a resistance,  preferably  consisting  of  a carbon 
of  small  diameter  ; the  branches  are  re-united  and 
pass  on  as  a single  wire  to  the  next  lamp.  The 
carbons  are  fed  together  by  right  and  left-handed 
screws,  connected  by  an  insulated  coupling  and 
actuated  by  spring  barrels.  A solenoid  placed 
in  the  main  circuit  throws  into  gear  either  one  or 
other  of  the  springs,  and  so  causes  the  carbons  to 
recede  from  or  approach  each  other.  In  a modifi- 
cation the  solenoid  is  placed  in  a divided  circuit, 
and  has  its  current  regulated  automatically  by  a 
second  solenoid,  placed  in  the  main  circuit,  having 
its  core  fitted  with  a metallic  crosshead,  to  which 
are  attached  two  rods  of  carbon  terminating  in 
pistons  dipping  in  vessels  containing  mercury, 
which  interpose  more  or  less  resistance  as  required. 
In  another  arrangement  each  lamp  is  fitted  with  an 
electro-magnet,  placed  in  the  dii’ect  circuit,  the 
armature  of  which  falls  and  closes  a metallic  circuit. 
Should  any  of  the  lamps  become  extinguished,  the 
armature  is  raised  and  the  current  passes  by  a 
divided  circuit,  having  a resistance  equal  to  the 
lamp. 

79. — R.  Werdermann,  London.  Producing  and 
Utilising  Electric  Currents,  &,c.  Cd.  (4 
figs.)  .lanuary  8. 

Dynamo-Electric  Generator. — The  armature 
consists  of  a drum  or  disc  of  wood  fixed  to  a 
shaft  by  bosses.  On  the  periphery  of  this  disc  are 
mounted  the  coils,  which  are  wound  on  an  iron 
core,  of  ring  shape,  in  a direction  pai-allel  to  its 
axis.  The  two  ends  of  each  coil  are  attached  to 
two  insulated  conductors  fitted  one  on  each  side  of 
tlie  disc,  so  that  there  are  as  many  insulated  con- 
ductors on  each  side  of  the  disc  as  there  are  coils. 
Insulated  metal  brushes  fixed  on  the  polar  exten- 
sions of  the  field  magnets  collect  the  currents.  The 
field  magnets  nearly  surround  the  armature,  and 
may  be  permanent  or  electro-magnets.  The  coils 
may  be  joined  up  in  series  or  for  quantity,  and 
they  may  be  wound  all  in  one  direction  for  con- 
tinuous currents,  or  alternately  in  opposite  direc- 
tions for  alternating  currents. 

Incandescence  Lamt>. — 'I'he  glass  containing 
globe  is  in  one  piece,  with  (iouble  walls  and  an 
intervening  space.  I’his  inner  si)ace  is  filled  with 
cai'bon  or  other  conductor,  or  is  plated  with  silver. 


The  outer  globe  is  encircled  externally  with  spiral 
conductors,  and  the  space  between  the  two  globes 
is  filled  with  a gas,  preferably  oxygen  or  siliciu- 
retted  hydrogen.  The  carbon  of  the  inner  and  the 
spiral  conductor  of  the  outer  globe  are  each  con- 
nected to  one  of  the  terminals  of  an  induction  coil. 
The  inner  glass  globe  may  be  replaced  by  a globe 
of  platinum.  In  a modification,  a glass  globe, 
charged  with  gas  as  before,  has  a cylindrical  pro- 
jection on  which  is  mounted  a suitably  wound 
bobbin,  lined  internally  with  silk  or  other  rubbing 
material.  A bracket,  carrying  inducing  magnets, 
is  provided  with  a socket  on  which  is  mounted  the 
bearing  for  a spindle  attached  to  the  bobbin.  A 
current  passing  through  the  bobbin  causes  it  to 
revolve,  and  the  frictional  electricity  developed  on 
the  glass  renders  the  enclosed  gas  luminous. 

*144. — V.  P.  Lambert  and  L.  E.  Iverneau, 
Paris.  Application  of  the  Tides  as  Motive 
Power.  2d.  January  13. 

Electric  Light. — A reservoir  is  so  constructed 
that  it  will  be  filled  at  high  tide.  The  accumu- 
lated water  works  a turbine  -which  in  turn  drives 
a generator  for  producing  the  electric  light. 

203. — J.  Clark,  London.  Developing  Electric 
Light.  2d.  January  16. 

Incandescence  Lamp. — This  refers  to  improve- 
ments on  Patent  No.  3,991  of  1879.  The  filament 
consists  of  asbestos  mixed  with  paper,  the  pulped 
compound  being  made  into  sheets  from  which  the 
carbons  are  cut.  Tliese  are  “ charred”  in  suitable 
cases.  The  filament  is  enclosed  in  a globe  charged 
with  carbonic  acid  gas  or  water. 

*219. — J.  L.  Corbett  and  W.  Lockhead,  Glasgow. 
Propelling  and  Steering  Steam  Ships,  &c. 
4d.  January  17. 

Electric  Light. — A peculiarly  formed  propeller 
may  be  used  as  a motor  “ for  the  driving  of  electro- 
magnetic machines.” 

*231. — F.  W.  Heinke  and  G.  Long,  London. 
Submarine  Electric  Lanterns.  2d.  January 
19. 

Lantekn.s.  — The  bottom  of  a lamp  for  sub- 
marine use  is  made  with  a flanged  plate,  preferably 
of  brass,  to  withstand  the  action  of  the  water.  To 
sink  the  lantern  and  steady  it  when  standing,  legs 
of  lead  are  attached  to  it.  'J’he  conductors  are 
connected  to  unions  secured  to  the  plate,  and  lined 
internally  for  a certain  length  with  vulcanite,  sulll- 
cient  space  being  left  for  the  reception  of  copper 
discs,  to  which  the  wires  leading  to  the  two  poles 
of  the  lamp  arc  conncctc<l.  On  the  upper  surface 
of  the  plate  is  an  india-rubber  disc  which  is  bolted 
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between  it  and  a second  plate  ; a glass  cylinder  rests 
on  a second  india-rubber  disc.  Similar  plates  and 
discs  form  the  lantern  top,  and  are  secured  to  the 
upper  end  of  the  cylinder  by  tie-rods,  passing 
outside  tlie  cylinder.  A metal  rod  passes  through 
a stuffing-box  in  the  top  of  the  lantern  and  extends 
down  to  the  thumb-screw  regulator  of  the  lamp, 
which  is  prefei'ably  of  the  “ Siemens”  type. 

250. — J.  W.  Swan,  Newcastle-on-Tync.  Electric 
Lamps.  Cd.  (8  figs.)  January  20. 

Ixc.\XDE.scEXCE  L.4MP.s. — To  prevent  cracking 
and  leakage,  two  caps  of  platinum  are  attached  to 
the  glass  globe,  or  to  tubes  proceeding  from  it,  at  the 
points  where  the  conducting  wires  enter  the  lamp 
enclosxire.  The  caps  and  wires  are  soldered  together, 
or  are  in  firm  contact  with  each  other.  To  prevent 
the  rupture  of  the  filament  it  is  formed  of  cardboard 
or  parchment  paper,  produced  by  immersing  bibulous 
paper  in  dilute  sulphuric  acid,  and  washing  with 
water  till  the  whole  of  the  acid  is  eliminated,  after 
which  it  is  dried  and  bent  into  the  form  of  a loop. 
The  loop  is  then  enclosed  in  a vessel  containing 
powdered  charcoal,  and  the  whole  submitted  to  a 
white  heat.  The  filaments  are  held  in  the  globe 
by  clips  of  platinum  or  platinum  iridium.  The 
third  part  of  the  invention  relates  to  coating  the 
wires  with  glass  or  enamel  for  preventing  the 
evolution  of  gas  occluded  by  the  conducting  wires. 

315. — W.  R.  Lake,  London.  (E.  J.  HotiMon  and 
E.  Thoimon,  Philadcljdiia,  Penn.,  U.S.A.) 
Apparatus  for  Generating,  Controlling, 
and  Utilising  Electricity  for  Lighting,  &c. 
Is.  (33  figs.)  January  23. 

Dynamo-Electric  Generators. — The  field  mag- 
nets consist  of  a hollow  rectangular  iron  frame, 
upon  the  two  vertical  sides  of  which  coils  are  wound 
in  such  a manner  as  to  cause  the  remaining  sides  of 
the  frame  to  become  of  opposite  polarity.  The  frame 
is  made  in  symmetrical  halves,  bolted  together. 
Pole-pieces,  shaped  to  conform  to  the  circular  out- 
line of  the  armature,  overlap  the  junction  of  the 
two  halves  of  the  frame,  and  have  accessory  coils 
wound  on  the  necks  by  which  they  project  from 
the  frames.  These  are  wound  in  the  same  plane  as 
the  coils  on  the  field  magnets,  and  intensify  the 
polarity  of  the  pole-pieces.  The  sections  of  the 
frame  may  be  slightly  apart,  or  holes  may  be  made 
to  permit  of  an  air  circulation.  The  armature  is 
mounted  on  a shaft  running  in  bearings,  supported 
by  standards  attached  to  prolongations  of  the  frame, 
and  consists  of  two  discs  of  iron  placed  centrally  on 
the  shaft,  between  which,  but  insulated  from  them, 
are  secured  separate  iron  sections  having  a central 
rib  extending  from  disc  to  disc.  Projecting  from 
the  rib  in  a direction  coinciding  with  the  circum- 


ference of  the  armature  core,  is  a series  of  elon- 
gated teeth,  fitting  loosely  into  the  spaces  between 
similar  teeth  on  the  adjoining  sections,  which  are 
sufficient  in  number  to  complete  the  outline  of  the 
armature.  The  coils  pass  diametrically  across  the 
ends  of  the  armature  core,  and  longitudinally  in 
diametrically  opposite  spaces  parallel  to  the  axis. 
Bands  of  brass  encircling  the  armature  keep  the 
coils  in  place.  The  armature  may  have  three  coils, 
each  consisting  of  a single  length  of  wire,  in  which 
case  there  will  be  six  terminals,  half  connected  to 
each  other,  or  to  a metallic  ring  fitted  on  the  shaft, 
and  the  remainder  to  the  segments  of  the  com- 
mutator. Instead  of  connecting  the  terminals  of  the 
coils  together,  they  may  be  connected  to  a second 
commutator,  placed  adjacent  to  the  first,  one  end 
of  one  of  the  coils  being  connected  to  a segment  of 
tlie  first,  while  the  other  end  is  connected  to  a 
diametrically  opposite  segment  of  the  second  com- 
mutator. A wide  pair  of  brushes,  making  contact 
with  both  commutators,  is  then  used.  When  a 
greater  number  of  parallel  wires  are  used,  a pro- 
portionate increase  in  the  number  of  commutators 
is  made,  a pair  of  brushes  being  fitted  to  each 
commutator.  In  one  arrangement  of  circuits  two 
commutators  and  a ring  are  used.  The  two  posi- 
tiv'e  brushes  of  the  commutators  are  connected  to 
form  one  terminal  of  the  external  circuit,  the  two 
negative  brushes  forming  the  other  terminal  of  the 
circuit  in  which  the  field  magnets  are  placed.  A 
common  connection  of  the  armature  coils  is  made 
to  a ring  mounted  on,  but  insulated  from,  the  shaft, 
and  this  is  joined  to  the  middle  of  the  field-magnet 
circuit,  thus  maintaining  a connection  of  the  equi- 
potential  points  of  the  armature  coils,  the  operative 
circuit,  and  the  magnet  coils ; or  each  brush  may 
form  one  terminal  of  a distinct  circuit,  the  returns 
being  brought  to  the  ring.  The  form  of  the  arma- 
ture core  sections  may  be  modified  to  permit  of  their 
being  wound  separately  and  afterwards  put  to- 
gether. When  six  coils  are  wound  alternately  the 
opposite  coils  have  one  pair  of  ends  connected  to  each 
other  ; of  the  six  remaining  terminals  the  three  that 
are  alternate  are  coupled  together,  and  tlie  remain- 
ing three  are  carried  to  the  commutator.  When  finer 
wire  is  used,  one  terminal  of  each  of  tlie  opposite 
coils  are  joined  together,  so  that  the  direction  of 
winding  is  reversed  in  passing  across  the  axis. 
The  joints  are  connected  by  a wire  leading  to  one 
segment  of  the  armature  ; the  remaining  coils  are 
joined  in  pairs  respectively,  and  are  connected  to  the 
two  remaining  commutator  segments  in  a similar 
manner.  The  remaining  six  ends  are  connected  in 
two  sets  of  three,  alternate  ends  being  connected 
ill  a set.  The  commutator  consists  of  three  seg- 
ments, the  separating  slots  being  at  an  oblique 
angle  to  the  axis.  Each  segment  has  two  metal 
rods  passing  through  it  parallel  to  the  axis  ; the 
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ends  of  the  rods  fit  in  plates,  from  which  they  are 
insulated,  carried  on  the  shaft.  Metal  sleeves, 
placed  on  the  rods,  serve  to  keep  the  segments 
centrally  between  the  plates,  and  have  the  arma- 
ture coils  connected  to  them.  The  internal  diameter 
of  the  ring  is  greater  than  that  of  the  shaft,  thus 
providing  for  insulation  and  circulation  of  air.  Two 
pairs  of  brushes  are  preferably  used.  To  adjust 
the  brushes  automatically  they  are  mounted  on  a 
support  capable  of  rotation  on  its  axis,  and  a flexible 
cord  attached  at  one  end  to  the  supjiort  passes 
under  a pulley  running  in  the  forked  end  of  a lever 
forming  the  armature  of  an  electro-magnet  placed 
in  a shunt  circuit.  The  other  end  of  the  cord  is 
attached  to  a lever,  the  position  of  which  is  regu- 
lated by  centrifugal  governors.  A spring  tends  to 
move  the  brushes  in  a direction  opposite  to  that  of 
the  revolution  of  the  commutator.  To  dispense 
with  the  centrifugal  regulation,  and  to  impart  an 
amount  of  motion  to  the  Ijrushes  directly  dependent 
on  the  amount  of  current  received  by  the  brushes, 
small  accessory  brushes  are  provided,  which  receive 
their  current  from  the  segments  after  they  have 
passed  out  of  contact  with  the  main  collecting 
brushes.  The  accessory  cun-ent  so  received,  causes 
an  electro-magnet,  placed  in  a shunt  circuit,  to 
throw  in  or  out  of  action  any  suitable  motor  device 
attached  to  the  collecting  brushes,  for  their  adjust- 
ment. 'Wlien  this  aiTangement  is  applied  to  a com- 
mutator of  the  “ Pacinotti  ” form,  it  is  preferred 
to  polarise  the  armature,  so  that  reversal  of  the 
current  will  repel  the  ai'inature  and  so  break  the 
motor  circuit.  The  polarised  armature  is  also  used 
with  generators,  having  the  coils  of  their  armatures 
connected  as  a closed  circuit. 

Arc  Lamp. — The  intervals  of  passage  of  the 
main  current  through  a motor  controlling  the  feed 
is  regulated  by  a contact  lever  operated  by  an  elec- 
tro-magnet placed  in  a shunt  circuit.  The  lower 
carbon  is  fixed,  and  the  tipper  carbon  rod  is  held 
laterally  between  two  grooved  rollers,  one  of  which 
is  adjustaV/le  towards  the  rod.  The  spindle  of  the 
second  roller  has  upon  it  a toothed  wheel  gear- 
ing with  a pinion  on  the  shaft  of  a “ small  electro- 
motor of  any  suitable  construction,”  “ adapted  to 
move  in  both  directions  in  a magnetic  field.”  Tlie 
armature  of  an  electro-magnet,  placed  in  a shunt 
circuit,  moves  a lever  provided  with  a contact  piece 
which  makes  or  breaks  the  motor  circuit.  To  pre- 
vent too  great  a separation  of  the  carbons  a small 
platform  surrounding  the  tipper  rod  is  provided 
with  a catch,  and  permits  of  a limited  downward 
motion  of  the  rod  only.  In  a modification  the  fol- 
lowing arrangement  is  substituted  for  the  motor. 
An  electro-magnet,  placed  in  the  main  circuit, 
attracts  an  armature  attached  to  tlic  end  of  a cord 
passing  over  a grooved  pulley  placed  on  the  same 
axis  as,  and  substituted  for,  tlic  tootlied  wliccl. 


The  other  end  of  the  cord  is  attached  to  an  adjust- 
able spring.  The  shunt  magnet  diverts  the  main 
current  from  the  controlling  electro-magnets  when 
tlie  arc  becomes  too  long.  The  feed  of  the  upper 
carbon  may  be  insured  by  mounting  one  of  the 
rollers  on  one  arm  of  a pivotted  lever,  the  other 
arm  of  which  forms  an  armature  attracted  by  the 
shunt  magnet  should  the  arc  resistance  become  too 
great.  The  descending  rod  is  preferably  narrowed 
at  its  upper  end,  which  permits  of  its  falling 
through  the  rollers  when  the  carbons  are  consumed, 
“ and  thereby  gives  notice  that  a renewal  of  car- 
bons is  needed.” 

347. — W.  G.  White,  Paris,  and  J.  N.  Sears, 
London.  Kerbways.  4d.  (4  figs.)  January"27. 

Conductors.  — These  are  carried  in  a metal 
trough  forming  the  base  of  the  kerb  and  also  in 
circular  apertures  formed  in  a series  of  metal 
plates  which,  when  placed  together,  form  the  kerb 
itself.  The  top  plate  has  a ribbed  or  corrugated 
surface. 

*350.  — J.  P.  C.  de  Puydt  and  J.  Cougnet, 
Brussels.  Electric  Lamps.  2d.  January  27. 

Arc  Lamp. — “ Whatever  be  the  form  of  appa- 
ratus or  arrangement  used,  the  illuminating  source 
is  an  electric  arc  of  light  produced  in  a vacuum 
or  in  a partial  vacuum  in  which  is  a gas.” 

351.  — J.  Davis,  Birndngham.  (E.  Marx,  F. 
Aldr-m  and  J.  Kai/srr,  AVic  Yorl',  and  A.  G. 
Ti.'<drl,  Won,  New  York,  U.S.A.)  Tele- 
phones, &C.  6d.  (G  figs.)  January  27. 

Induction  Coil. — Two  layers  of  the  primary 
wire  are  first  wound  on  the  core,  the  secondary  and 
primary  wire  are  then  wound  on  together  for  two 
or  more  layers,  and  are  then  covered  with  paper. 
The  operation  is  repeated  until  the  coil  is  com- 
plete. 

455. — T.  H.  Blamires,  Huddersfield.  . Lamps 
for  Electric  Lighting.  Od.  (7  figs.)  Feb- 
ruary 2. 

>Semi-Incandescen(^e  Lamps.  — The  lamp  con- 
sists of  a globe  terminating  at  its  lower  end  in  a 
tube,  and  having  at  its  upper  extremity  an  orifice 
ground  flat.  This  orifice  is  closctl  by  a metallic 
stopper  held  down  by  a capped  washer  and  nut. 
The  upper  carbon  is  fixed  to  the  stopper  and  the 
lower  carbon  is  held  by  a glass  support  resting  on 
a narrowed  portion  of  the  tube.  The  lamp  is 
inverted  and  lilled  with  mercury,  the  end  of  the 
tube  is  then  placed  in  a vessel  containing  mercury 
and  the  lamp  brought  to  a vertical  position.  The 
head  of  mercury  serves  to  maintain  a vacuum 
and  keep  the  lower  carbon  in  contact  uith  the 
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upper  one.  The  eonncctions  arc  made  to  the 
metallic  stopper  and  to  the  lower  vessel  contain- 
ing the  mercury.  A small  reservoir  of  water  serves 
to  prevent  the  expansion  of  the  globe.  The 
vessel  is  closed  to  prevent  any  variation  of  atmo- 
spheric pressure  altering  the  height  of  the  column 
of  mercury.  The  globe  may  be  fitted  with  a 
soft  metal  pipe  through  which  it  is  filled.  The 
vacuum  is  produced  as  before  and  the  tube  is 
nipped  together  so  as  to  perfectly  close  it.  In  a 
lamp  for  burning  Jablochkoff  candles  the  globe 
has  a ground  neck,  into  which  a hollow  stopper 
having  two  tubes  fits.  The  vacuum  is  produced  as 
before,  a vessel  containing  mercury  being  provided 
for  each  tube.  The  connections  are  made  through 
the  vessels.  Modifications  of  this  lamp  are  de- 
scribed and  illustrated. 

*469. — F.  J.  Brougham,  London.  {C.  Sahatov, 
Parh.)  Globes  or  Lanterns  for  Lamps, 
&c.  2d.  February  2. 

L. \sterns. — Two  hollow  globes  of  suitable  shape 
are  arranged  one  within  the  other,  the  space  be- 
tween them  being  filled  with  water  or  other  liquid, 
such  as  refined  oil  or  glycerine.  In  the  liquid  is  dis- 
solved a silver,  or  other  analogous  salt.  The  solu- 
tion may  be  tinted.  When  applied  to  incandescence 
lights  the  inner  globe  is  exhausted  of  air. 

*478. — T.  Morgan,  London.  (K.  Qhuchoff, 
Moscoiv).  Electro-Magnetic  and  Dynamo- 
Electric  Machines.  4d.  February  ,3. 

M. \gxeto-Electeic  Gexer.4lT0R. — This  consists 
of  a flat  ring  of  iron  wire,  covered  with  a copper 
wire,  wound  in  a spiral  coil.  The  ring  is  main- 
tained in  a fixed  position,  and  an  axis  placed 
within  it  carries  one  or  more  permanent  horseshoe 
magnets  arranged  with  their  poles  on  each  side  of 
the  ring,  like  poles  being  on  the  same  side.  In 
another  arrangement  the  steel  magnets  have  their 
poles  of  like  denomination  placed  on  opposite  sides 
of  the  ring.  The  magnets  may  have  segment- 
shaped pole-pieces.  The  iron  ring  may  have  teeth 
formed  on  each  of  its  sides,  the  intervals  be- 
tween the  teeth  being  filled  with  coils  of  insulated 
wire.  Permanent  or  electro-magnets  may  be 
placed  on  each  side  of  the  ring,  as  previously 
described.  In  a modification  an  iron  plate  has 
an  insulated  iron  wire  coiled  in  a spiral  in  the 
form  of  a ring  of  the  same  dimensions  as  the  iron 
ring,  and  in  such  a manner  that  the  direction  of 
the  current  is  always  perpendicular  to  the  wire 
and  to  the  direction  of  the  iron  ring  which  is  in 
motion.  Concentric  grooves  are  formed  in  the 
plate,  and  these  are  filled  with  a continuous  spiral 
coil  of  insulated  wire.  Two  of  these  electro- 
magnets are  employed  with  their  coils  turned 
towards  the  ring  which  revolves  between  them. 


Electro-Magnetic  Motor. — I>y  passingacurrent 
through  the  coils  on  the  ring  either  of  the  above 
generators  will  become  a motor.  The  commutators 
consist  of  contiguous  metal  discs  placed  in  com- 
munication with  the  inducing  and  induced  circuits 
in  the  case  of  dynamo-electric  generators  or  motors, 
and  with  the  induced  circuits  in  the  case  of  mag- 
neto-electric generators  or  motors. 

Galvanometers. — Either  of  the  before  described 
arrangements  may  be  employed  to  denote  the  in- 
tensity or  quantity  of  the  current,  which  may  be 
expressed  in  measures  of  weight  corresjionding  to 
the  work  performed. 

553. — G.  W.  Wigner,  London.  Regulators  or 
Lamps  for  the  Electric  Light.  8d.  (4  figs.) 
February  9. 

Arc  Lamp. — The  regulator  is  actuated  by  the 
pressure  of  an  intermittent  supply  of  water  from 


a higher  external  source,  acting  on  a piston  or 
bellows,  and  admitted  through  a valve  controlled 
by  an  electro-magnet,  or  solenoid,  placed  in  the 
main  circuit.  The  lower  carbon-holder  is  fixed  to 
the  core  of  the  solenoid,  which  is  carried  on  a 
hollow  piston  working  in  a cylinder.  The  water  is 
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conducted  Ly  a flexible  tube  into  the  piston  at  full 
pressure,  and  by  means  of  a diaphragm  raises  a 
conical  valve  communicating  with  the  lower  part 
of  the  cylinder.  When  the  normal  current  is 
flowing  the  solenoid  closes  the  valve  against  the 
pressure  of  the  water,  and  the  motion  of  the 
piston  ceases  until  the  current  begins  to  fail, 
when  the  vah  e is  again  opened  and  the  piston 
rises.  The  motion  of  the  upper  electrode  is 
regulated  by  a cord  attaclied  to  the  piston.  The 
drawing  represents  a lamp,  having  vertical  carbons. 
The  same  airangement  is  applicable  to  lamps 
with  horizontal  or  oblique  carbons.  A is  the 
base-plate,  B columns  which  support  the  plate  C, 
carrying  gripping  wheels  for  upper  electrode.  The 
columns  are  insulated  at  B’,  B,  B’ ; D is  a metal 
cylinder  with  openings  L'  M*  through  bottom, 
E hollow  piston,  in  which  is  a flexilde  diaphragm 
E2,  E’  rod  carrying  valve  E^,  F electro-magnet, 
F*  trunk  round  magnet,  G iron  core  loaded  by 
collar  and  weights  G',  H holder  into  which  the 
lower  electrode  J is  fitted,  and  wliicli  passes 
through  guide  K,  L tap  for  water  supply  com- 
municating with  pipe  L'  leading  to  the  cylinder  D 
and  connected  with  the  pipe  E’,  tap  communi- 
cating by  tube  with  interior  of  cylinder,  N 
cord,  O gripping  wheels,  P cord  passing  in  the 
reverse  direction  to  cord  N carried  over  guiding 
jnilley  and  attached  to  weight  P.,,  R cover  to 
gripping  wlieels,  S screw  connected  electrically 
with  the  carbon  C.j,  T screw  insulated  from  the 
base  of  the  lamp  connected  to  the  coil  of  tlie 
magnet  F. 

578. — T.  A.  Edison,  New  Jersey,  U.S.A. 

Electric  Light.  8d.  (13  figs.)  February  10. 

Incandescence  Lamp. — The  conductors  to  which 
the  filament  is  attached,  are  passed  through  the 
closed  head  of  a tube,  which  is  fitted  into  a neck 
formed  as  a prolongation  of  the  lamp  bulb.  Tlie 
part  of  the  head  where  the  platinum  wires  pass 
through  may  be  of  white  enamelled  glass.  The 
filament  is  secured  to  the  upper  ends  of  the  plati- 
num wire  by  clamps,  and  the  tube  is  passed  into 
the  neck  of  the  lamp  and  fused  therein.  The  lamp 
is  exhausted  through  a small  tube  which  is  after- 
wards broken  off.  The  supporting  clamps  and  all 
the  metallic  parts  within  the  vacuum  are  of 
aluminium  or  platinum,  which  is  previously  pre- 
pared and  treated  by  heat  in  a vacuum.  The  in- 
ventor has  “discovered  that  if  the  resistance  of 
the  light-giving  body  be  increased,  its  radiating 
surface  remaining  the  same,  the  .same  amount  of 
light  will  be  produced,  but  the  conductors  may  be 
diminished  in  size  proportionally  to  the  increase  of 
resistance,”  less  current  being  required.  To  in- 
crease the  lamp  resistance,  the  filament  is  made 


longer  and  doubled  upon  itself,  or  several  filaments 
may  be  connected  together  in  series.  The  filaments 
are  preferably  made  of  a single  fibre  of  bleached 
Manilla  hemp ; the  ends  are  enlarged  by  wrapping 
them  with  tissue  paper  previous  to  carbonising 
the  fibre.  The  lamp  socket  as  shown  in  Fig.  2, 
consists  of  a cylinder  <j  of  insulating  material,  pro- 
vided on  opposite  sides  with  the  metallic  contact 
pieces  13,  14.  The  clamps  h},  /d  connect  the  fila- 
ment a to  the  conductors  1,  2,  which  lead  to  the 


contact  pieces  13,  14.  The  socket  r of  suitable  in- 
sulating material,  receives  the  neck  of  the  lamp  c, 
and  lias  a screw-threaded  .aperture  in  its  base,  which 
permits  of  its  being  fastened  to  a bracket.  On  tlie 
interior  of  the  socket  are  the  plates  v,  r,  insulated 
from  each  other  ; a metallic  nut  n is  let  into  the 
exterior,  and  the  metallic  screw  ?/  passes  through 
it.  A conductor  5 leads  to  the  plate  a,  and  a con- 
ductor (1  to  the  nut  Contact  is  made  by  turning 
the  screw  y inwards. 

583. — C.  H.  Siemens,  Berlin.  (A’.  IF.  Siemeun, 
Berlin.)  Electric  Railways,  &c.  6d.  (8  figs.) 
February  10. 

Dvnamo-Ei.ectkic  Motoks. — Tlie  currents  gene- 
rated by  stationary  dy.anamo  - electric  generators 
arc  conveyed  along  conductors,  which  may  consist 
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partly  or  wholly  of  the  rails,  to  suitable  motors. 
The  continuous  electrical  connection  is  maintained 
wholly  by  the  wheels,  or  partly  by  the  wheels,  and 
partly  by  rollers,  springs,  or  brushes. 

602. — T.  A.  Edison,  New  .Jersey,  U.S.A.  Utili- 
zation of  Electricity  for  Light,  Heat,  and 
Power.  8d.  (4  figs.)  February  11. 

Elec'tkio  Liciit. — Each  district  has  a central 
station  provided  with  a prime  motor,  suitable 
generators,  and  means  for  determining  the  amount 
of  current  generated  and  supplied.  The  magnets 
of  the  generators  supplying  the  current  to  the 
working  circuit  are  separately  excited  by  other 
generators  having  their  field-magnet  coils  coupled 
in  series,  and  excited  either  by  a galvanic  battery 
or  by  their  own  current;  while  the  generating  coils 
of  the  supply  generators  are  coupled  in  multiple 
arc  to  the  main  conductors.  All  the  translating 
devices  are  arranged  on  the  multiple  arc  system, 
each  device  being  in  its  own  divided  circuit.  To 
indicate  a variation  of  resistance  in  the  outside 
circuit,  galvanometers  are  placed  across  the  main 
conductors  at  the  central  station,  and  these  are 
frerpiently  tested  by  standard  cells  ; test  lights  are 
also  placed  in  the  central  station.  To  maintain  a 
constant  electromotive  force  the  battery  ^feeding 
the  field  magnets  of  the  e.xciting  generator  is  ar- 
ranged in  connection  with  a series  of  resistances, 
so  that  the  energy  of  the  battery  current  may  be 
varied,  causing  in  turn  a variation  in  current  of 
the  supply  generators.  It  is  preferred  to  use  con- 
ductors placed  in  insulated  pipes,  made  water- 
tight and  carried  underground,  provision  being 
made  for  house  connections.  A pair  of  conductors 
are  preferably  laid  along  each  side  of  the  street. 
Each  house  is  provided  with  a suitable  meter  to 
measure  the  amount  of  current  passed.  Where 
motors  are  used,  each  is  fitted  with  a governor, 
which  breaks  the  circuit  on  an  excess  of  speed. 

*624.  — G.  F.  James,  Salford.  Manufacture 
of  Engine  Packing,  Insulated  Telegraph 
Wires,  &c.  2d.  February  12. 

Conductors. — The  funnel  of  the  braiding  ma- 
chine has  an  outer  casing,  through  which  steam 
passes  to  keep  the  contents  of  the  funnel  in  a 
heated  state.  A series  of  stirrers  mounted  on  a 
toothed  wheel  serve  to  agitate  the  contents  of  the 
funnel.  The  finished  cable  is  wound  on  to  a reel 
or  cylinder. 

*630.  — Hon.  R.  T.  D.  Brougham,  London. 
Lighting  by  Electricity.  2d.  February  13. 

Carbons. — do  reduce  the  rate  of  consumption 
of  the  carbons,  they  are  combined  with  a liquid 
carbonaceous  substance  either  before  or  during  use 
in  the  lamp. 


636.  — A.  M.  Clark,  London.  (C.  L.  Pilleiix, 
Parin.)  Producing  the  Electric  Light.  Gd. 
(Gfigs.)  February  13. 

Arc  Lamp. — This  invention  consists  in  inter- 
posing between  two  metallic  conductors  the  ex- 
tremity or  extremities  of  one  or  more  carbons 
which  descend  or  are  fed  up  as  they  are  consumed. 
A lamp  is  described,  consisting  of  two  iron  tubes, 
set  at  an  angle  and  fitted  with  springs,  which  feed 
the  carbons  upwards.  The  conductors  form  helices 
round  these  tubes,  and  are  wound  in  reverse  direc- 
tions to  each  other',  thus  causing  the  carbons  to 
repel  one  another  immediately  the  current  passes. 
The  conductors  terminate  in  claw- shaped  ends, 
which  touch  the  cone  formed  by  the  combustion  of 
the  carbon,  and  act  as  stops. 

695. — W.  R.  Lake,  London.  {C.  E.  Chiniiock, 
BrooMyn,  and  J.  de  Hart  Harrison,  Keivark, 
U.S.A.)  Telegraph  Lines.  6d.  (7  figs.) 

February  17. 

CoNDUCTOR.s. — The  object  is  to  prevent  currents 
on  one  line  wire  being  conveyed  to  another,  and  to 
carry  off  all  external  currents  caused  by  escape  or 
induction.  Around  each  line  wire  is  wound  an  in- 
sulating covering.  The  external  electric  conductor 
made  of  lead, 'tin,  or  other  foil  is  wound  over  the- 
covering  as  shown,  and  is  connected  with  a wire, 
and  tlie  outside  currents  are  thence  conveyed  to 
the  ground. 

699. — W.  R.  Lake,  London.  (C.  E.  CPiinnock, 
Hew  York,  and  J.  de  Hart  Harrison,  Newark, 
New  Jersey,  U.S.A.)  Apparatus  for  Prevent- 
ing the  Injurious  Effect  of  Induced  or 
EscapingElectrical  Currents  inTelephonic 
or  Telegraphic  Lines.  6d.  (1  fig.)  Feb- 

ruary 17. 

Conductors. — To  prevent  induced  or  escaping 
currents  from  reaching  line  wires  or  condirctors,  a 
wire  extends  along  the  tops  of  the  posts,  supported 
by  insulators,  and  connected  with  the  ground  at 
suitable  distances  by  a ground  wire.  The  line 
wires  are  carried  by  insulators,  around  the  shanks 
of  which  metal  foil  is  placed  forming  an  electric 
conductor.  Other  wires  connect  the  conductors 
with  the  top  wire,  and  the  escaping  currents  are 
conducted  to  the  ground. 

725. — J.  Imray,  London.  {La  Societe  Generate 
d'Electricite  — ProcOUs  Jeddochkoff — Paris.) 
Distributing  Currents  for  Electric  Lamps 
or  Candles.  6d.  (11  figs.)  February  18. 

CoMMUT.\TOR. — As  will  be  seen  from  the  illus- 
tration, the  object  is  to  cut  one  of  a group  of 
Jablochkoff  candles  out  of  the  circuit  when  its 
carbons  are  nearly  consumed  ; and  to  accomplish 
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tills,  a strip  D,  consisting  of  two  metals  having 
different  degrees  of  expansion  when  heated,  is  bent 
to  an  inverted  |J  form,  and  secured  by  one  of  its 
limbs  to  one  of  the  clamps  which  hold  the  candle. 
While  the  strip  remains  cold  the  current  passes 
through  the  caudle  and  the  connections  M,  N ; but 
when  the  arc  approaches  the  bottom,  its  heat 
causes  the  strip  to  partially  unbend  and  release  a 
spring  P,  which  makes  contact  with  the  screw  o, 
establishing  a circuit  of  low  resistance  from  M to 
0,  the  latter  being  common  to  all  the  group.  In 
place  of  the  spring,  the  outer  arm  of  the  strip  may 
be  prolonged  and  come  in  contact  with  a fixed  stop. 
Fig.  2 shows  a commutating  apparatus  for  bringing 
a number  of  lights  successively  into  circuit.  A 


vessel  «,  of  ebonite,  is  divided  into  a number  of 
compartments,  a},  ci?,  &c.,  there  being  two  more 
compartments  than  there  are  lamps,  one  terminal 
of  each  lamp  being  connected  to  one  of  the  com- 
partments. Each  compartment  contains  mercury, 
and  in  the  first  is  partly  immersed  a metal  disc  h, 
fixed  on  the  horizontal  shaft  c,  on  which  ai’e  also 
fixed  metal  pins  d\  <P,  &c.,  one  for  each  light, 
arranged  helically  round  the  shaft,  so  that  as  one 
pin  is  leaving  the  mercury  in  its  compartment,  the 
pin  immediately  following  it,  is  entering  the  mer- 
cury in  its  compartment.  A star  wheel  ?,  fixed  at 
one  end  of  the  shaft,  is  worked  by  an  anchor  h,  h, 
from  the  armature  R of  an  electro-magnet  T. 
A second  electro-magnet,  B,  through  the  coils  of 
which  the  current  normally  passes,  has  on  its 
armature  lever  /,  a fork  /,  the  prongs  of  which 
are  immediately  over  two  cells  e,  c\  containing 
mercury.  When,  by  the  extinction  of  one  of  the 
candles,  the  circuit  is  broken,  the  magnet  B ceases 
to  attract  its  armature,  and  the  fork  f dips  into 
the  mercury  in  c,  e' ; the  current  then  passes  to 
the  magnet  T,  which,  attracting  its  armature. 


moves  the  anchor  h,  and  causes  the  shaft  c to 
partly  rotate  the  pin  next  in  order,  becomes  im- 
mersed in  the  mercury,  and  the  next  candle  is 
brought  into  circuit.  An  index  ^),  fixed  on  the 
shaft,  shows  on  a dial  q which  lamp  is  in  circuit. 

751. — F.  J.  Cheesbrough,  Liverpool.  (A.  K. 
Eaton,  Brooklyn,  Xno  York,  U.S.A.)  Tele- 
graph Wires.  Gd.  (3  figs.)  February  20. 

Conductors. — The  wire  is  covered  with  a fibrous 
or  spongy  material,  and  encased  in  a tube  of  duc- 
tile metal,  either  perforated  or  plain,  such  cover- 
ing being  put  on  in  an  apparatus  provided  with  a 
nipple  and  die  through  which  the  wire  passes,  and 
a cylinder  so  arranged  that  an  annular  space  is 
left,  and  by  the  action  of  a plunger  hot  lead  or 
its  equivalent  is  caused  to  issue  in  form  of  a tube 
through  the  die.  The  pores  and  interstices  of  the 
intervening  covering  are  then  filled  with  a liquid 
insulating  material,  either  with  or  without  the 
aid  of  a pump. 

*756. — A.  W.  L.  Reddie,  London.  (77.  Menier, 
Pai-n.)  Electrical  Conducting  Wires.  2d. 
February  20. 

Conductors. — The  inventor  employs  a metallic 
coating  in  contact  with  the  surfaces  of  insulating 
coverings  of  electric  wires  to  modify  their  electrical 
properties.  The  metal  is  used  in  very  thin  sheets,  or 
is  powdered  and  caused  to  adhere  to  the  di-electric. 

1 814.— J.  H.  Job  nson,  London.  (7^.  A.  Goinr, 

Parif.)  Telephone  Wires.  Cd.  (4  figs.) 
February  24. 

CoNDCCTOR.s. — Wire  is  wound  in  helical  coils 
upon  the  insulating  material  covering  the  conduct- 


ing wire.  In  Figs.  1 and  2,  a is  the  conducting 
wire,  h insulating  material,  c wire  coiled  helically 
round  the  whole  and  communicating  with  the 
earth.  By  this  invention  the  inductive  action 
of  adjacent  wires  is  prevented. 

832. — R.  T.  D.  Brougham.  Electric  Lamp, 
(id.  (.0  figs.)  February  2.5. 

L,\ntkr,n. — Air  is  excluded  from  the  lamp  by 
surrounding  it  wholly  or  partly  by  a licpdd  con- 
tained between  two  vessels  or  envelopes.  'I'lic 
figure  shows  a vertical  section  through  an  Andre 
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incamlcscenco  lamp.  Tlie  globe  h is  ccniented  to  a 


ling  g,  ami  is  siirrouiuled  by  a liquid,  contained  in 
the  saucer  y',  forming  a liquid  joint. 

842. — A.  M.  Clark.  (L.  J.  BoutcUloux  and  ir. 

Laing,  Paris.)  Producing  Electric  Light. 

6d.  (8  figs.)  February  25. 

Arc  Lamp. — The  electric  arc  is  always  main- 
tained of  the  same  length  by  allowing  one  of  the 
carbons  to  be  pressed  by  its  own  weight,  or  by 
special  mechanism,  against  a non-conducting  or  an 
insulated  core  inserted  in  the  centre  of  the  other, 
and  which  is  gradually  dissipated  during  the  con- 


sumption of  the  carbons.  The  electrodes  are  held 
in  split  tubes,  screwed  on  the  outside  and  com- 
pressed by  a nut.  Figs.  1 , 2,  and  .3  are  sections  of 
a carbon-holder,  in  which  g is  the  carbon,  h the 
split  tube,  a)ul  I the  nut.  Fig.  4 is  a section  of  the 
carbons,  in  which  e is  a stick  of  carbon  bored  to 
receive  the  non-conducting  core  1,  and  g is  the 
opposite  carbon  resting  on  it.  Fig.  5 is  an  eleva- 
tion of  a lamp  with  horizontal  carbons,  arranged  to 
maintain  the  luminous  focus  in  one  position.  The 
carbons  are  fed  together  by  the  descent  of  the 
weight  w. 

849. — H.  J.  Haddan,  London.  (C.  F.  Brush, 
Cleveland,  Ohio,  U.S.A.)  Dynamo-Electric 
Machines.  Cd.  (8  figs.)  February  2G. 

Dynamo-Electric  Gener.ators.  — This  inven- 
tion lias  for  its  object  the  adaptation  of  dynamo- 
electric  generators  to  variable  external  conditions 
of  resistance,  without  altering  their  speed,  but  by 
varying  the  intensity  of  the  magnetic  field  accord- 
ing to  the  requirements  of  the  working  circuit, 
either  by  shunting  from  one  or  more  of  the  in- 
ducing magnets  a portion  of  the  current,  or  by 
diverting  it  from  a suitable  number  of  their  con- 
volutions. Fig.  1 represents  a portion  of  a dynamo- 
electric  generator,  provided  ivith  a resistance  ad- 
justable by  hand  round  the  field  magnet  circuit ; 
Fig.  2 represents  a modification  of  the  same  ar- 
ranged to  ivork  automatically  ; Figs.  3,  4,  and  5 
show  other  similar  modifications  ; Fig.  G represents 
a field  magnet  coil  adapted  to  have  various  portions 
of  itself  short-circuited  ; Fig.  7 a modification  of 
the  same  ; Fig.  8 a helix  adapted  to  have  various 


portions  of  itself  cut  out  of  circuit.  In  Fig.  1, 
A A are  the  magnets,  B C the  commutator  brushes, 
P N the  generatoi’  terminals  ; a,  h,  c,  d,  e resist- 
ance coils  connected  togetlier  in  series,  and  to  the 
metallic  studs  fd.  Id,  c',  id,  f ’ ; D is  an  arm  elec- 
trically connected  to  the  brush  B,  and  capable  of 
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being  joined  to  any  of  tlie  studs  fd,  c’,  d',  r^, 
whenever  it  is  found  necessary  to  sliunt  a large  or 
small  quantity  of  the  current  from  the  magnets. 
In  Fig.  ‘2  the  shunt  arm  I)  is  operated  automati- 
cally by  the  electro-magnet  E,  excited  by  the 
working  current.  Fig.  3 shows  the  resistance 
coils  replaced  by  carbon  discs,  whose  resistance 
varies  under  the  varying  pressure  of  a magnet 
armature,  and  Figs.  4 and  5 are  modifications 
thereof.  The  field  m.agnets  are  excited  wholly  l)y 
the  main  current,  any  of  the  above  arrangements 
being  used  for  varying  the  magnetising  effect  of 
the  exciting  current  according  to  requirement, 
either  by  shunting  or  diverting  the  current  from  a 
portion  of  the  “ field  of  force  ” coils. 

872. — D.  G.  Fitzgerald,  Loudon.  Magneto- 

Electric  and  Dynamo-Electric  Machines. 

6d.  (10  figs.)  February  28. 

Gener.\tors. — This  invention  relates  chiefly  to 
that  class  of  electric  generators  in  which  there  is  a 
ring  or  armature  of  soft  iron  carrying  coils  of  wire, 
and  aims  at  the  substitution  for  the  large  field  mag- 
nets, at  jsresent  in  use,  of  comparativ’ely  small  electro 
or  permanent  magnets  arranged  in  the  plane  of  the 
I'ing,  and  nearly  surrounding  it  and  its  coils  both 
“ longitudinally  and  transversely.”  Fig.  1 is  a 
sectional  elevation  of  an  electric  generator,  in 
which  A is  the  ring,  carried  by  a disc  on  the  shaft 
F.  The  coils  of  wire  B have  their  extremities 


brought  out  and  connected  to  the  commutator ; 
I,  1',  I-  are  the  “saddle-back”  field  magnets,  and 
their  essential  characteristic  is  that  they  are 
alw'ays  curved  in  the  direction  transverse  to  the 
axis  of  the  magnet,  whilst  they  are  also  sometimes 
curved  in  the  direction  of  this  axis,  and,  in  the 
case  of  electro-magnets,  are  surrounded  by  coils 
of  wire,  every  turn  of  which  is  partly  convex  and 
partly  concave.  The  winding  of  the  wire  is  re- 
versed at  two  points  diameti'ically  opposite  (see 


Fig.  2),  to  produce  opposing  poles  on  each  side  of 
the  machine.  Owing  to  the  form  of  the  ring  A, 
interstices  are  often  left  between  the  different 
coils  at  their  outside  edge,  and  these  are  filled  up 
“with  considerable  advantage”  by  soft  iron  wedges 
or  blocks  V (Fig.  4)  cast  or  slipped  on  to  the  ring. 
The  ends  of  the  wire  of  the  coils  are  attached  to 
plates  M (Fig.  1),  and  the  currents  are  collected  by 
by  springs  o o',  fixed  to  the  bar  F carried  in  the 
terminal.  Q.  Rings  and  magnets  of  various  sections, 
besides  those  illustrated  herewith,  are  illustrated. 

*885.  — J.  Graddon,  London.  Producing 
Motive  Power  and  Light  by  Electricity. 
2d.  February  28. 

Motors.  — The  object  of  this  invention  is  to 
produce  motive  power  from  wheels  W’ound  with 
conductors,  and  surrounded  with  metallic  cases 
having  other  conductors  connected  with  an  electric 
battery.  To  this  arrangement  may  be  added 
pumps  to  compress  fluids  to  “assist  in  creating 
p)ower.  ” 

*886. — C.  W.  Harrison.  Apparatus  for  Ob- 
taining Electricity.  2d.  February  28. 

Gexer.vtor. — A bar,  or  series  of  bars  arranged 
as  an  endless  chain,  has  a continuous  motion 
within  a series  of  helices  of  conducting  material, 
thereby  generating  electric  currents  in  them,  which 
are  collected  in  the  usual  manner.  The  motion 
of  the  bars  may  1)0  vibratory  or  they  may  be 
stationary,  and  motion  may  be  imparted  to  the 
helices. 

*905. — J.  C.  L.  Loeffler,  London.  Covering 
Wire  with  Insulating  Material,  &c.  2d. 

March  1. 

Conductors. — The  object  of  the  invention  is  to 
apply  several  layers  of  insulating  plastic  material 
to  electric  conductors  at  one  operation.  The  wire 
is  drawn  through  a succession  of  dies  of  gradually 
increasing  size,  and  receives  a covering  in  each. 
The  dies  may  be  all  in  connexion  wdth  one  forcing 
cylinder,  or  each  may  have  a separate  supply  ; the 
apparatus  may  be  used  to  complete  the  coverings 
at  one  operation,  or  at  several. 

925. — J.  H.  Guest,  Brooklyn,  New  York,  U.S.A. 
Electric  Lamps,  (id.  (3  figs.)  March  2. 

Incandescence  Lamr. — To  maintain  an  air-tight 
joint  arounil  the  conducting  wires  that  enter  in- 
candescence vacuum  lamp.s,  enlarged  conducting 
wires  ai’c  twisted  into  a strand  so  as  to  render 
them  elastic,  and  scaled  after  the  glass  has  been 
melted  into  their  interstices,  by  mercury  contained 
in  cups.  In  the  illustration,  a is  the  lamp  globe,  h 
the  incandescent  carbon  hung  in  the  loops  f ij  of 
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the  comlucting'  wires,  arouiul  the  upper  part  of 
which  arc  the  cups  h c containing  mercury.  'J'lie 


chamber  i forms  a magazine  for  spare  carbons,  one 
of  which  can  be  shaken  into  the  loops  f ;/  when 
required ; but  such  chamber  may  be  dispensed 
with. 

*1,046. — V.  Poulet  and  Commelin,  Hautmont, 
France.  Compressing  Air  by  Electricity 
for  Obtaining  Motive  Power.  2d.  March  10. 

Transmission  of  Power. — Two  “Grammes”  are 
used,  one  as  a generator,  and  tlie  other  as  a motor, 
to  drive  air-compressing  machinery. 

*1,049. — C.  Groombridge,  London.  Magneto- 
Electric  Brakes,  &c.  March  10. 

Electro-Magnets. — A series  of  electro-magnets 
are  employed  as  brakes  for  railway  trains.  The 
magnets  “bite  the  rails”  when  “electric  contact 
is  established.” 

1,109. — H.  W.  Cook,  Stondon  Massey,  Essex. 
Motive-Power  Engines,  Regulators,  and 
Feed-Water  Heaters.  6d.  (Id  figs.)  March 
15. 

Dynamo-Electric  Generator. — “A  convenient 
form  of  dynamo-electric  machine  ” is  used  in  con- 
nection with  an  electro-magnetic  arrangement  to 
operate  the  throttle  or  expansion  valve  of  the 
engine. 

1,125. — J.  C.  Mewburn,  London.  (T.  A.  Biirtis 
J^uliiam,  AT«J  Yo7-1-,  U.S.A.)  Electric  Rail- 
way Signals,  &c.  8d.  (19  figs.)  March  16. 


Conductor. — An  electrical  conductor  is  arranged 
in  a cavity  on  the  road  bed,  preferably  between  the 
rails,  and  adapted  to  be  elevated  or  protruded  by 


motive  axle  acting  througb  levers.  This  conductor, 
when  protruded,  is  swept  by  metallic  brush  con- 
ductors on  the  locomotive,  by  which  means  a circuit 
is  closed.  AVires  lead  from  the  protruding  con- 
ductor to  any  point  on  the  line,  and  are  caused, 
through  suitable  mechanism,  to  make  and  break  a 
circuit  when  required. 

*1,136. — J.  H.  Johnson,  London.  (A.  (leJIdrih’iia, 
Paris.)  Magneto-Electric  and  Dynamo- 
Electric  Machines.  4d.  March  16. 

Dynamo-Electric  Generator. — The  object  is 
to  excite  the  field  magnets  of  an  alternate  current 
machine  without  the  aid  of  special  auxiliary  coils. 
Two  additional  commutators  are  employed,  each 
of  which  has  every  alternate  plate  replaced  by  a 
non-conductor.  The  coil  on  each  leg  of  a field 
magnet  is  connected  to  the  brush  of  one  commu- 
tator, and  the  coil  on  the  other  to  the  brush  of 
the  second  commutator.  In  operation  one  coil  only 
is  excited  at  a time,  the  other  one  having  its  cur- 
rent cut  off  by  the  commutator  brush  resting  upon 
an  insulated  plate,  from  which  it  follows  that  all 
the  positive  impulses  traverse  one  coil,  and  all  the 
negative  impulses  the  other,  and  thus  maintain 
the  magnet  in  a uniform  polar  condition. 

1,178. — J.  Perry,  London.  Dynamo  or  Magneto- 
Electric  Machine,  fid.  (5  figs.)  March  IS. 

Dynamo-Electric  Generator. — This  invention 
relates  (1)  to  the  use  of  coils  on  a movable  arma- 
ture or  ring,  the  plane  of  each  winding  making 
an  angle  between  90  deg.  and  zero  uith  the 
direction  of  motion  ; (2)  to  placing  magnetic  poles 
of  opposite  polarity  so  as  to  break  joint  on  the 
opposite  sides  of  a coiled  armature  or  ring,  whereby 


Fig.  1.  Fig.  2. 


nearly  all  the  lines  of  force  make  an  angle  of  from 
20  deg.  to  70  deg.  with  the  direction  of  motion  ; 
(.3)  to  the  use  of  an  annular  armature  of  coils 
wound  at  any  angle  to  the  direction  of  motion 
when  soft  iron  is  not  used  as  a core  ; (4)  to  a par- 
ticular form  of  armature,  and  to  a new  commutator ; 
and  (5)  to  the  use  of  dynamo-electric  generators 


Ahstracts  of  Patents. — 1880. 


cviii 

with  a greater  internal  resistance  than  20  ohms,  for 
telegraph  work.  The  illustration  shows  one  of  the 
many  forms  that  generators  constructed  in  accord- 
ance with  this  invention  may  assume.  The  ring  is 
placed  close  to  tlie  field  magnets,  and  does  not 
require  the  aid  of  a soft  iron  core,  as  used  in  the 
Siemens  and  Gramme  machines,  and  which  at  high 
speeds  can  no  longer  help  in  intensifying  the  mag- 
netic field.  The  core  is  made  of  steel  or  phosphor- 
hronze,  and  in  some  cases  is  dispensed  with  entirely. 
The  rings  are  first  wound  on  a peculiarly  shapied 
bobhin,  then  soaked  with  a stiffening  insulating 
material,  and  when  dry  are  taken  from  the  bobbin 
and  slipped  on  the  core  “ at  a decided  angle”  to  it. 
Referring  to  the  illustration,  the  bobinns  and  core 
are  carried  on  a wood  centre  fixed  on  the  shaft  n,  and 
ai-e  further  held  by  two  wood  clip  rings  screwed 
together  on  the  outside.  The  field  magnets  bV,c  c’ 
are  carried  at  their  outer  ends  in  cast-iron  frames, 
and  at  their  inner  ends  in  wooden  rings,  shown  in 
section.  The  opposite  magnets  are  not  upon  the 
same  centre  line,  one  system  being  turned  about  ten 
degrees  in  advance  of  the  other,  so  that  a line  joining 
the  centres  of  their  poles  makes  an  angle  of  from 
20  deg.  to  70  deg.  with  the  direction  of  motion 
of  the  armature.  The  commutator  is  formed  of 
cranked  or  curved  rods  d attached  to  an  insulating 
ring  c,  and  separated  l)y  air  spaces.  “ The  brushes 
may  be  few  or  many,  depending  on  the  M’ay  in 
which  the  coils  of  the  armature  are  connected  with 
one  another.”  A tubular  form  of  electro-magnet 
is  described,  consisting  of  a hollow  core,  on  ^^•hich 
a sufficient  quantity  of  insulated  wire  is  wound, 
the  whole  being  surrounded  l)y  an  outer  metallic 
tube.  An  armature  revolves  in  the  annular  space 
between  the  ends  of  the  tubes. 

1,184. — J.  T.  King,  Liverpool.  (C.  LvifoJd,  Pitts- 
U.S.A.)  Apparatus  for  Insulating, 
Containing,  and  Protecting  Surface  and 
Underground  Telegraph  Wires.  Cd.  (Sfigs.) 
March  19. 

CoNDUCTOR.s. — The  object  is  to  protect  surface 
and  underground  conductors  from  growths  of  fungus, 
admission  of  moisture,  and  to  render  them  acces- 
sible for  repairs.  Fig.  1 is  a perspective  view  of  a 
telegraph  cable  and  container.  The  cable  a con- 
sists of  cotton-covered  wires  held  together  by  a 
strip  of  cotton  wrapped  spirally  round  them  ; the 
interstices  are  filled  with  melted  paraffine  or  tar. 
The  cloth  wrapper  is  coated  with  an  elastic  im- 
pervious material,  and,  if  desired,  another  strip  of 
cloth  is  wound  round  in  an  opposite  direction,  and 
also  coated  with  material.  Fig.  2 shows  a section 
of  the  cable.  Fig.  .S  shows  a container  with  an 
iron  box  or  bed,  protected  from  rust  by  tinning 
or  otlier  treatment.  The  interior  is  lluted  at  h to 


form  receptacles  for  the  wires,  and  the  whole  in- 
terior surfaces  of  them  are  coated  with  porcelain 
enamel,  as  at  c,  to  prevent  the  passage  of  moisture 
to  the  interior.  A cover  d fits  within  the  flanges  e, 
and  rests  upon  the  shoulders  /.  The  sections  of 
the  container  are  united  by  a coupling  box  y,  which 


has  a transverse  groove  Ji  and  longitudinal  grooves  f. 
The  form  of  the  coupling  box  is  adapted  to  the 
shape  of  the  bed,  and  is  attached  by  screws.  "When 
the  w'ires  are  placed  in  the  grooves,  the  cover  d is 
cemented  down,  the  cement  being  fitted  into  the 
groove  k and  between  flanges  e.  Cement  is  also 
poured  into  the  coupling  box,  and  fills  up  the 
grooves  and  recesses. 

1,217. — W.  H.  Lake,  London.  (E.  J.  Molera  and 
J.  C.  Cehrian,  San  Francisco,  U.S.A.)  Ap- 
paratus for  Examining  Microscopic  Pho- 
tographs. 6d.  (Sfigs.)  March  20. 

Elkctric  Light.— a small  generator,  driven  by 
a treadle,  is  used  in  conjunction  with  “an  electric 
light”  to  illuminate  the  object  under  examination. 

■*1,239. — E.  Quin,  Leyland,  Lane.  Composi- 
tion as  Substitute  for  India-Rubber.  2d. 
March  2,1. 

Conductors. — These  may  be  coated  with  a com- 
pound consisting  of  chloride  of  sulphur  mixed  with 
bisulphide  of  carbon  and  naphtha,  or  other  volatile 
neutral  solvent.  To  these  is  added  rape  or  other 
good  bodied  oil,  and  the  whole  allowed  to  stand 
until  the  volatile  part  is  nearly  evaporated.  The 
result  is  a light-coloured  substance  suitable  to  take 
the  place  of  india-i  ubbcr. 

1,244. — J.  H.  Johnson,  London.  (IF.  II'. 
Orisconi,  Pliiladcljdiia,  U.S.A.)  Regulating 
Electro-Magnetic  Motors,  &c.  (Id.  (2  figs.) 
March  2:5. 
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!Maoneto-Klk('Tkic  Motor. — A motor  is  driven 
hy  a battery  whose  plates  are  so  arranged  tliat,  to 
regulate  the  power  of  the  motor,  they  can  he  lifted 
to  a greater  or  smaller  extent  out  of  the  exciting 
liquid  hy  mechanism  attached  to  a treadle  or  le^■cr.  | 

1,259. — J.  H.  Johnson,  London.  ( IT.  IT.  (7r/.veo)H,  | 

ridladel phia,  U.S.A.)  Electro  - Magnetic 
Motors  and  Dynamo -Electric  Machines. 

6d.  (11  figs.)  March ‘24.  . 

Magneto-Electric  Motor  and  Dynamo-Elec-  | 
TRIO  Oenerator. — This  relates  to  constructing  [ 
electro-magnetic  motors  or  dynamo-electric  gene-  j 
rators  with  the  entire  body  of  the  field  magnets 
enveloping  a portion  of  the  armature  in  the  direc- 
tion of  its  rotation  so  as  to  utilise  the  free  magnetism 
distributed  over  the  magnet  as  well  as  that  con- 
centrated at  the  poles.  The  figure  illustrates  the  j 
invention  ; « is  a rotating  armature  of  any  con-  j 

venient  construction,  J>  is  a bar  of  soft  iron  of  rect-  I 

angular  or  other  section,  bent  into  the  form  shown,  j 


and  wound  M'ith  insulated  wire  to  form  an  electro- 
magnet whose  poles  are  at  the  opposite  sides  of  the 
annature,  and  whose  length  surrounds  it  as  far  as 
possible.  Two  such  magnets  may  be  combined 
pole  to  pole  in  a manner  similar  to  that  adopted 
in  the  Siemens  generator,  or  they  may  be  provided 
with  heavy  polar  faces,  or  may  be  replaced  by 
permanent  steel  magnets  of  similar  form.  The  core 
of  the  armatures  may  be  of  the  ordinary  Siemens 
double  T section,  or  of  a Z section,  to  provide  a 
gradually  increasing  attraction  on  the  part  of  the 
armature  for  the  magnet.  If,  when  used  as  a motor, 
the  ends  of  the  wires  surrounding  the  field  magnets 
are  joined,  powerful  induced  currents  will  pass 
through  the  coils  as  the  armature  revolves,  and 
will  “thereby  increase  the  power  of  the  motor.” 
An  ordinary  two-part  commutator  is  used,  and 
in  either  case  the  armature  or  the  field  magnets 
may  revolve. 

1,295. — E.  M.  Allen,  London.  (A.  Kmul^on  and 
F.  L.  Kune,  Brooklyn,  New  York,  U.S.A.) 
Improvements  in  Insulating  Electrical  Con- 
ductors. Cd.  (2  figs.)  March  30. 

Conductors. — Conductors,  more  especially  such 
as  are  designed  for  telegraphic  purposes,  are  coated 
with  an  insulating  fibrous  material  covered  or  satu- 
rated, or  both,  with  a waterproof  flexible  adhesive 
compound  composed  of  Trinidad  or  other  natural 
asphaltum,  mixed  u ith  non-drying  and  softening  ma- 
terial, such  as  parafline  oil,  petroleum  residuum,  &c. 


The  proportion  of  native  bitumen  and  non-drying 
material  depends  upon  the  nature  and  character  of 
the  bitumen  and  the  place  in  which  the  conductor 
is  to  be  used,  but  a suitable  compound  for  ordinary 
purposes  may  be  made  of  6.5  parts  of  Trinidad 
mixed  witli  14  parts  of  petroleum  residuum.  Fig.  1 
represents  a conductor  coated  with  a continuous 


covering  of  fibrous  material  applied  in  any  con- 
venient manner.  The  wire  is  then  saturated  or 
coated  with  the  compound  by  passing  it  through  a 
quantity  of  the  material  kept  by  heat  in  a li(piid 
condition.  In  covering  a joint  between  two  con- 
ductors, the  ends  are  stripped  and  the  joint  is  then 
wrapped  with  narrow  strips  of  loosely  woven  cloth, 
or  tape,  previously  saturated  with  the  compound, 
as  sliown  in  Fig.  2. 

1,333. — G.  F.  James,  Salford.  Machinery  for 
the  Manufacture  of  Engine  Packing,  In- 
sulating Telegraph  Wires,  &c.  6d.  (2figs.) 
March  31. 

Conductors. — The  invention  has  for  its  object 
to  combine  the  processes  of  lapping  and  braiding 
or  plaiting  any  desired  number  of  threads,  strands, 
&c. , round  a central  core  in  one  machine ; the  core, 
after  it  is  lapped,  being  taken  through  one  or  more 
series  of  braiding  spindles.  The  figure  shows  a 
front  view  of  a portion  of  a combined  lapping  and 
braiding  machine  : a is  the  lapping  spindle  with 
bobbin  b and  flyer  c,  both  revolving  round  a central 


hollow  spindle  d.  Through  this  hollow  spindle 
passes  the  core  e surrounded  by  a series  of  yarns  f, 
which  are  lapped  together  by  the  material  carried 
upon  the  bobbin,  and  drawn  off  by  the  flyer  in  the 
usual  manner.  The  lapped  material  then  passes 
through  the  hollow  spindle  (/,  and  is  braided  with 
yarn,  &c.,  from  the  braiding  spindles  Ji.  The 
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specification  relates  (2)  to  an  improved  hopper  i 
provided  with  an  outer  casing,  through  which 
steam,  or  other  heating  medium,  maj’  be  circulated 
to  keep  its  contents  in  a heated,  and,  if  required, 
in  a li(piid  state  ; j j are  knives  or  stirrers  mounted 
upon  a wormwheel  /.-,  to  which  motion  is  given  by 
suitable  apparatus  ; (3)  to  an  improved  drawing-off 
arrangement  not  shown  in  the  illustration. 

*1,339. — J.C.  Mewburn.  ( IT.  de  Fonvii'llc,  Paris.) 
Rotary  Induction,  or  Electric  Motor.  2d. 
April  1. 

M.uiNETo-ELECTiuc  MoTOR.  — This  consists  in 
employing  the  rotary  action  directly  engendered  by 
the  passage  of  an  interrupted  current  in  the  pre- 
sence of  a piece  of  magnetic  metal  capable  of 
moving  round  an  axis.  This  principle  is  applied 
either  in  the  form  of  a motor  or  scientific  in- 
strument. In  the  latter  case  the  motive  part 
may  be  enclosed  in  a glass  or  other  vessel  full  of 
air  or  liquid,  or  exhausted  of  air.  The  motor  is 
composed  (l)of  a galvanometric  frame  on  which 
are  wound  a number  of  turns  of  insulated  electric 
wire,  (2)  of  the  motor  proper  “formed  of  a piece 
of  magnetizable  material,  either  solid  or  hollow,” 
and  mounted  on  a pivot  in  proximity  to  the  said 
frame,  (.3)  of  magnets  grouped  in  suitable  position 
ax'ound  the  motor. 

1,385. — T.  A.  Edison,  Menlo  Park,  Xew  Jersey, 
U.S.A.  Electric  Machines  and  Motors. 

6d.  (ofigs.)  Aprils. 

Generators  and  Motors. — To  obviate  the  in- 
duced current  which  circulates  in  the  body  of 
rotating  armatures  made  of  a solid  mass  of  metal, 
or  of  large  rings  of  metal,  the  armature  is  made  of 
discs  or  rings  ^Vin.  to  Tjjin.  thick,  seciu’ed  together,  ' 
and  insulated  from  each  other  by  sheets  of  tissue 
paper  ; and,  to  avoid  sparking  at  the  commutator,  I 
the  brushes  are  arranged  so  that  they  hear  obliquely  ' 
upon  the  face  of  the  commutator,  preferably  at  an 


even  wear  over  the  commutator,  a disc  forming 
the  armature  of  an  electro-magnet  attached  to  the 
frame  of  the  machine  is  fixed  to  the  end  of  the 
shaft.  ^Vhen  the  magnet  is  charged,  its  armature 
together  with  the  shaft  is  attracted,  a spring  forcing 
them  back  when  the  magnet  is  inactive,  or  an  iron 
pulley  fixed  to  the  shaft  in  the  vicinity  of  the  field 
magnets  may  take  the  place  of  the  spring,  the 
attraction  between  it  and  the  magnets  serving  for 
the  recoil  of  the  shaft.  The  magnet  is  alternately 
charged  and  discharged  by  means  of  a contact- 
breaker  consisting  of  a spring  bearing  upon  the 
periphery  of  a rotating  disc,  one  part  of  the  peri- 
phery being  of  insulating  and  the  other  part  of 
conducting  material.  Fluctuations  in  speed  conse- 
quent upon  variations  of  load  or  work  are  corrected 
by  a centrifugal  governor  driven  by  the  machine 
shaft,  the  governor  acting  upon  an  adjustable  cir- 
cuit lever  which  acts  by  either  making  or  breaking 
the  circuit  to  the  motor.  To  prevent  too  sudden 
fluctuation,  the  main  shaft  is  provided  with  a heavy 
flywheel,  and  in  order  to  get  rid  of  the  large  spark 
occurring  when  the  main  circuit  is  broken  in  one 
place  only,  the  circuit  is  broken  at  several  places 
simultaneously  by  an  arrangement  of  contact- 
Ijreaking  levers,  operated  by  the  governor  either 
directly  or  by  means  of  an  auxiliary  electro-magnet 
and  armature  which  the  governor  connects  with  a 
local  battery.  The  disposition  of  the  various  parts 
is  clearly  shown  in  the  accompanying  illustrations. 
In  using  electro-motors  the  speed  of  the  actuated 
machine  is  controlled  by  the  application  of  a brake 
to  the  main  driven  w heel,  the  brake  being  pivotted 
in  such  a manner  as  to  be  capable  of  bearing,  by 
pressure  from  a treadle  or  by  hand,  upon  the  wheel, 
but  is  kept  normally  therefrom  by  a spring.  In 
order  that  the  actuated  machine  may  be  driven  at  a 
less  or  greater  speed  than  the  motor,  as  desired,  a 
ditlerential  motion,  consisting  of  friction  gearing, 
or  other  well-known  arrangement,  is  interposed 
between  the  two,  and  worked  in  combination  with 
the  above  described  brake. 

1,392. — W.  R.  Lake,  London.  (//.  S.  Maxim, 
BroohUjn,  Xcir  York,  U.S.A.)  Dynamo- 
Electric  Machines.  Sd.  (10  figs.)  April  .3. 

Dynamo-Electric  Generator.s. — This  invention 
has  for  its  object  to  provide  a regulator  for  a 
dynamo-electric  generator,  which  shall  automati- 
cally control  the  generation  of  the  current,  so  as  to 
make  it  equal  at  all  times  to  the  amount  reipiired 
for  use  without  appreciable  variation  in  the  electro- 
motive force.  'Phis  is  eflectcd  by  using  an  auxiliary 
generator  to  excite  the  field  magnets  of  the  main 
generator,  and  by  automatically  altering  the  posi- 
tion of  the  brushes  of  the  auxiliary  generator  with 
reference  to  the  neutral  points  of  flic  commutator, 
the  position  being  controlled  by  a sensitive  electro- 
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magnet  in  a shunt  circuit.  The  specification  relates 
also  to  an  improved  armature,  in  which  hoth  the 
iron  core  and  the  coils  are  so  divided  by  air  pas- 
sages, without  breaking  up  the  continuity  of  the 
mass  of  iron  or  wire  at  any  place  in  the  armature, 
that  a rapid  circulation  of  air  is  maintained  through 
the  passages  for  cooling  the  machine  ; and  further 
to  a commutator  arranged  to  prevent  the  sparking 
which  occurs  when  the  plates  are  made  straight, 
and  the  shrinkage  of  the  insulating  material  be- 
tween the  plates  wheir  they  are  made  sjiiral  in  one 
direction.  The  commutator  plates  are  so  made 
that  they  run  parallel  to  the  axis  of  the  generator 
on  the  inside,  and  form  on  the  outside  a double 


spiral.  In  Figs.  1 , 2,  and  3,  aaa  are  the  field 
magnets  of  the  main  generator,  h is  the  armature, 
and  c the  commutator,  d d are  the  field  magnets  of 
the  auxiliary  generator,  e the  armature,/ the  com- 
mutator, f/  g the  brush  holders,  li  h the  brushes,  i i 
are  arms  carrying  the  brush  holders  and  affixed  to  a 
sleeve  surrounding  the  shaft  of  the  generator,  j a 
toothed  sector  affixed  to  the  same  sleeve  and  en- 
gaging the  bevel  pinion  Z’ ; f Z is  a double  disc 
mounted  on  shaft  m,  which  carries  the  wheel  l\ 
The  double  disc  turns  with  the  shaft,  but  is  free 
to  move  vertically  upon  it  for  a short  distance  ; n 
is  a wheel  mounted  on  shaft  q and  revolving  be- 
tween the  edges  of  the  disc  1 1,  so  as  to  engage  with 


either  as  required  ; }•  is  a lever  controlling  the 
vertical  position  of  the  disc  1 1 ; t is  a strong 
electro-magnet  in  the  circuit  of  the  auxiliary  gene- 
rator, and  s is  its  armature  ; u is  an  electro-magnet 
of  high  I’esistance  placed  in  a shunt  of  the  main 
circuit,  and  v is  its  armature  connected  to  the  lever 
?/'.  The  current  from  the  auxiliary  generator  passes 
through  the  main  field  magnets,  through  shunts  17 
and  IS,  or  the  magnet  I,  according  as  the  shunt  is 
open  or  closed.  When  the  shunt  is  open  the  path 
of  the  current  is  from  1 to  IG,  but  when  the  shunt 
is  closed  the  magnet  t is  cut  out,  and  the  current 
follows  17  and  IS  instead  of  5,  C,  and  7.  The 
magnet  u opens  and  closes  the  shunt,  the  position 
of  which  obviously  determines  the  magnetic  condi- 
tion of  t and  consequently  the  position  of  the 
armatui'e  s.  By  means  of  the  lever  r,  one  of  the 
discs  I 1,  according  to  the  position  of  the  arma- 
ture s,  is  brought  into  contact  with  the  revolving 
friction  disc  v,  which  through  the  medium  of  the 
intervening  gear  moves  the  brushes  of  the  auxiliary 
generator  round  their  commutator.  The  two  ex- 
treme positions  of  the  brushes  are  shown  in  Fig.  4. 
Figs,  o,  G,  and  7 show  the  construction  of  the  im- 
proved revolving  armature,  the  body  of  wliich 
consists  of  thin  plates  of  best  annealed  iron  having 
“ lodial”  projections  serving  as  polar  extensions, 
and  with  other  and  longer  projections  for  holding 
the  wire  of  the  coils  in  position.  The  plates  are 
separated  from  one  another  by  w'ashers,  and  are 
fastened  together  by  rods  of  dia-magnetic  material 
passing  through  holes  at  the  circumference.  The 
armature  is  attached  to  the  shaft  by  means  of  a 
hub  with  spokes,  leaving  the  space  between  open 
for  the  ingress  of  air.  Figs.  8 and  9 represent  the 
commutator.  Fig.  9 showdng  a separate  plate,  x 
being  the  commutator  plate,  and  y a projection  for 
connecting  it  to  the  armature  coils. 

1,397. — C.  D.  Abel,  London.  (F.  Krhik  and  L. 

Piette,  hoik  of  Pdnen,  Auntria.)  Electric 

Lamps.  Gd.  (11  figs.)  April  G. 

■ Akc  Lamp.s. — The  essential  feature  of  novelty  in 
this  invention  consists  in  the  use  of  solenoid  cores, 
having  their  metallic  mass  lessened  towards  each 
end  ; and  combining  with  them  two  differential 
solenoid  coils,  with  their  axes  in  prolongation  of 
each  other,  one  being  planed  in  the  main  circuit, 
and  the  other  as  a shunt  across  the  arc  for  the  re- 
gulation of  the  electric  lamp.  Figs.  1,  2,  3,  and  4 
show'  the  principle  on  which  the  invention  is 
founded.  In  a core  of  uniform  section  (Fig.  1) 
placed  within  solenoid  coils  8 S’  of  equal  magnetic 
force,  the  attraction  on  the  core  will  depend  on  its 
position  relatively  to  the  coils,  hence  when  in  the 
position  shown  it  will  be  more  strongly  attracted 
by  S’  than  S.  By  making  the  core  as  shown  in 
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Figs.  2,  .3,  4,  notwithstanding  the  different  positions 
occupied  by  the  core,  it  remains  equally  attracted 
by  the  two  coils  S S’.  Fig.  5 shows  the  core  F 
attached  to  the  socket  of  the  upper  carbon,  the 
whole  being  balanced  by  a weight  attached  to  a 
cord  passing  over  a pulley  R.  When  the  carbons 
are  too  near,  the  attractive  power  of  S being  in- 
creased, and  that  of  S’  diminished,  the  core  F is 
attracted  upwards.  When  the  carbons  are  too  far 
apart,  S loses  force,  and  S’  gains  force,  so  that 


the  core  F is  attracted  downwards,  and  causes  the 
carbons  to  approach.  In  a lamp  to  burn  horizontal 
carbons  the  core  is  carried  on  rollers.  The  core 
may  be  reduced  towards  the  ends  either  by  taper- 
ing it  from  the  middle,  or  by  boring  it  from  each 
end  with  a tapering  pole,  or  by  reducing  it  by 
steps  from  the  centre  towards  the  ends.  In  a focus- 
keeping lamp,  each  of  the  carbon  - holders  has 
attached  to  it  a half-taper  or  step  core,  each  half- 
core being  free  to  move  within  one  of  the  solenoids, 
the  carbon-holders  are  then  connected  together  in 
the  usual  way  by  gearing.  “ It  is  of  advantage  to 
combine  with  the  pump  an  airtomatic  shunt  of  any 
known  construction.” 

1,407. — O.  Heaviside,  London.  Electrical  Con- 
ductors, &c.  (id.  (8  figs.)  April  G. 

Conductors. — To  render  the  circuit  independent 
of  inductive  influences,  two  insulated  conductors 
arc  used  and  placed  one  within  the  other.  The 
main  conducting  wire  is  surrounded  with  insulating 
material,  which  is  covered  with  the  second  con- 
ductor in  the  form  of  brass  or  other  metallic  tape 
or  foil ; this  is  then  sheathed  with  an  outer  cover- 
ing of  insulating  material.  Should  only  a part  of 
the  line  be  exposed  to  induction,  that  part  only 
need  be  protected  by  the  metallic  tape,  the  current 
returning  the  rest  of  the  distance  by  earth. 


j 1,475.— F.  Wirth,  Frankfort.  (J7.  M.  Manly, 

It.  P.  Manly,  and  IF.  .7.  PhUqi.t,  Philadeljihki, 
U.S.A.)  Telegraphic  Cables  or  Conduc- 
tors. 8d.  (1.5  figs.)  April  10. 

j Conductors. — The  tube  and  wire  to  be  insulated 
I are  fixed  at  their  lower  ends  and  strained  con- 
I stantly  in  an  upward  direction,  the  molten  insu- 
, lating  material  being  forced  into  the  lower  end. 
The  wire  and  tube  are  kept  under  a yielding  tensile 
strain  while  being  cooled,  and  columns  of  the 
molten  insulating  material  are  applied  at  both 
ends  of  the  tube,  thus  compensating  for  any  con- 
traction which  may  occur.  When  a number  of 
! wires  are  to  be  used  they  are  introduced  into  the 
tube  by  threading  the  ends  through  perforations 
in  two  plugs,  one  of  which  passes  through  the  tube 
and  the  other  is  fastened  in  the  end.  The  ends  of 
the  wires  are  secured  to  the  travelling  plug,  and 
are  carried  through  the  tube,  the  other  plug  being 
prevented  from  moving  inwardly.  The  cable  is 
twisted  by  being  clamjied  to  a rotating  flywheel. 
The  apparatus  for  filling  the  tube  consists  of  a fixed 
lower  head  bored  centrally  and  flared  downwardly, 
and  a movable  upper  head  similarly  bored,  but 
flared  in  the  opposite  direction.  Each  head  has  a 
lateral  passage  connected  to  a supply  pipe.  The 
lead  tube  is  passed  through  the  two  central  orifices, 
and  its  ends  are  flared  out  to  secure  it  in  the  heads. 
The  top  head  is  moved  by  a weighted  cord  passing 
over  a pulley,  the  wire  being  held  in  tension  by  a 
similar  device.  A constant  head  of  insulating  ma- 
terial is  maintained  from  a hopper,  and  the  supply 
pipe  leading  to  the  lower  head,  together  with  the 
hopper,  is  steam- jacketted.  A second  tube  of 
greater  diameter  serves  as  a water  jacket  to  the 
inner  lead  tube,  which  is  pierced  to  coincide  with 
the  passages  in  the  upper  and  lower  heads  respec- 
tively, through  which  the  insulating  material  is 
forced.  In  a modification  the  insulating  material 
is  admitted  through  the  lower  head  at  the  same 
time  that  water  is  admitted  to  the  water  jacket, 
the  insulating  material  being  supplied  in  excess 
and  allowed  to  flow  out  at  the  top.  The  joints  are 
made  by  passing  a close-fitting  sleeve  with  flaring 
ends  on  to  one  of  the  tubes  ; the  ends  of  the  wires 
arc  tlien  passed  through  hard  rubber  templates  and 
soldered  ; the  joint  is  then  placed  in  a mould,  and 
the  cavity  filled  with  insulating  material,  which, 
when  it  has  set,  is  coated  with  a non-hardening 
insulator,  such  as  balsam  of  fir  ; the  sleeve  is  then 
drawn  over  the  joint  and  the  ends  compressed,  care 
being  taken  to  preserve  the  flared  ends,  over  and 
about  which  plumbers’  wipe-joints  arc  made. 

1,507. — G.  G.  Andre,  Forking.  Electric  Lamps. 
Cd.  (8  figs.)  April  1,3. 

Lantern.w. — This  relates  to  an  electric  light  Ian- 
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tern  liy  wliieli  a tlcfinite  quantity  of  air  is  supi>lic(l 
to  tlie  incanilcscent  carl)ons,  while  the  lamp  is 
hurning,  an  automatic  ventilation  being  produced 
when  the  current  ceases.  The  illustration  shows 
one  of  the  inventor’s  lamps,  to  which  the  pre- 
sent invention  has  been  applied  ; a is  the  small 
hole  for  the  ingress  of  the  air,  and  it  may,  if  de- 
sired, be  made  adjustable  in  size  by  any  suitable 
means.  The  tube  h for  the  carbon  is  provided  at 
the  top  with  a small  aperture  h.  As  long  as  the 


current  is  passing,  the  core  tube  c is  drawn  down 
by  the  action  of  the  solenoid  </,  and  the  leather 
washer  c then  covers  the  aperture  h,  preventing 
the  escape  of  the  air.  AVhen  the  lamp  goes  out,  and 
the  current  ceases,  the  valve  c rises,  and  allows 
the  air  to  escape,  thus  producing  automatic  venti- 
lation. Further  drawings  represent  the  adaptation 
of  the  invention  to  other  lamps.  In  all  cases  a 
solenoid,  or  electro-magnet,  is  used  to  operate  a 
valve. 

*1,510. — G.  Wells,  London,  and  A.  Gilbert,  Wor- 
cester Park,  Surrey.  Insulators.  4d.  (5  figs.) 
April  13. 

IxsuLATORS. — The  object  is  to  secure  telegraph  i 


any  two  posts,  the  other  parts  of  the  wire  on  the 
other  sides  of  the  posts  shall  remain  securely  held. 
'I'he  lower  part  of  an  ordinary  vertical  insulator 
has  imbedded  in  it  a screw  bolt  d.  'J'he  wire,  after 
being  strained,  is  laid  in  the  groove  made  for  its 
reception  in  the  lower  part  c,  and  a cap  e,  having  a 
corresponding  groove,  is  placed  thereon,  and  fas- 
tened down  by  a nut  </,  so  that  the  wire  is  gripped 
between  the  upper  and  lower  groove  in  the  manner 
shown.  The  bolt  d is  bent  to  allow  of  the  wire 
being  readily  replaced  or  removed. 

1,552. — A.  M.  Clark,  London.  (./.  M.  A.  Gdrard- 

Lrsaiyer, Paris.)  Electric  Lamps.  Gd.  (2figs.) 

April  15. 

Arc  Lamp. — The  chief  improvement  consists  in 
the  arrangement  of  the  electrodes,  which  are  each 
formed  of  two  carbons  inclined  towards  each  other 
in  the  form  of  a r,  and  so  shaped  at  the  points  as 
to  touch  each  other  in  a vertical  plane.  The  lamp 
is  composed  of  two  piairs  of  tubular  carbon-holders 
a a',  through  which  the  two  sets  of  carbons  h Id 
slide.  The  whole  of  the  mechanism  is  mounted  on 
a plate  c,  to  which  the  holders  a are  permanently 
fi.xed,  the  other  holders  a'  being  hinged  to  it  at  d ; 


i is  an  electro-magnet  placed  in  a shunt  circuit,  and 
serves  to  bring  the  carbons  together  to  establish 
the  arc,  the  spring  //  separating  them  to  the  extent 
allowed  by  the  adjusting  screw/;  vi  7>i  are  gun- 
metal  rollers,  which  are  used  both  to  guide  the 
carbons  and  to  make  electric  contact  between  the 
holders  and  the  carbons  near  their  points  ; r r is  a 
fan-shaped  electro-magnet,  through  which  the  main 
current  passes,  curved  prolongations  of  the  coi'es 
being  provided,  as  shown,  to  localise  the  arc. 

1,553. — C.  D.  Abel,  London.  (Cd'.  OenCrale 
d'  Edairaije  Elect riqiir,  Paris.)  Electric 
Lamps.  Gd.  (Gfigs.)  April  IG. 

Arc  Lamp. — This  refers  to  Specification  No.  8G3 
of  1879,  wherein  the  carbons  were  encircled  in 
the  direction  of  their  length  by  an  “electrical 
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loop,”  to  localise  the  arc.  The  present  lamp  has 
the  “electrical  loop,”  composed  of  a luimher  of 
turns  of  wire  carried  in  an  iron  sheath,  which  he- 
comes  magnetised  on  the  passage  of  the  lamp 
cui’rent,  and  attracts  a spring  armature,  a stud  on 
which  separates  the  carbons,  and  establishes  the 
arc.  For  this  purpose  one  of  each  pair  of  carbons 
is  held  in  a socket  pivotted  to  the  frame,  and  so 
loaded  that  its  point  bears  against  the  point  of  the 
other  fixed  carbon.  Both  carbons  may  be  advanced 
by  clockwork  so  as  to  keep  the  arc  at  one  point. 
In  a lamp  for  burning  a number  of  pairs  of  carbons 
in  succession,  one  carbon  of  each  pair  is  pressed  by 
a spring  against  a fusible  stud  near  its  root,  the 
other  carbon  is  jointed  to  a lever  connected  to  the 
armature  of  an  electro-magnet,  which  may  be  part 
of  the  sheath  covering  the  “ electrical  loop,”  in  the 
lamp  circuit.  When  the  circuit  is  completed,  one 
or  other  of  the  pairs  of  carbons  becomes  kindled, 
and  all  the  carbons  are  separated  ; when  the  arc 
reaches  the  fusible  stud  the  circuit  is  broken,  and 
the  armature  drops,  bringing  the  points  into  con- 
tact again,  and  the  operation  is  repeated.  When 
several  lamps  are  placed  on  the  same  circuit,  an 
automatic  cut-out  and  resistance  is  used.  The 
main  conductor  divides  into  two  branches  at  each 
lamp  ; one  branch  passes  through  the  coil  of  an 
electro-magnet,  the  lamp,  and  to  the  main  con- 
ductor beyond  the  magnet.  The  other  branch  passes 
by  the  armature  of  the  electro-magnet,  a contact, 
and  a resistance  equal  to  the  lamp,  back  to  the 
main  conductor.  Should  the  lamp  lie  extinguished, 
the  armature  falls  and  makes  contact,  shunting 
the  current  through  the  resistance  to  the  main  con- 
ductor. 

1,563. — J.  H.  Johnson,  London.  (T.  W.  Htan- 
ford  and  S.  MiUiijan,  Jlclhourne,  Aiis/ra/ia.) 
Railway  Brakes,  (id.  (2  figs.)  April  10. 

Generatqk. — An  “electrical  machine”  is  used 
to  supply  current  to  the  brakes,  which  are  electro- 
magnets “shod  with  iron  sliocs  m.ade  to  tit  the 
periphery  of  the  wheel.” 

1,580. — E.  P.  Alexander,  London.  (Karl  Zi/n-r- 
7wwyJ:i/,  JUida-Festh.)  Dynamo-Electric  Ma- 
chines. (id.  (4  figs.)  April  17. 

Dynamo-Electric  Generator. — In  a dynamo- 
electric  generator  for  producing  currents  of  great 
tension  a cylindrical  armature,  wound  lengthwise 
with  coils  of  insulated  wire,  is  caused  to  revolve 
within  a ring-shaped  electro-magnet  consisting  of 
an  iron  ring  wound  over  sections  of  its  circum- 
ference with  coils  of  insulated  wire,  so  as  to 
proiluce  a number  of  successive  polar  fields  of 
alternate  polarity,  and  having  inwardly  project- 
ing polar  extensions.  I'he  coils  of  the  armature 


are  wound  in  the  form  of  rectangles  having  their 
long  sides  parallel  to  the  axis,  the  width  of  each 
coil  being  such  that  its  two  sides  are  at  the  same 


time  approaching  and  leaving  two  of  the  polar 
fields.  The  core  of  the  armature,  for  very  strong 
currents,  is  made  of  wrought-iron  plates  whose 
continuity  is  broken ; and  for  producing  continuous 
uniform  currents  it  is  formed  of  sj)iral-shaped  rings 
of  insulated  iron  wire  wound  round  a cylinder  of 
non-magnetic  material.  The  currents  are  collected 
by  a cylindrical  commutator,  which,  in  order  to 
diminish  wear  and  tear  of  the  plates,  is  lubricated 
with  pure  petroleum,  drawn  from  a tank  placed 
above  the  commutator,  through  a porous  wick  which 
extends  from  the  tank  in  such  a manner  as  to  bear 
tangentially  against  the  commutator.  The  arma- 
ture is  made  hollow,  and  has  openings  in  its  ends 
and  periphery,  so  that  the  air  put  in  motion  by 
internal  olilique  fans  may  keep  the  machine  cool. 
The  draw  ings  without  furtlicr  reference  will  show 
the  disposition  of  the  various  parts. 

1,585. — G.  Scarlett,  Liverpool.  Coils  for  Electro- 
Magnets,  &c.  Gd.  (4  figs.)  April  17. 

Electro-Macnet.s. — The  coils  arc  wound  with 
two  or  more  insulated  wires  in  multiple  arc,  the 
core  having  as  many  divisions  as  there  are  wires, 
the  wire  in  each  division  being  “ of  the  same  re- 
sistance as  the  line  in  telegraphy,  or  of  the  pro- 


ducer of  electricity  in  electro-magnets.”  If  preferred, 
the  Insulated  wires  may  be  wound  together  upon 
the  bobbin.  'I'lic  main  point  to  bo  observed  in  these 
coils  is  that  the  depth  of  the  coil  should  not  be  less. 
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tlian  the  dianietcv  of  the  core.  Fig.  1 shows  a 
liorseshoe  magnet  wound  with  ciglit  independent 
\\'ires,  and  Fig.  *2  a hohhin  wound  for  telegraphic 
purposes  with  two  such  wires. 

1,649. — W.  R.  Lake,  London.  (II.  S.  Maxim, 
Broollyn,  Xcw  Tori',  U.S.A.)  Electric 
Lighting  Apparatus,  &c.  8d.  (12  figs.) 

April  21. 

Arc  L.iMR. — This  invention  relates  firstly  to  a 
sensitive  electric  regulator  having  the  mechanism 
above  the  luminous  focus,  and  in  which  “ all  fric- 
tion is  removed  from  the  regulating  device  by 
.suspending  the  working  parts  upon  springs,  which 
at  the  same  time  support  the  upper  carbon  and  its 
feeding  mechanism  free  from  contact  with  all  other 
parts  of  the  lamp,  and  serve  as  frictionless  conduc- 
tors of  the  current  to  the  carbon-holder.”  The 
upper  carbon-holder  is  at  the  end  of  a vertical 
rack,  guided  in  the  movable  core  of  a solenoid 
•or  axial  magnet,  and  supported  by  the  teeth  of  a 
pinion,  which  forms  one  of  a train  of  wheels 
mounted  upon  a non-niagnetic  extension  of  the  core 
of  the  solenoid,  and  consecpiently  capable  of  a ver- 
tical oscillating  motion  by  which  the  fingers  of  a 
■star  wheel  fitted  with  vanes,  in  the  train,  may  be 
brought  into  or  out  of  contact  with  a fixed  detent 
on  the  lamp  case.  The  core,  together  with  the 
train  of  wheels  and  the  rack,  is  suspended  by  two 
fixed  and  one  adjustable  spring,  and  is  raised  and 


lowered  within  certain  limits  as  the  strength  of 
the  current  circulating  in  the  solenoid  increases  or 
diminishes.  When  the  arc  lengthens  the  core 
gradually  sinks  until  the  star  wheel  is  clear  of  the 
detent,  and  then  the  wheels  slowly  revolve  and 
allow  the  rack  to  run  down,  until  the  increased 


current  raises  the  core  and  stops  the  wheelwork. 
In  the  illustration  M is  the  carbon-holder,  with  a 
ball-and-socket  attachment  to  tlie  rack  rod.  The 
double  spring  T,  fixed  at  either  end  to  the  case, 
supports  the  core  1),  as  does  also  the  spiral  I, 
which  can  be  adjusted  by  the  screws  .1  and  K.  (i 
is  the  fixed  stop,  and  F the  star  wheel  affixed  to  an 
arm  carried  on  the  solenoid  core.  L is  an  arm  for 
j looking  the  lamp.  The  globe  for  protecting  the 
j carbons  is  carried  from  the  lower  ends  of  the  rods 
I (I  il,  wdiich  are  telescopic  to  allow  of  it  being 

' easily  lowered,  and  are  locked  in  position  by 

suitable  catches. 

j Inc.-vnde.scence  L.vmp. — This  inv^ention  relates 
, secondly  to  an  incandescence  lamp,  and  refers  (a) 
to  the  method  of  attaching  the  carbons,  (Ij)  to  the 
formation  of  the  vacuum,  (c)  to  the  sealing  of  the 
globe.  The  carbons  and  the  platinum  supports 
j have  enlarged  flattened  ends,  and  are  fixed  together 
by  platinum  screw's  and  soft  carbon  washers,  placed 
at  each  side  of  the  hard  carbon  filament.  In  form- 
ing the  vacuum,  the  air  is  first  exhausted  from 
the  globe  by  a pump,  and  an  atmosphere  of  hydro- 
carbon admitted  to  replace  it.  Tliis  vapour  is 
then  exhausted,  and  another  supply  admitted  until 
[ nearly  every  trace  of  oxygen  is  removed,  and 
nothing  left  but  a slight  residuum  of  hydro-carbon 
[ vapour  w'hich  w'ill  be  precipitated  on  the  hottest 
part  of  the  filament,  when  the  latter  is  in  opera- 
tion. The  method  of  sealing  is  illustrated  in  Fig.  2, 
where  A is  the  globe,  B the  carbon  filament,  C C 
platinum  supports,  F plaster-of-paris,  (1  shellac  or 
copal,  H vulcanite  base,  I a metallic  core.  The 
conductor  S'-  is  connected  to  C-  by  a metallic  ring 
R-,  the  conductor  C is  in  connection  with  the 
! metallic  core  I.  This  invention  further  relates  to 
j an  apparatus  and  a process  for  carbonising  sub- 
! stances  for  making  the  filaments  of  incandescence 
i lamps,  by  exposing  wood,  the  inner  bark  of  trees, 
j cardboard,  &c.,  bent  to  the  reqidred  shape,  to  a 
t high  temperature  in  the  presence  of  hydro-carbon 
gas  or  vapour. 

1,704. — H.  J.  Haddan,  London.  (A.  Bureau, 

I . 

Hand.)  Electric  Lamps.  Cd.  (.3  figs.) 

April  26. 

Arc  L.\mp. — The  extremities  of  the  two  carbons 
C C are  embedded  in  a block  M of  refractory  ma- 
terial, such  as  marble,  which  is  cut  out  so  as  to 
form  a vault  A directed  towards  the  side  which  is 
to  be  illuminated,  there  being  at  the  top  of  the 
vault  two  orifices  which  lead  to  the  points  of  the 
carbon,  thereby  forcing  the  arc  to  take  a prescribed 
path.  It  is  stated  that  by  this  means  the  con- 
sumption of  the  carbons  is  lessened  by  the  protec- 
tion from  the  air  which  the  marble  block  affords 
them,  and  that  by  the  high  temperature  of  the 
refractory  material  a disaggregation  of  the  carbons, 
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favoiiral)lc  to  the  formation  of  the  arc,  is  secured, 
thus  permitting  the  use  of  currents,  either  alter- 
nating or  continuous,  of  small  quantity.  The  light- 
ing of  the  lamp  is  effected  by  joining  the  poles  with 
a small  strip  of  carbon  or  other  conductor.  The 


carbons  may  be  placed  at  any  desired  angle  or  in 
different  planes,  or  one  of  the  carbons  may  be 
replaced  by  a metallic  electrode  ; the  current  is 
conducted  to  them  by  connections  T turning  on 
centres  B,  and  resting  in  grooves  at  the  top  ends 
of  the  carbons.  The  lamp  is  enclosed  in  a frame  D 
provided  with  a means  of  suspension  S. 


*1,720.  — J.  R.  Edwards,  Liv'erpool.  Attach- 
ment of  Telegraph  Wires  to  Insulators. 
2d.  April  27. 

Insulators. — Instead  of  attaching  the  line  wire 
to  insulators  by  binding  wire,  a steel  wii'e  in  the 
shape  of  a ring  welded  at  the  joint  is  used  so  as  to 
tightly  hold  the  line  wire  slightly  bent  round  the 
insulator.  In  applying  the  clip  or  ring  it  is  doubted 
until  the  two  halves  nearly  touch,  and  the  line 
wire  is  placed  between  the  two  loops  fonned  by 
the  double  ring,  which  is  then  placed  over  the  top 
of  the  insulator  and  forced  into  the  groove. 

*1,824. — R.  C.  Anderson,  Wood  Green,  INIiddle- 
sex.  Electric  Telegraphs.  2d.  May  4. 

Conductors. — In  lieu  of  the  ordinary  metallic 
conductor,  a fluid  conductor  such  as  sea-water  is 
used,  contained  in  a tube  of  suitable  material. 
The  resistance  to  the  passage  of  the  current  being 
much  greater  than  obtains  with  the  ordinary  wire, 
currents  of  high  tension  such  as  induced  currents 
are  necessary. 

1,826.  — J.  E.  H.  Gordon,  Dorking,  Surrey. 
Apparatus  for  Producing  Electric  Light. 
Cd.  (1  fig. ) May  4. 

Arc  Lajip. — The  light  is  produced  by  rapidly 
alternating  currents  of  high  tension  discharged 
between  knobs  of  refractory  metal  which  arc 
thereby  caused  to  become  heated  and  to  emit 
light.  The  source  of  electricity  may  be  either  an 
induction  coil  or  a magneto  or  dynamo-electric 
generator,  provided  that  the  currents  are  rapidly 
alternating,  and  are  of  high  tension.  In  the  illus- 
tration G G arc  wires  of  platinum  or  iridium  end- 
ing in  balls  of  the  same  metal,  the  outer  ones  being 
connected  to  the  source  of  the  electricity  which 


springs  from  one  to  the  other.  A is  a glass  globe 
and  K an  insulating  plate  on  which  the  terminals 


are  secured.  The  central  aperture  serves  as  a 
chimney.  To  start  the  lamp  the  knobs  are  brought 
together  either  “ by  hand,  by  the  use  of  suitable 
levers,  or  automatically.” 

1,840. — W.  R.  Lake,  London.  (T.  L.  GUu<jman, 
Xorfh  Carolina,  U.S.A.)  Production  of 
Electric  Light.  (Jd.  (4  figs.)  Mayo. 

Incande.scence  Lamp. — The  incandescing  portion 
consists  of  a mass  (in  the  form  of  a sphere  or 
spheroid  or  other  shape)  composed  of  the  oxide  of 
zirconia,  or  a mixture  of  zirconia  and  plumbago  or 
other  carbon,  or  of  zirconia  and  alumina,  or  mag- 
nesia, lime,  silica,  or  mixtures  with  one  or  more 
of  these  substances.  The  mass  is  coated  with  a 
glazing  of  zirconia  or  one  of  the  other  substances 
above  named.  This  mass  is  supported  on  each 
side  by  wires  or  pins  of  platinum,  brass,  iron,  or 
other  metal  connected  with  copper  electrodes. 


The  pins  may  be  connecteil  at  several  points  with 
the  mass  or  only  at  one  point,  or  may  be  expanded 
at  the  point  of  contaet.  The  outer  coating  of 
zirconia  assists  in  completely  c.xcluding  the  air 
from  the  carbon,  which  is  therefore  protected 
from  combustion.  The  incandescence  is  produced 
by  the  passage  of  the  current  through  the  mass, 
and  the  carbon  being  protected  from  combustion 
no  feed  mechanism  is  necessary.  In  the  illustra- 
tion A is  the  mass,  B the  platinum  wires  or  pins, 
and  C the  electrodes.  In  some  cases  openings  arc 
made  through  the  mass  in  different  directions  to 
admit  air  to  affect  the  amount  of  heat  at  dill'crent 
points. 
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1,958.— J.  H.  Joh  nson,  Lomlon.  {(!.  L.  And/'r-^ 
(aid  T.  A.  jrnfuoii,  Evendt,  Manx.,  U.S.A.) 
Telephonic  Exchange  Systems.  Is.  8il. 
(.88  figs.)  May  12. 

Magxeto-Klectrio  (Jeneratok. — A magneto- 
elccti'ic  generator  is  nsed  to  transmit  an  induced 
current  for  signalling  purposes,  and  consists  of 
a permanent  horseshoe  magnet  having  a pair  of 
coils  fixed  on  its  polar  extremities  with  their 
axes  at  right  angles  to  the  plane  of  the  mag- 
net. The  armature  of  the  coils  is  fixed  to  a 
lever  pivotted  on  a suitable  support,  and  is  re- 
moved from  the  poles  by  depressing  one  end  of 
the  lever  with  a sliding  push  bar.  The  magnetic 
make  and  break  induces  the  current.  In  another 
generator  two  rotating  armatures  are  used,  and 
are  so  arranged  that  the  currents  produced  by 
one  is  of  minimum  while  that  of  the  other  is  of 
maximum  intensity.  A permanent  magnet  is 
provided  with  pole-pieces  between  which  revolve 
two  armatures  of  the  Siemens  type,  carried  in 
suitable  bearings  and  rotated  by  a gear  wheel, 
engaging  pinions  on  the  armature  shafts.  The 
currents  are  collected  by  springs  bearing  on  two 
p>art  commutators,  and  the  connections  are  made 
to  enable  either  high  or  low  tension,  or  continuous 
or  alternating  currents  to  be  sent  through  the 
circuit. 

*1,960. — G.  Wells,  London,  and  A.  Gilbert, 
Worcester  Park,  .Surrey.  Insulators  for 
Telegraph  Wires,  &c.  2d.  May  1.3. 

IxsuL.XTORS. — The  insulator  is  surmounted  by  a 
head,  shaped  to  receive  one  or  more  bolts,  which 
have  a small  groove  on  the  under  side  of  their 
heads  to  grip  the  wire  against  corresponding 
grooves  in  the  insulators.  In  a second  arrange- 
ment the  head  of  the  insulator  is  formed  with  one 
flat  side,  over  which  a band  of  iron  passes  and 
grips  the  wire  between  a groove  in  its  inner  side 
and  the  insulator,  and  is  tightened  by  a screw 
passing  through  its  opposite  side,  and  abutting 
against  the  insulator. 

1,998. — W.  R.  Lake,  London.  [C.  A.  Seehaj,  New 
Yoi-k,  U.S.A.)  Magneto-Electric  Machines. 
6d.  (Cfigs.)  May  14. 

Dynamo-Electric  Generator. — The  armature 
consists  of  a flat  disc  made  up  of  a number  of  sec- 
tors of  insulated  wire,  wound  so  as  to  be  in  the 
plane  of  revolution,  and  secured  at  their  centre 
and  periphery  by  iron  plates,  by  which  they  are 
attached  to  the  shaft.  The  faces  of  the  field-magnet 
poles  are  set  radially  to  conform  to  the  armature, 
and  those  on  either  side  of  the  disc  are  set  in  the 
same  plane.  The  sectors  may  be  coupled  in  series 
or  in  multiple  arc  ; in  either  case  commutators  of 


the  ordinary  construction  are  used.  The  radial 
wire  only  is  comprised  within  the  magnetic  field, 
the  connecting  wires  being  entirely  beyond  it,  and 
serving  as  a support  for  the  armature  structure. 

2,037. — W.  Clark,  London.  {P.  Dn-ir,  Brookhjii, 

1 New  York,  U.S.A.)  Electric  Lamps.  Gd. 

i (ofigs.)  May  19. 

I Inc.^nde.scenceLamps. — The  glass  v'acuum  cham- 

I her  or  globe  A is  formed  witli  a tubular  exten- 
sion a,  and  inner  concentric  cylinder  cd,  closed  at 
the  toji,  and  having  the  sealing  tubes  b h,  formed 
with  bulbs  0,  for  containing  mercury  to  seal  the 
I conducting  wires  c,  which  pass  freely  through  the 
i tubes.  The  tubes  may  be  closed  at  their  lower 
ends  around  the  wires,  in  whicli  case  tlie  Imllis  o 
I are  dispensed  with,  or  they  may  be  extended  up- 
ward from  the  closed  lower  end  of  the  extension  a. 


and  closed  at  their  upper  ends  around  the  wires. 
Tlie  filament  is  slirunk  on  the  conducting  wire 
during  the  process  of  carbonisation,  and  is  made 
of  greater  thickness  at  the  point  of  connection.  A 
secondary  air-chamber,  either  above  or  below  the 
globe,  and  opening  into  it,  is  used.  “ The  residual 
air  will  be  forced,  l)y  being  heated  when  the  lamp 
is  in  use,  into  the  secondary  chamber,  and  remain 
until  the  current  is  cut  oft'.” 

*2,068. — F.  H.  Warlich,  London.  Production 
of  Pictures  by  the  Agency  of  Light.  2d. 
May  21. 

Electric  Light. — “The  electric  or  other  light” 
is  employed  for  the  more  speedy  and  accurate  pro- 
duction of  enlarged  photographs. 

2,121. — E.  Mourlot,  Paris.  Substance  for  Re- 
placing the  Gutta-Percha,  &c.  2d.  May25. 
Conductors. — An  insulating  material  is  made 
by  extracting  the  gummy  substances  contained  in 
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the  external  skin  or  hark  of  birch  trees  aiul  mixing 
it  either  with  gutta-percha  or  india-rubber,  without 
restriction  as  to  tlie  proportions.  By  adding  a small 
proportion  of  the  product  to  ordinary  gutta-percha 
or  india-rubber,  it  imparts  to  it  the  property  of  re- 
maiiung  unchangeable,  prevents  cracking  or  break- 
ing, and  adds  ‘‘a  power  of  resistance”  which  neither 
india-rubber  nor  gutta-percha  possesses. 

■*2,147. — W.  Lloyd  Wise,  London.  (/.  J . 

]\u'is.)  Electric  Light  Apparatus.  2d. 
May  20. 

Arc  L.vjip. — The  carbons  are  curved,  so  as  to 
form  arcs  of  circles.  Each  carbon  is  carried  by  an 
adjustable  balance  lever,  supported  on  an  insulateil 
axis,  and  is  connected  by  a circularly  curved  arm 
to  a float  immersed  in  an  insulated  bath  of  mercury 
or  other  fluid,  which  is  contained  in  a stationary 
vessel  and  traversed  by  the  current.  This  vessel 
is  shaped  to  an  arc  of  a circle,  of  which  the  balance 
lever  axis  is  the  centre,  and  is  situated  on  the  same 
side  as  the  carbon.  The  curved  arm  cari-ying  the 
float  is  so  proportioned  that,  as  the  carl)On  is  con- 
sumed, it  will  gradually  ascend  in  the  mercury  in 
such  wise  that  the  loss  of  carbon  will  be  correctly 
compensated  by  the  upward  movement  thereof,  the 
two  carbons  being  so  balanced  that  the  points  ai’e 
jnaintained  at  the  recpiired  distance  apart.  It  is 
stated  that  by  causing  the  current  to  pass  through 
mercury  all  unpleasant  noise  and  vibration  is 
obviated. 

2,179.  — A.  Specht,  Hamburg.  (O.  Schinnanii, 
Hamhur'j.)  Hollow  Glass  Reflectors  for 
Lamps,  &c.  Od.  (10  figs.)  !May  28. 

Reflector.s.  — These  consist  of  hollow  glass 
cupolas  coated  inside  with  silver,  and  are  adapted 
for  reflecting  the  light  either  downward  or  side- 
■ways.  Several  forms  of  reflectors  are  shown,  in 
which  the  cliief  feature  is  the  formation  of  a neck  h 


tl'.rough  both  walls  of  glass,  for  the  lamp  cylinder, 
and  a bulb  ft.  The  sih'ering  of  the  glass  is  per- 
formed in  the  usual  manner;  but  to  give  the  silver 
solution  a permanent  hold  on  the  glass  and  to  pro- 
tect it  from  the  influence  of  heat  and  the  atmosphere, 
a thin  coating  of  asphalte  varnish  is  applied. 

*2,236. — S.  Cohne,  London.  Electric  Lamp, 
&.C.  2d.  .June  1. 

Arc  Lamp. — The  carbon-holders  arc  carried  on 
the  arms  of  a parallelogram  frame  actuated  by  a 


vessel  .submerged  in  a cylinder  containing  water  or 
other  fluid,  and  arranged  so  that,  as  the  consump- 
tion of  the  carbons  takes  place,  the  lower  one  rises 
and  tlie  upper  one  descends.  A syphon  may  be 
substituted  for  the  cylinder,  the  vessel  carrying  the 
carbons  floating  upon  the  fluid  in  the  long  leg.  On 
the  short  leg  is  a cover  containing  a small  aperture 
through  which  the  fluid  passes  at  the  rate  rerpiired 
by  the  consumption  of  the  eai'bons. 

2,252. — G.  G.  Andre,  Dorking,  and  E.  Easton, 

London.  Electric  Lamps.  Cd.  (.‘1  figs.) 

.June  2. 

.Semi-Ixc.axde.scexce  Lamp. — The  light  is  pro- 
duced by  the  incandescence  of  a carbon  electrode  in 
contact  with  a copper  electrode,  and  the  novelty 
consists  in  feeding  a carbon  or  carbons  placed  end 
to  end  in  a holder  so  as  to  slide  therein,  by  means 
I of  a cord  and  weight,  which,  when  the  negative 
electrode  approaches  the  positive,  are  brought  into 
action  by  means  of  a regulator  orlirake  controlled  by 
the  electric  current.  The  electrode  C-  slides  freely 
in  the  bracket  C,  and  has  a contact  made  with  it 
by  the  spring  L-',  carried  by  the  rod  C'  passing  at 
its  lower  end  through  a solenoid  of  high  resistance, 
which  serves  to  prevent  sparking  when  contact  is 
broken  at  L^  The  electrode  C'-  follows  the  wasting 


carbon  D until  it  has  reached  the  end  of  its  travel, 
Avhen  a further  consumption  of  carbon  will  break 
the  circuit,  and  dindnish  or  extinguish  the  light. 
Thecarhons  I)  are  placed  end  to  end  in  a tube,  and 
are  forced  up  by  an  arrangement  resembling  a car- 
riage lamp  with  a weight  rei)lacing  the  usual  spring. 
The  weight  is  controlled  by  being  attached  to  a cord 
passing  round  a brake  pulley  held  or  released  by  the 
action  of  a solenoid  (not  shown)  wound  diirerentiall3' 
so  that  when  the  current  is  flowing  normally  it  is 
out  of  action,  but  when  the  resistance  of  the  lamp 
is  increased,  it  lifts  the  brake  lever  and  allows  the 
weight  to  feed  on  the  carbon  ; /)  is  a ventilating  hole 
controlled  by  apparatus  described  in  Specilication 
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No.  l,r>07  of  1880.  K is  a contact  point  on  to 
which  the  upper  pole  falls  to  short-circuit  the  lamp 
when  the  earhon  is  totally  consumed.  In  a lamp 
in  which  the  upper  carbon  descends,  the  hohler  is 
made  of  suliicient  weight  to  force  the  carbon  down, 
the  lower  electrode  being  forced  up  by  a counter- 
weight. 

2,271. — J.  J.  W.  Watson,  St.  Marychurch,  South 

Devon.  Artificial  Illumination,  &.c.  8d. 

(17  figs.)  June  3. 

iNC.iNDEscKXCE  L.\Mi’.s. — Tlic  object  of  the  in- 
vention is  to  produce  increased  illumination  by 
discharging  currents  of  induced  electricity  through 
gas  and  other  flames.  Several  modes  are  proposed. 
Among  others,  three  “fish-tail”  or  “batswing” 
burners  are  inclined  upwards  to  produce  a “cocked- 
hat”  flame,  this  form  being  well  adapted  for 
use  with  the  electric  arc  proper,  or  with  an  incan- 
descent platinum  coil.  The  platinum  coils  may  be 
wound  on  spools  of  asbestos,  and  placed  either 
vertically  or  arched  across  the  flames,  or  they  may 
be  of  “ pine-apple”  or  double  “ bee-hive”  form. 

Arc  L.\mp. — From  a suitable  base  rise  two  hollow 
standards  of  glass,  surmounted  by  hollow  curved 
arms,  carrying  at  their  centre  a ring  out  of  whicli 
jets  of  gas  issue.  The  two  carbons  are  inclined 
together,  and  are  fed  uiiwards,  so  that  the  arc  shall 
be  formed  in  the  focus  of  the  gas  jets.  The  carbons 
are  guided  near  their  points  by  grooved  rollers,  and 
have  their  lower  ends  held  in  holders  fitted  to  a 
crossbar  attached  to  a rod  provided  at  its  lower  end 
with  a piston.  This  piston  fits  in  a cylinder  in  which 
a pressure  of  water  is  maintained  by  an  annular 
piston  depressed  by  a spring  fitting  in  a second 
larger  cylinder  surrounding  the  first  one.  The 
annular  piston  is  lifted  by  a rack  and  pinion,  the 
flow  of  liquid  being  controlled  by  a taper  plug 
valve.  A solenoid  carries  on  the  top  of  its  core  a 
bevelled  block  of  steatite  which  separates  the 
points  of  the  carbons  on  tlie  admission  of  the  cur- 
rent which  should  be  alternating. 

Conductor.'-!.  — These  are  carried  in  glazed 
earthenware  jiipes  fitted  witli  earthenware  dia- 
phragms placed  at  each  joint.  The  mains  should 
be  of  tapering  section.  The  negative  main,  where 
direct  currents  are  used,  is  an  uninsulated  iron  rod 
offering  the  same  resistance  as  the  thickest  section 
of  the  positive  main.  Automatic  cut-outs  and 
resistances  are  used  to  equalise  the  current.  The 
gas  supply  cock  may  also  be  part  of  an  electrically 
controlled  switch,  which  simultaneously  closes  the 
circuit  and  urns  on  the  gas. 

Current  Meter. — The  gas  meter  is  fitted  with 
an  extra  set  of  dials  worked  by  the  gas  when 
thrown  into  gear  by  an  electro-magnet  placed  in 
the  main  circuit. 


2,272. — T.  Slater,  London.  Obtaining,  In- 
creasing, and  Employing  Currents  of 
Electricity,  &c.  Gd.  (3  figs.)  .lune  .'5. 
Dyn.\mo-Electkic  Gener.\tor. — This  consists  of 
a generator  with  field  magnets  having  their  oppos- 
ing poles  N N,  S S,  as  shown,  separated  by  strip.s 


of  dia-magnetic  material.  Two  sections  of  the 
rotating  armature  are  illustrated,  in  each  case  com- 
posed of  two  similar  electro-magnets  with  their  like 
poles  opposed  and  separated  by  dia-magnetic  mate- 
rial. A compound  armature  consists  of  “ two  or 
more  lengths  on  the  same  axle.”  The  commutator 
and  connections  are  as  usual.  Each  part  of  the 
compoiind  armature  may  be  of  dift'erent  diameter, 
the  current  pas-sing  from  the  smaller  to  the  larger. 
The  large  part  may  have  a pu'imary  and  secondary 
coil,  one  coil  receiving  the  current  from  a galvanic 
battery  “ and  the  other  coil  receiving  its  current 
from  the  permanent  or  fixed  magnets  of  its  own 
machine.” 

2,453. — J.  C.  Mewburn,  London.  (F.  A.  Achnrd, 
Parin.)  Electric  Apparatus  for  Working 
Railway  Brakes.  Cd.  (17  figs.)  June  17. 

Dynamo-Electric  Oenerator.s. — This  refers  to 
improvements  in  the  electrical  apparatus  described 
in  Patent  No.  1,387  of  1877.  The  inventor  states 
that  “instead  of  employing  piles”  (preferably  of 
the  Plante  type)  “ as  the  source  of  electricity  for 
operating  the  brakes,  magneto-electric  and  dymamo- 
clectric  induction  machines  can  be  em2iloyed, worked 
by  the  wheels  of  the  v'ans  in  which  tliey  are  iilaced.” 
A commutator  and  relay  are  also  described. 

2,665. — W.  R.  Lake,  London.  (/’.  B.  Lamh, 
Camdn,  Kciv  J('rxey,  U.S.A.)  Protective 
and  Insulating  Casings  for  Underground 
TelegraphicWires,&c.  Gd.  (3figs.)  June29. 

Conductors. —The  casings  are  made  of  cylin- 
drical blocks  of  terra-cotta  or  other  suitable  sub- 
stance, and  have  jiassages  or  channels  lined  with 
india-rubber  or  other  equiialent  substance,  through 
which  the  conductors  are  carried.  No  joint  is 
mentioned. 

2,764. — G.  G.  Andre,  Dorking,  Surrey.  Electric 
Lamps.  Sd.  (21  figs.)  July  G. 

Arc  Lamp. — The  regulation  of  the  arc  is  effected 
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by  a small  electro-motor.  'J’he  motor  armature  is 
wouiul  with  a double  set  of  wires,  each  set  having 
its  own  commutator,  so  that  two  currents  of  oppo- 
site directions  may  be  passed  through  the  coils  at 
the  same  time,  causing  the  armature  to  revolve  in 
the  direction  determined  by  the  predominating 
current.  The  main  current  is  passed  round  the 
electro-magnets  of  the  motor,  a branch  circuit  of 
high  resistance  running  through  one  set  of  coils  on 
the  armature.  A shunt  circuit,  having  a resistance 
erpial  to  that  of  the  branch  and  the  arc,  runs  from 
the  positive  to  the  negative  pole  of  the  lamp,  and 
passes  through  the  other  set  of  coils  of  the  arma- 
ture, so  that  the  currents  flowing  through  the 
armature  are  e(pial  to  the  shunt  current  flowing  in 
the  opposite  direction  to  that  of  the  branch.  In- 
stead of  winding  the  armature  ring  differentially, 
two  separate  rings  may  be  used  on  the  same  axis, 
or  the  electro-motor  may  be  arranged  to  work  on 
the  principle  of  the  Wheatstone  bridge.  In  this 
case  the  electro-magnet  coils  are  wound  in  two 


separate  circuits,  one  of  high  and  the  other  low 
resistance.  The  current  divides  on  entering  the 
motor,  one  part  passing  through  the  thick  coils  and 
through  the  arc,  the  other  part  flowing  through 
an  extra  resistance  and  through  the  thin  coils. 
The  helix  of  the  motor  forms  the  bridge  between 
the  junction  of  the  two  members  in  each  branch. 
Consequently  any  variation  in  the  resistance  of  the 
arc  causes  the  helix  to  revolve  and  move  the  posi- 


tion of  the  carbon  in  the  direction  required.  Figs. 

1 to  5 represent  the  motor  and  the  manner  in  which 
its  revolving  helix  is  connected  with  the  carbon. 
Fig.  2 showing  the  method  adopted  where  the 
carbons  are  long,  in  which  case  an  endless  cord  is 
used  to  actuate  the  feed  mechanism.  Figs.  .3  to  5 
show  an  arrangement  suitable  for  short  carbons. 
In  this  the  motor  is  placed  upright  and  caused  to 
work  by  a system  of  gearing  the  screw  R-,  which 
by  means  of  the  nut  S and  arm  E,  raises  or  lou  ers 
the  carbon  D.  The  nut  S is  made  in  halves  and 
held  together  by  a peg.  T is  a cup  containing 
copper-coated  shot,  forming  contact  for  the  carbon. 
The  motor  instead  of  being  worked  by  the  differ- 
ence of  two  currents  continually  flowing  through 
it,  may  be  actuated  by  a current  thrown  into  it 
only  when  required  either  by  the  differential  action 
of  two  electro-magnets  or  solenoids  upon  an  arma- 
ture, causing  a portion  of  the  main  current  to  pass 
through  one  or  other  of  the  helix  coils  as  required, 
or  by  a similar  differential  action  upon  a magnetic 
needle  the  motion  of  which  is  caused  to  make  it 
break  the  circuit  through  the  motor. 

Dys.^mo  - Electric  Generator.  — When  the 
motor  is  to  be  used  as  a generator,  the  parts  are 
enlarged  and  the  radial  arms  doubled  in  the  axial 
direction,  the  boss  and  rim  being  proportionately 
enlarged  as  required.  The  rim  is  divided  into  a 
number  of  contiguous  segments,  each  comprising  a 
group  of  arms  and  coils  wliich  are  coupled  up  for 
(juantity  or  tension  as  desired. 

Seaii-Inc.\niiescence  Lamp. — The  carbon-holder 
is  arranged  as  described  in  Patent  No.  2,252  of  ISSO. 
The  negative  electrode  is  so  hinged  to  a portion  of 
the  lamp  that  it  descends  upon  the  positive  carbon 
as  the  latter  burns  away.  When  it  has  descended 
a minute  distance,  a spring  on  the  end  of  the  arm 
carrying  the  electrode  comes  in  contact  with  a stud, 
and  shunts  a portion  of  the  current  through,  and 
starts  the  electro-motor.  In  this  case  the  armature 
is  W'ound  with  a single  coil,  and  the  motor  is  only 
required  to  turn  in  one  direction.  A short-circuit- 
ing switch  is  provided  to  prevent  the  circuit  being 
broken  should  the  lamp  become  extinguished. 

*2,835. — G.  W.  von  Nawrocki,  Berlin.  (T. 
Bahtlch'wkz,  Si.  Pi'lcr.'<hiini.)  Electric  Sig- 
nalling and  Controlling  Apparatus  for 
Trains.  4d.  July  0. 

Dynamo  - Electric  Generatoi:.  — A dynamo- 
electric,  or  other  generator,  is  used  to  operate  the 
signals  on  the  engine  and  in  the  guard’s  van. 

2,888. — H.  J.  Haddan.  (C.  Cnvimhiiin,  Vinjin'm 
City,  Nevada,  U.S.A.)  Signalling  Appar- 
atus for  Mines.  (id.  (7  figs.)  July  13. 

Conductors. — These  are  carried  down  the  shaft 
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and  are  connected  to  the  source  of  electricity  by  a 
brush  mounted  on  the  cage.  'J'he  completion  of 
the  circuit  causes  an  alarm  to  be  given  at  the 
surface. 

2,893. — Baron  Elphinstone,  Musselburg,  and 
C.  W.  Vincent,  London.  Apparatus  for 
Generating  Electric  Currents.  Sd.  (11 
tigs.)  July  13. 

Dvn.vmo-Elkctkic  (Jener.vtok. — This  invention 
is  an  improvement  on  the  generator  embodied  in 
Patent  No.  332  of  1879.  To  obtain  a steady  and 
uniform  current,  the  coils  are  arranged  diagonally 
upon  the  armature  drum.  A further  improvement 
consists  in  causing  a definite  proportion  of  the  in- 
duceil  current  to  traverse  the  electro-magnets.  To 
insure  this  the  armature  is  provided  with  two 
layers  of  diagonally  arranged  coils,  one  set  of 
which  is  connected  with  the  field  magnets,  through 
a commutator,  and  the  ends  of  the  other  set  are 
likewise  connected  with  a commutator,  which  may 
be  arranged  to  give  either  a continuous  or  an 
alternating  current.  Or  the  wires  of  the  two 
sets  of  coils  may  be  laid  side  by  side,  their 
ends  being  canned  to  separate  commutators  as 
before,  or  the  coils  may  be  arranged  in  three 
or  more  layers,  and  connected  either  for  tension 
or  quantity,  one  or  more  sets  being  employed 
to  feed  the  magnets,  and  the  remaining  sets  for 
supplying  the  outside  circuit ; or  again  one  set  of 
coils  only  may  be  used,  the  n ire  on  the  rotating 


drum  in  this  case  being  so  proportioned  in  area 
and  length  to  that  on  the  field  magnets,  that  the 
latter  cannot  carry  the  whole  of  the  electricity 
which  the  revolving  coil  is  capable  of  producing 


wlicn  its  maximum  speed  of  rotation  is  reached. 
Thus  the  drum  coils  will  act  as  if  they  w'cre  in  two 
layers,  the  field  magnets  taking  only  their  propor- 
tion of  the  current.  In  general  construction  this 
generator  resembles  the  one  previously  illustrated 
in  the  abstract  of  No.  332  of  1879,  with  the  excep- 
tion of  the  commutator,  wliich  as  shown  in  the  figure 
consists  of  a cylinder  of  vulcanite  h grooved  longi- 
tudinally to  receive  two  sets  of  brass  flanged  plates 
/i*  /<-,  the  flanges  of  the  former  Ijeing  double  the 
length  of  the  latter  ; the  plates  are  held  in  place  by 
the  binding  hoops  The  plates  correspond  in 
number  to  the  coils  on  the  armature.  The  brushes 
are  fitted  in  holders  carried  by  a ring  L,  capable  of 
axial  motion  on  its  annular  frame  K.  The  holders 
M IVP  are  divided  into  two  sets  and  mounted  on 
opposite  sides  of  the  ring  L,  from  which  they  are 
insulated.  The  brushes  M bear  on  the  slips  /d 
and  take  off  the  current  for  the  outside  circuit,  the 
other  brushes  collect  the  current  for  the  field  mag- 
nets. In  case  one  set  of  coils  only  is  used,  the 
commutator  is  made  with  one  set  of  slips  and 
brushes  only. 

2,980. — A.  M.  Clark,  London.  (./.  7/.  Guest, 
Broolhjn,  New  York,  U.S.A.)  Regulators 
for  Electric  Lamps.  2d.  July  20. 

Arc  L.\mp. — A “ thermoscopic  rod”  is  employed 
to  automatically  regulate  the  length  of  the  arc. 
The  lineal  expansion  of  the  rod,  according  to  the 
intensity  of  the  current,  is  multiplied  by  levers 
which  by  means  of  clamps  separate  the  carbons. 
A section  of  carbon  or  metal  of  low  conductivity  is 
combined  with  the  expansion  rod  “ whereby  the 
heat  due  to  resistance  is  rapidly  generated  and 
dissipated.”  A shunt  is  mentioned  for  dividing 
the  current  when  the  carbons  are  separated  to  a 
definite  point. 

3,025. — P.  Jensen,  Loudon.  (J/.  Avenarius, 
Kiev,  Kussia.)  Electric  Lighting.  Cd. 
(8  figs.)  July  22. 

Electric  Light. — This  invention  relates  to  a 
system  of  electric  lighting  in  which  a series  of 
lights  Cl  C2  Q,  (Fig.  1)  are  produced  by  a single 
alternate  current  generator  M,  voltameters  VjVjVj 
being  inserted  in  shunt  circuits  as  shown.  The 
electric  burners  C may  be  either  lamps  or  Jabloch- 
koff  candles.  One  form  of  voltameter  suitable  for 
this  purpose  is  shown  at  Fig.  2,  the  metal  plate  A 
forming  one  pole  of  the  instrument,  and  the  plate 
F the  other  pole.  The  plates  Fj  Fo  Fj,  &c.,  all 
fitting  closely  the  glass  cylinder  H,  are  spaced  upon 
a glass  rod  Ej,  forming  a continuation  of  the  metal 
rod  E.  The  polarisation  of  the  apparatus  is  deter- 
mined by  the  number  of  metallic  discs  F employed, 
and  its  I'esistance  by  the  distance  of  these  discs 
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apart,  and  by  the  distance  of  the  lowest  disc  from 
the  bottom.  Modifications  are  described  in  which 
the  discs  F are  placed  in  a vertical  position  to 
allow  of  the  escape  of  the  gases  from  the  acidu- 


lated water  upon  the  passing  of  the  current. 
Another  suitable  form  of  voltameter  is  repre- 
sented by  Figs.  3 and  4,  in  which  I and  K are 
glass  cylinders,  and  R a half-cylinder  of  glass 
capable  of  turning  upon  the  axis  U,  and  of  inter- 
posing any  portion  of  its  surface  between  the  metal 
plates  L P.  The  inner  plate  P and  the  outer  plate 
F'u  are  connected  together  by  the  metallic  strip  o. 

*3,041. — C.  G.  Gumpel,  London.  Producing 
and  Directing  Electric  Currents,  &c.  2d. 

July  24. 

Dynamo-Electric  GEXER-iTOK. — The  inventor 
“ concentrates  the  polarity  as  much  as  possible 
into  a narrow  field”  by  distributing  “an  even 
number,  preferably  not  less  than  four  of  such 
intensely  polar  fields,  uniformly  round  the  circum- 
ference of  the  cii'cle  in  which  the  armature  coils 
move,  the  polarity  of  these  fields  being  alternated.” 
The  armature  coils  are  wound  either  as  in  the 
Gramme  or  Siemens  generator,  and  may  be  con- 
nected in  any  desired  combination,  either  to  insu- 
lated rings  or  to  the  slips  of  a commutator.  When 
a ring  armature  is  used  the  ring  is  constructed  of 
several  parallel  “ tyi'es”  of  wood,  on  which  is  fixed 
a “ sheet  iron  casing”  or  “bars  of  iron  side  by  side, 
but  not  in  magnetic  contact  with  each  other.” 
The  wires  of  the  brushes  slide  freely  in  a casing, 
and  are  pressed  against  the  periphery  of  the  com- 
mutator by  a caoutchouc  spring.  When  thebrush 
has  to  extend  over  an  arc  of  the  periphery  thin 
plates  are  used,  placed  side  by  side,  and  tlieir  ends 
are  hollowed  to  conform  to  the  commutator  surface. 

Induction  Coils. — Instead  of  superposing  the 
secondary  eoil,  the  primary  and  secondary  wires 
are  wound  on  together. 


Electro  - Magnetic  Motor. — The  above -de- 
scribed generator  may  be  used  as  a motor  for  steer- 
ing gear,  in  which  case  a commutating  apparatus  is 
arranged  so  tliat  the  direction  of  the  currents  through 
the  field  magnets  shall  remain  constant  while  those 
through  the  armature  may  be  changed  at  will. 

3,310.  — E.  T.  Truman,  London.  Insulating 
Telegraph  Conductors,  &c.  4d.  August  7. 

Conductors. — The  principal  object  of  the  inven- 
tion is  to  make  the  stranding  and  covering  of  the 
wire  one  continuous  operation.  This  is  effected, 
in  combination  with  apparatus  describeil  in  former 
Specifications  No.  878  of  1870,  No.  482  of  1872, 
and  No.  124  of  1874,  by  a lay  plate  or  tube,  which 
is  caused  to  rotate,  and  the  strand,  finding  no 
stationary  point  until  it  has  passed  the  lay  plate, 
the  separate  wires  are  laid  and  covered  each  with 
its  compound.  Another  part  of  the  invention 
relates  to  a material  or  compound  with  which  the 
strand  is  coated  before  being  covered  with  gutta- 
percha, consisting  of  ozokerit,  10  parts  ; pitch, 
resin,  or  gutta-percha,  5 parts  ; Venice  turpentine, 
5 to  10  parts. 

*3,324.  — C.  G.  Gumpel,  London.  Electric 
Machines.  2d.  August  IG. 

Dynamo-Electric  Generator.^. — This  refers  to 
Siiecification  No.  3,041  of  1880,  and  describes 
various  ways  of  winding  an  armature  in  the  form  of 
a hollow  open-ended  shell  having  a shape  approach- 
ing that  of  an  ellipsoid.  The  ends  of  the  shell  are 
divided  by  projecting  fins  which  are  continued  as 
ribs  along  the  outer  surface  of  the  shell,  thus  form- 
ing a number  of  sections  for  the  receiition  of  the 
insulated  u ire.  Assuming  that  tliere  are  four  mag- 
netic fields,  then  the  number  of  divisions  is  a 
multiple  of  four  by  any  odd  number.  Three 
methods  of  winding  the  ivires  in  the  sections  are 
given.  The  currents  are  collected  by  an  ordinary 
commutator.  This  method  of  winding  is  applic 
able  to  motors. 

*3,416. — C.  H.  Frome  and  G.  C.  Gibbs,  London. 
Apparatus  for  Illuminating  and  Producing 
Theatrical  Effects.  2d.  August  23. 

Electric  Light.  — To  give  a flashing  scenic 
ellect,  tlie  ends  of  the  conductors  are  attached  at 
intervals  to  either  side  of  a rope  from  which  tliey 
are  insulated.  The  rope  is  stretched  across  the 
stage,  and  a small  carriage  provided  with  metal 
plates  completes  the  various  circuits  as  it  is  drawn 
over  the  rope.  The  lamps  are  made  of  glass 
cylinders  having  dill'erent  coloured  sections,  and 
may  be  secured  to  the  head  of  the  performer  in 
such  a manner  that  by  “pulling  a wire  or  string 
the  cylinder  may  be  turned.” 
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3,424.  — G.  Barker,  Binningliain.  (11^  IT. 
Jacque/),  Jhxloii,  jl/'ct.w.,  U.S.A.)  Electric 
Conductors,  &c.  4d.  August  24. 

Conductors. — These  are  coated  with  a composi- 
tion consisting  of  india-rubber  mixed  with  a ‘ ‘ pre- 
serving compound  ” composed  of  Venice  turpentine 
and  beeswax  in  about  ccpial  parts.  This  is  placed  in 
a vessel  arranged  to  be  heated  and  exhausted  of  air. 
When  at  about  80  deg.  Cent.,  the  rubber  is  added 
and  the  heat  raised  to  100  deg.  Cent.,  the  air  being 
gradually  exhausted.  The  air  is  now  admitted  and 
the  mass  allowed  to  cool  down  to  SO  deg.  Cent,  again. 
The  impregnated  rubber  is  now  mixed  on  warm  rolls 
with  sulphur  in  the  usual  way.  An  insulating  com- 
position composed  of  the  following  ingredients  may 
be  used  : Kubber,  30  parts  ; preserving  compound, 
7 parts  ; sulphur,  3 parts  ; oxide  of  zinc,  10  pai'ts  ; 
steatite,  10  parts  ; asphalte,  40  parts.  The  wires 
are  covered  with  the  composition  in  the  usual  way, 
and  are  finally  packed  in  powdered  soapstone  and 
vulcanised. 

*3,438. — A.  E.  Gilbert,  Edinburgh.  Securing 
Telegraph  Wires  to  their  Insulators.  2d. 
August  25. 

Insulators.  — This  comprises  a bow'-shaped 
fastener  or  clip  having  its  free  ends  hooked  or 
turned  round  so  as  to  grip  the  conductor  some 
inches  in  advance  of  and  beyond  the  insulator, 
and  to  pull  it  firmly  into  the  groove  on  one  side  by 
the  insertion  of  the  strong  hollow  central  breast 
of  the  clip  into  the  groove  of  the  insulator  on  the 
other  side,  the  curve  of  the  clip  being  such  as  to 
pull  or  slightly  bend  the  conductor  on  each  side  of 
the  insulator  towards  the  line  through  its  centre, 
so  that  the  straining  of  the  wire  automatically 
secures  it  and  its  clamp  within  the  groove  on  each 
opposite  side  of  the  insulator. 

3,494.  — St.  G.  L.  Fox,  London.  Electric 
Lamps,  &c.  6d.  (13  figs.)  August  28. 

Incandescence  Lamp. — This  refers  to  Specifica- 
tions Nos.  3,988,  4,043,  and  4,626,  all  of  1878.  In 
Fig.  1,  A is  the  globe,  a the  luminous  filament,  b a 
block  of  steatite,  c a pair  of  steel  clips  cemented 
to  a block  d of  porcelain  by  fused  borax  ; c e are 
platinum  wires  fused  into  glass  tubes  f f filled  with 
mercury  to  prevent  leakage  ; rj  is  an  india-rubber 
stopper  covered  with  a layer  of  mercury  i and  coated 
with  marine  glue  j.  The  filament  is  made  of  vul- 
canised fibre  which  has  been  baked  at  a white  heat. 
Several  pieces  of  fibre,  cut  to  the  shape  shown  in 
Fig.  2,  are  arranged  in  a spring  clip  K and  baked 
in  a crucible  (Fig.  3)  filled  with  powdered  charcoal. 
The  baked  strips  are  carbonised  by  treating  them 
at  a white  heat  in  benzole  vapour.  Fig.  4 shows 
the  apparatus  for  exhausting  the  lamps.  A glass 
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tube  B,  30  in.  long,  terminates  in  a bulb  C,  which 
has  a ground  neck  to  receive  at  times  the  lower 
end  of  a glass  rod  E.  This  neck  opens  into  another 


bulb  F above,  through  the  neck  G of  which  the 
glass  rod  also  passes  air-tight.  L L is  an  air  trap 
that  may  or  may  not  be  used.  In  operation  the 
vessel  K is  filled  with  mercury  when  in  a lowered 
position,  and  is  then  raised  to  such  a height  that 
while  it  becomes  nearly  empty,  the  mercury  rises 
into  the  two  bulbs  C and  F,  filling  the  same  up  to 
the  cup  H.  The  neck  G of  the  upper  bulb  is  then 
closed  l)y  the  rod  E,  the  neck  of  the  lower  one 
being  left  empty.  The  open  vessel  K,  which  is 
connected  by  a flexible  tube,  is  then  lowered  about 
36  in.  in  order  that  the  mercury  may  fall  well  below' 
the  point  where  the  tube  M communicates  with  the 
tube  B.  The  consequent  fall  of  mercury  in  the 
bulb  produces  a vacuum  which  is  filled  by  air  in 
the  lamp,  forcing  its  w'ay  througli  the  exhausting 
tube  h,  o,  N ^I.  The  open  vessel  is  then  again 
raised,  the  neck  G of  the  upper  bulb  being  opened 
to  allow  the  air  to  escape.  The  two  bulbs  C and  F 
again  become  filled  with  mercury,  the  neck  G of 
the  upper  is  again  closed,  the  open  vessel  lowered, 
and  so  on  until  the  lamp  is  almost  exhausted.  The 
pumping  action  is  then  modified,  so  as  to  exhaust 
the  last  traces  of  air. 

*3,496. — C.  W.  Harrison,  London.  Apparatus 
for  Obtaining  Electricity.  2d.  August  28. 

MagnEto-Electric  Generator.  — An  endless 
chain  of  bars  passes  through  a number  of  helices  of 
insulated  wire.  The  motion  of  the  bars  may  be 
vibratory  instead  of  continuous,  or  the  helices  may 
have  motion  imparted  to  them.  The  currents  may 
be  taken  from  each  coil  or  from  a group  or  groups 
of  them.  In  generators  producing  alternating  cur- 
rents, the  currents  are  passed  “through  one  or 
more  coils  of  conducting  material,  the  reacting 
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currents  of  which  coils  are  made  by  a suitable 
commutator  placed  on  the  axis  of  the  machine  to 
act  in  direction  with  the  initial  current.” 

*3,509.  — J.  Hopkinson,  London.  Electric 
Lamps.  2d.  August  30. 

Akc  L.\mp. — Each  or  either  carbon  electrode  is 
carried  by  the  piston  of  a hydraulic  cylinder,  the 
movement  of  wdiich  controls  the  advance  of  the 
cai'bons.  The  passage  of  fluid  into  or  from  the 
cylinder,  or  from  one  cylinder  to  the  other,  is  con- 
trolled by  an  electro-magnet  placed  either  in  the 
principal  circuit,  or  in  a shunt  circuit  of  high 
resistance.  A third  cylinder  communicating  with 
each  of  the  others  may  be  used  to  adjust  the  posi- 
tion of  the  arc.  A second  electro  magnet  placed 
either  in  the  main  or  a shunt  circuit  is  employed  to 
establish  the  arc. 

3,637. — P.  M.  Justice,  London.  [IT.  C.  SpaJd- 
iiKj,  Boston,  U.S.A.)  Lighting  Cities  by 
Electricity.  6d.  (5  figs.)  September  7. 

Electric  Light.  — The  inventor  proposes  to 
“ flood  the  atmosphere  with  light  irradiated  in 
many  directions”  by  electric  lights  situated  on  high 
towers  arranged  in  triangular  gi’oups,  and  each 
fitted  with  a reflecting  lantern. 

3,765. — E.  G.  Brewer,  London.  (7'.  A.  Edison, 
X(w  Jersey,  U.S.A.)  Electric  Lamps,  &c. 
Is.  2d.  (41  figs.)  September  16. 

Incandescexce  Lamp.s. — The  filaments  should 
have  a resistance  of  not  less  than  100  ohms,  and  are 
preferably  made  from  a single  fibre  of  “monkey 
bast.”  Several  filaments  are  bound  together  and 
soaked  in  a solution  of  sugar,  after  which  the 
wooden  clamps  for  attaching  them  to  the  conduct- 
ing wires  are  affixed,  and  the  whole  carbonised. 
The  platinum  wires  are  inserted  in  the  clamjis 
previous  to  the  carbonisation.  When  made  from 
bamboo  the  cane  is  split,  and  the  pith  removed  ; 
the  slips  are  then  passed  before  a knife,  which  cuts 
them  to  a uniform  thickness.  After  this  they  are 
placed  between  the  two  halves  of  a mould  which 
determines  their  shape  and  size,  the  projecting 
portions  of  the  slips  being  removed  with  a cutting 
instrument.  The  filaments  when  shaped  have 
enlarged  ends  for  attachment  to  the  conductim' 
wires.  In  making  the  filaments  of  w’ood,  a block 
is  shaped  to  the  form  of  a web  with  enlarged  ends 
from  which  slices  are  cut  off,  softened  by  moisture, 
and  bent  to  the  required  shape  ; or  the  block  may 
be  shaped  to  the  form  of  an  arch  before  the  slices 
are  detached  to  obviate  the  bending  process.  The 
carbonising  of  fibrous  filaments  is  done  in  a nickel 
box,  shaped  to  the  form  of  the  filaments.  The 
clamps  are  carbonised  in  vacuo  to  remove  occluded 
gases.  Wooil  filaments  with  enlarged  ends  are 


laid  in  a suitably  shaped  groove  formed  in  a metal 
plate,  a number  of  plates  are  placed  one  over  the 
other,  and  then  subjected  to  heat  in  a closed  nickel 
case.  Several  forms  of  plates  and  grooves  are 
described,  in  all  cases  the  length  of  the  groove 
being  such  as  to  allow  for  contraction  of  the 
material.  The  carbonising  stove  is  of  nickel,  pre- 
ferably in  two  parts,  and  gaseous  fuel  is  used.  To 
prevent  oxidation  of  the  filaments,  a pipe  con- 
ducts into  the  stove  an  oxygen-absorbing  element. 
Where  it  is  desired  to  use  lamps  of  lower  lighting 
power  than  the  standard  lamp,  they  are  placed  in 
a divided  circuit,  each  being  provided  with  a fila- 
ment of  proportionate  resistance  and  radiating 
power,  in  connection  with  a single  circuit  breaker 
to  insure]  their  turning  off  or  on  simultaneously. 
In  lamps  for  producing  large  lights,  and  where 
large  conductors  have  to  be  used,  the  filament  is 
jilaced  in  a Torricellian  vacuum  formed  at  the 
head  of  a U tube,  and  the  conductors  pass  through 
the  mercury.  This  lamp  is  siqiported  on  a frame 
provided  with  levelling  screws.  To  detect  any 
flaw  in  the  filaments,  they  are  sulijected  to  a pre- 
liminary heating  in  vacuo  in  a temporary  lamp. 
Where  it  is  desired  to  fit  the  lamps  with  double 
filaments,  the  inner  end  of  one  of  the  lamp  con- 
ductors fits  into  a Y shaped  clamp  ; one  end  of  a 
filament  is  fastened  in  each  limb  of  the  clamp,  the 
other  ends  being  fastened  in  individual  clamps,  each 
having  its  own  conductor.  A circuit-controlling 
device  is  so  constructed  that  the  circuit  through 
either  filament  may  be  closed,  or  both  may  be  on 
either  in  series  or  multiple  arc.  To  prevent  the  sepa- 
I’ation  of  the  glass  and  wire  at  the  point  where  the 
conductors  enter  the  globe,  a small  glass  bulb  is 
blown  of  slightly  larger  diameter  than  the  distance 
apart  of  the  conductors.  The  conductors  are  passed 
through  and  each  sealed  in  this  globe  at  two  places, 
which  is  then  placed  in  an  aperture  left  in  the 
larger,  and  sealed  thereto,  at  about  the  meridian 
line  of  the  smaller  globe.  Both  the  globe  and  bulb 
are  simultaneously  exhausted.  In  a lamp  which 
may  be  taken  apart,  the  filament  is  supported  upon 
a tube  closed  at  one  end,  the  conductors  passing 
through  the  tube  being  sealed  at  the  top  closed  end  ; 
the  enclosing  globe  is  made  with  a neck  somewhat 
larger  than  tlic  tube.  A rubber  packing  is  inter- 
posed between  the  outer  walls  of  the  tube  and  the 
inside  of  the  neck,  securing  the  two  together,  the 
end  of  the  tube  projecting  beyond  the  end  of  the 
neck,  and  passing  through  a rubber  cup,  the  base 
of  the  neck  resting  upon  the  bottom  of  the  interior 
of  the  cup.  A rubber  packing  fills  the  space  be- 
tween the  exterior  of  the  neck  and  the  interior  of 
the  cup.  The  space  in  the  cup  is  filled  with  mer- 
cury which  is  retained  in  place  by  the  rubber 
packing.  The  lamp  is  exhausted  and  sealed  in  the 
usual  manner. 
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*3,808.  — F.  G.  Willatt,  London.  Dynamo 
Machines.  2d.  Septemher  20. 

Dy.vamo-Elix'Tiuc  Gk.n'kkatok.  — Tliis  relates 
principally  to  an  armature  cast  in  one  solid  piece 
with  radiating  blades  narrowing  towards  the  centre. 
These  blades  are  wound  longitudinally  and  are 
made  to  revolve  between  the  north  and  south  poles 
of  a stationary  electro-magnet,  preferably  circular 
in  form  so  as  to  encompass  the  armature.  The 
blades  of  the  armature  are  arranged  right  and  left 
of  its  longitudinal  a.xis  on  the  centre  boss,  and  may 
be  wound  and  coupled  up  as  a whole  or  separately, 
the  commutator  being  of  the  ordinary  description. 

3,809. — J.  B.  Rogers,  London.  Dividing  and 
Subdividing  the  Electric  Current  for 
Lighting.  6d.  (11  figs.)  vSeptember  20. 

To  divide  a current  the  inventor  connects  the 
leading  wire  from  a dynamo-electric  generator  to 
the  apex  of  a metallic  cone  or  conoidal  body,  and 
leads  off  the  various  line  wires  from  points  in  the 
circumference  of  the  base.  To  intensify  a current 
he  couples  several  generators  to  the  circumference 
of  the  cone,  and  draus  one  powerful  current  from 
the  apex. 

3,832. — W.  Elmore,  London.  Dynamo-Electric 
Machines.  6d.  (8  figs.)  September  22. 

Dynamo-Electric  Gener.ator. — This  invention 
relates  principally  to  improvements  in  the  subject 
of  Letters  Patent  No.  3,565  of  1879,  -whereby  a 
more  thoi'ough  cooling  of  the  revolving  armature 
and  its  magnet  iseffected.  The  armature  cylinder, 
boss  or  disc,  and  its  magnet  cores,  are  constructed 
with  a continuous  internal  chamber  connected  u ith 
conduits  formed  in  the  shaft  as  shovi'n  in  Fig.  1,  so 
that  a constant  stream  of  -water  or  other  refrige- 
rating liquid  can  be  maintained  through  them.  A 
special  commutator  is  also  provided  allowing  a 


greater  facility  of  connection,  and  avoiding  the 
secretion  of  metallic  dust  under  the  brushes. 
A metal  barrel  piece  is  mounted  on,  and  insulated 
from,  the  shaft  and  runs  in  an  insulated  bearing. 
The  barrel  carries  on  its  inner  end  terminals  to  which 
the  ends  of  half  the  armature  coils  are  attached. 
The  outer  end  forms  half  the  sections  of  the  com- 


mutator which  stand  away  from  the  shaft,  and  are 
secured  thereto  by  insulated  nuts,  and  divided 
from  the  remaining  half  of  the  sections,  which  are 
connected  through  the  shaft  to  the  coil.s  on  the 
other  half  of  the  commutator.  Tlie  whole  is  held 
in  place  by  a lock  nut.  The  air  circulates  in  the 
recesses  formed  between  the  shaft  and  the  commu- 
tator slips.  King  connectors  l(i  and  17,  Fig.  2, 
are  employed  for  joining  up  the  wires  from  the 
stationary  magnets  to  the  brushes  and  terminals 
of  the  machine. 

3,880. — P.  Jensen,  London.  (T.  A.  EdUon, 
Nnv  Jeiv)’i/,  U.S.A.)  Systems  of  Con- 
ductors for  the  Distribution  of  Electricity, 
&c.  Od.  (20  figs.)  September  24. 

Disteibitting  Currents. — The  patentee  states 
that  when  many  lamps  or  motors  are  arranged  upon 
the  multiple  arc  system  it  is  essential  that  an  equal 
electromotive  force  be  maintained  in  all  parts  of 
the  system.  When,  however,  each  set  of  conductors 
is  run  out  from  the  central  station  in  a straight 
circuit  containing  a number  of  lamps,  the  electro- 
motive force  is  apt  to  be  the  greatest  near  the 
station,  and  to  diminish  gradually  tou-ards  the 
end  of  the  conductors.  The  object  of  this  inven- 
tion is  to  obviate  such  irregularity  by  using  the 
conductors  as  feeding  conductors  only,  and  by 
placing  the  lamps  on  service  circuits  connected  to 
the  main  conductor  in  such  a way  that  all  the  lamps 
are  electrically  equidistant  from  the  source  of  the 
current.  When  only  a few  lamps  near  the  central 
station  are  used  they  are  placed  upon  a direct 
circuit  therefrom  with  sufficient  resistance  to 
equalise  the  electromotive  force  to  that  of  the 
more  distant  circuits.  Separate  feeders  are  laid  to 
buildings  using  a number  of  lights.  Earth  may  be 
used  as  half  of  the  circuit.  Where  there  are 
several  central  stations  the  feeding  circuits  of  all 
the  stations  are  connected.  One  method  of  laying 
the  conductors  consists  in  placing  each  service  set 
(positive  and  negative)  in  squares  around  a central 
station,  and  having  feeding  circuits  connected  to 
each  set  at  several  points  ; the  service  sets  being 
connected  together.  In  another  method  the  posi- 
tive feeding  conductor  is  connected  to  the  service 
conductor  on  the  side  of  the  scpiare  opposite  to  that 
at  which  the  negative  is  connected,  so  that  the  same 
mass  of  conductor  intervenes  between  the  terminals 
of  all  the  house  circuits. 

Conductors. — Where  a conductor  varying  in 
sectional  ai'ea  is  used  it  is  preferably  composed  of 
several  single  uninsulated  wires  of  different  lengths, 
a few  of  which  extend  the  -whole  length,  the  others 
ending  at  various  points.  These  are  bound  together 
at  intervals.  Where  the  current  is  used  for  power 
as  well  as  light,  two  branch  circuits  run  from  the 
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mains  into  the  house,  and  a meter  placed  in  each 
enables  tlie  currents  to  be  cliarged  for  at  different 
rates. 

3,894. — P.  Jensen,  London.  [T.  A.  Edison,  New 
Jersey,  U.S.A.)  Electro  - Magnetic  Rail- 
roads, &c.  Is.  Cd.  (.36  figs.)  September  2.5. 

Tr.\n.smission  OF  Power. — This  invention  consists 
in  a complete  electro-magnetic  railway  system  em- 
bracing the  generation,  distribution,  and  utilisation 
of  electric  currents  for  motive  power.  Fig.  1 shows 
the  general  arrangement  of  a central  station  and 
the  rail  connections.  M T,  M T',  and  M are 
the  main  rails.  A portion  M T of  sufficient  length 
to  accommodate  one  or  more  trains  is  electrically 
separated  form  the  remainder  of  the  sections,  each 
section  having  its  central  station.  The  parts  M T^ 


and  M Tn  are  movable,  so  as  to  constitute  switches 
by  which  trains  may  be  shunted  on  to  the  siding 
S W.  The  motors  S M serve  to  pull  over  the  points. 
Fig.  2 is  a perspective  view  of  a motor  car.  The  rails 
form  the  conductors,  contact  being  made  between 
them  and  tlie  motor  by  means  of  brushes.  The 
motion  is  conveyed  from  the  armature  spindle  to 
the  driving  wheels  by  means  of  frictional  or  toothed 
gearing.  Two  magnets,  one  of  wliich  is  shown  at 
E M,  exert  an  attractive  force  upon  the  rails,  and 
thereby  increase  the  grip  of  the  driving  wheels. 
The  motor,  of  any  ordinary  construction,  may  be 
fitted  with  a central  gripping  wheel,  which  is 


thrown  into  gear  when  ascending  an  incline,  or 
“ creepers  ” may  be  used  consisting  of  a casing 
fitted  with  eccentrically  pivotted  rollers,  which 
allow  the  casing  to  slide  along  the  rail,  but  prevent 
retrograde  movement  by  gripping  the  rail.  The 
“ creepers  ” are  so  geared  to  the  motor  as  to  draw 
the  carriage  forward.  An  electrometer  in  the 
circuit  gives  indication  of  the  position  of  a train  on 
the  section.  Electro-magnets  are  used  as  brakes. 
Each  car  is  fitted  with  collecting  brushes  so  as 
to  make  a contact  with  the  rails  in  many  places, 
and  conductors,  running  the  whole  length  of  the 
train,  convey  the  current  to  the  commutators. 
When  it  is  desired  to  use  the  rails  of  an  ordinary 
railroad  they  are  insulated  from  the  sleepers  by 
suitable  means.  All  the  devices  using  current  are 
arranged  in  multiple  arc,  the  rails  forming  the 
main  conductors.  Incandescence  lamps  are  used 
for  lighting  the  carriages  and  for  head  lamps.  The 
specification  contains  seven  sheets  of  drawdngs  and 
thirty-four  claims,  and  is  too  long  for  condensation 
within  our  limits. 

3,928. — W.  R.  Lake,  London.  [E.  Thompson, 
New  Britain,  Conn.,  U.S.A.)  Apparatus  for 
Generating  and  Utilising  Electricity.  8d. 
(16  figs.)  September  28. 

Dyn.\mo-Elec'TRIC  GEXER.iTOR.^ — The  object  of 
this  invention  is  to  increase  the  effective  power 
of  magneto  and  dynamo-electric  generators,  and 
to  provide  an  armature  for  the  latter,  the  mag- 
netising effect  upon  which  shall  not  be  limited 
to  the  point  of  magnetic  saturation  of  the  field 
magnets,  but  shall  be  further  reinforced  by  the 
direct  action  upon  the  iron  core  of  the  said 
armature,  and  the  insulated  wire  surrounding  the 
same,  of  the  currents  traversing  the  whole  of  the 
fiehl  magnet  coils,  which  coils  are  made  to  enclose 


and  surround  the  revolving  armature,  so  that  the 
iron  core  of  the  armature  becomes  practically  a 
movable  extension  of  the  field  magnets  themselves. 
The  field  magnets  N are  cylindrical  in  form  and  the 
ends  II  are  hemispherical,  in  ordcrjto  embrace  the 
armature,  which  is  spherical.  Rings  of  metal  arc 
proviilcd  to  keep  the  coils,  which  project  beyond 
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tlic  polc-picces,  in  place.  Figs.  2,  .1,  ami  4 show 
how  the  armature  is  built  up  of  two  metal  plates 
ami  coils  of  iron  wire  previously  to  the  insulated 
wire  l)cing  wrapped  round  it,  the  dotted  line  in 
Fig.  3 showing  the  ultimate  outline.  The  coils 
may  be  wound  and  coupled  up  as  recpiired,  but  a 
'special  arrangement  for  preserving  unifonnity  of 
outline  consists  in  winding  three  coils  of  insulated 
wire  intersecting  one  another,  at  the  axis,  at  angles 
of  about  60  deg.  One  half  of  one  coil  is  wound  on, 
then  one  half  of  the  second  coil,  then  the  whole  of 
the  third  coil  is  wound  on  ; next  the  remaining 
half  of  the  seeond  eoil,  and  finally  the  remaining 
half  of  the  first  coil.  The  commutator  consists  of 
two  flanges  fixed  on  the  shaft  with  a segmental 
ring  mounted  between  them.  Each  segment  is 
provided  with  two  rods  which  pass  through,  but  are 
insulated  from,  holes  in  the  flanges.  The  segments 
are  mounted  at  some  distance  from  the  flanges,  and 
their  inner  diameter  is  larger  than  the  shaft,  thus 
providing  an  air  space.  The  insulated  wires  from 
the  armature  coils  pass  through  the  shaft,  and  are 
connected  to  the  ends  of  one  of  tlie  rods  of  each 
segment.  The  gap  between  any  two  segments  is 
preferably  made  oblicpiely. 

3,936. — J.  W.  Fletcher,  Stockport.  Shackle 
and  Terminal  Insulators  for  Telegraph 
Wires.  6d.  (20  figs. ) September  28. 

IxsuLATOES. — This  insulator  consists  of  a cylinder 
of  earthenware  around  the  outside  of  which  one 
or  more  grooves  are  formed  to  receive  the  tele- 
graph wires,  which  may  be  held  in  place  by  straps  or 
other  suitable  means.  The  cylinder  is  pierced  with  a 
central  hole  to  allow  the  supporting  bolt  to  pass,  and 
two  annular  recesses  are  made  within  the  cylinder, 
one  on  each  side.  The  specification  gives  various 
modified  forms  to  meet  special  circumstances,  all 
of  which  are  similar  to  the  figure,  and  consist 
essentially  of  two  No.  8 insulators  joined  head  to 
head.  The  upper  cup  may  be  provided  with  a 
mushroom  head. 

3,964. — P.  Jensen,  Loudon.  (T.  A.  Edison,  Xeio 
Jersey,  U.S.A.)  Magneto  - Electric  Ma- 
chines, &c.  lOd.  (11  figs.)  September  30. 

Dyxamo-Electeic  Generators. — The  first  part 
of  this  invention  relates  to  the  mode  of  holding 
the  commutator  brushes,  which  is  clearly  shown  in 
the  accompanying  illustrations.  To  maintain  a 
uniform  speed  the  engine,  provided  with  a governor 
and  automatic  variable  cut-off,  is  connected  direct 
to  the  axle  of  the  armature,  preferably  by  a ci’ank- 
pin  on  a balanced  disc.  ‘ ‘ Generators  of  very 

great  capacity”  are  constructed  with  a series  of 
field  magnets,  fixed  together  with  the  engine 
on  a self-contained  base-plate  fitted  with  non- 
magnetic supports  as  shown  in  Fig.  4,  the  arma- 


ture being  proportioned  to  act  as  a flywheel.  To 
maintain  a uniform  electromotive  force  a small 


auxiliai-y  generator  is  used  to  excite  the  field 
magnets. 

Motors. — The  current  is  regulated  by  arrang- 
ing that  the  eircuit  is  broken  at  every  revolu- 
tion of  the  governor.  Connected  with  the  ball 
arms,  so  as  to  be  moved  thereby,  is  a sleeve 
composed  of  an  insulating  and  a conducting  por- 
tion, their  line  of  union  being  a diagonal,  which  if 
developed  would  be  V shaped.  A spring  bears  on 
the  sleeve,  and  the  circuit  to  the  motor  passes 
through  the  spring  and  sleeve  ; thus  the  circuit  is 
broken  at  regular  intervals,  the  motor  running  by 
momentum  until  the  circuit  is  again  completed. 
In  communicating  power  from  the  motor  to  the 
driven  mechanism,  the  rotary  motion  of  the  arma- 
ture is  first  converted  into  an  oscillatory  motion, 
and  then  into  a continuous  rotary  motion  by  pawl 
friction  gear.  When  it  is  desired  to  generate  cur- 
rents of  very  high  potential,  and  to  use  small  main 
conductors,  “a  battery”  of  separate  and  distinct 
generators,  having  all  their  armatures  mounted  on 
one  shaft,  and  connected  up  in  series,  is  used. 
Motors  are  arranged  in  the  same  w'ay.  Where  a 
slow  speed  water-wheel  is  the  source  of  power  for 
driving  generators, it  is  employed  to  pump  water  to 
a height,  and  the  water  is  then  used  to  drive  a cjuick- 
speed  wheel  geared  direct  to  the  “ battery.”  The 
field  magnets  of  the  “battery”  of  motors  are  arranged 
as  a shunt,  and  are  excited  by  a portion  only  of  the 
current.  To  enable  any  coil  to  be  removed  from 
the  armature  singly,  only  that  portion  of  the  coil 
which  is  upon  the  operative  face  is  made  of  wire, 
tiie  wires  of  the  coil  being  connected  at  the  end 
by  metallic  plates  fastened  to  an  insulating  base. 
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and  insulated  from  each  other.  These  plates 
project  at  the  jiroper  points  above  tlie  general  sur- 
face of  the  core,  at  whicli  points  the  wires  are 
secured  to  them.  At  one  end  each  plate  is  con- 
nected to  the  commutator  block. 

■*3,971. — A.  M.  Clark,  London.  (.1.  Xiaudet, 
and  E.  lii-yiiier,  Paris).  Dynamo-Electric 
Machines,  &c.  lOd.  (2'2  figs.)  September  30. 

Dyx.\mo  - Electric  Gexerator.s.  — The  fixed 
electro-magnets  are  in  line  with  the  axis  of  rota- 
tion of  the  coils.  The  ends  of  the  cores  of  the 
coils  are  connected  by  thin  circles  of  iron  ; or  a 
thin  iron  ring  may  be  placed  on  tlie  poles  of  the  j 

fixed  magnets.  The  rotating  coils  may  be  parallel 
or  radial  to  their  axis  of  rotation.  The  commu- 
tator may  lie  constructed  of  radial  bars  witli 
intei'vening  spaces,  against  the  ends  of  which 
springs  bear,  or  of  metallic  segments  fixed  on  a 
disc  of  wood.  The  fixed  electro-magnets  may  be 
either  in  the  main  circuit  or  in  a derivation  there- 
from. 

4,005. — E.  G.  Brewer,  London.  (A.  J.  B.  Cancr, 
Paris).  Electric  Machines.  Gd.  (11  figs.) 
October  2. 

Dyxamo-Electkic  Gexeeator. — This  refers  to 
Specification  No.  1,927  of  1878,  and  consists  essen- 
tially of  one  or  several  induction  crowns  or  rings, 
formed  of  bobbins  “horizontally  independent,” 
and  placed  circularly  on  a support  in  the  form  of 
a wheel  mounted  on  the  shaft  of  the  generator. 
Whilst  rotating,  the  poles  of  the  induced  bobbins 
pass  successively  before  the  poles  of  a certain 
number  of  “inducting  or  conducting”  bobbins, 
placed  two  and  two  on  the  same  diameter  of  the 
apparatus,  preferably  four  bobbins  placed  two 
and  two  on  the  same  vertical  diameter.  Tliese 
generators  give  at  will  continuous  or  alternate 
currents.  To  obtain  continuous  currents  the  wires 
of  the  induced  system  are  arranged  in  such  manner 
as  to  collect  by  means  of  a four-part  “ collector,” 
the  currents  developed  in  the  system,  and  to  make 
them  pass  through  the  inducing  system.  To  ob- 


tain alternate  currents,  an  electric  current  coming 
from  an  intermediate  source  is  caused  to  pass  in 
the  field  magnets,  and  by  means  of  two  rubbers 
bearing  on  insulated  rings  the  currents  developed 
in  the  induced  system  are  collected.  Fig.  1 illus- 


I trates  the  coupling  of  the  induction  bobbins.  Figs.  2 
and  3 show  the  bronze  inductor  carrierfor  support- 
ing the  induction  crowns,  and  Fig.  4 is  a longi- 
i tudinal  section  of  the  shaft  and  collector.  Flach 
end  plate  A carries  four  bobbins  C C,  between 
which  the  induced  bobbins  fixed  on  the  discs  (Figs. 

I 2 and  3)  rotate.  The  free  poles  of  the  magnets 
C C are  united  by  a “ magnetic  crown,”  as  shown, 
to  intensify  their  action.  The  induced  bobbins  are 
arranged  in  two  concentric  circles,  of  which  those 
of  the  first  row  lie  in  the  recesses  shown  in  the 
peripliery  of  the  disc,  and  those  of  the  second  row 
between  those  of  the  first  row.  Every  alternate 
bobbin  in  each  circle  is  of  opposite  polarity  and  the 
magnetic  poles  of  the  field  magnets  “ are  opposite.” 
Fig.  4 shows  how  tlie  wires  are  led  from  the  bobbins 
to  the  “ collector.” 

4,007, — G.  Zanni,  London.  Magneto-Electric 
Apparatus  for  Railway  Signalling.  6d. 
(4  figs. ) October  2. 

Magneto-Electric  Gexer.ator. — The  generator 
described  in  Patent  No.  4,232  of  1877  is  used  to 
j operate  railway  signals. 

I 

! 4,009. — J.  G.  Lorrain,  Edinburgh.  (G.  Trouvd, 

Paris).  Obtaining  and  Applying  Motive 
Power,  &c.  6d.  (7  figs.)  October  2. 

Motors. — This  relates  to  electro-motors,  and 
consists  of  a Siemens  armature  revolving  in  the 
magnetic  field  of  an  electro-magnet.  To  avoid  the 
dead  point  or  “angle  of  indift’erence  to  motion,” 
which  in  machines  where  the  armature  revolves 
concentrically  with  the  magnets,  amounts,  it  is 
stated,  to  nearly  2o  deg.,  tlie  polar  surfaces  of  the 
armature,  or  preferably  of  the  magnets  within 
which  the  armature  revolves,  are  made  eccentric 
to  the  axis  of  rotation,  and  are  by  preference 
either  oval  or  volute.  The  arrangement  may  be 
applied  to  generators. 

4,049.. — A.  W.  L.  Reddie,  London.  (.4.  Biloret 
and  C.  Mora,  Paris).  Electric  Machines. 
Gd.  (4  figs.)  Octobers. 

Dynamo-Electric  Gexer.vtor. — This  consists  of 
a wheel  on  a horizontal  shaft  carrying  a number 
of  bobbins  of  insulated  wire  retained  between  iron 
cheeks.  This  part  of  the  arrangement  is  somewhat 
similar  to  a Siemens  alternate  current  machine. 
The  field  m.agnets  are  four  vertical  coils  with  iron 
cores  and  polar  extensions  carried  out  towards  the 
bobbins  on  the  rotating  wheel.  It  is  stated  that 
“ by  this  invention  the  induced  current  is  passed 
round  all  the  poles  of  the  field  magnets  at  once, 
and  a current  from  each  pole  where  the  n ire  of  that 
pole  comes  out  can  be  utilised.”  The  commutator 
is  of  the  ordinary  type  and  rotary  metallic  wire 
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brushes  are  useil.  The  result  is  that  a Gramme  or 
a Siemens  macliine  coiistructccl  thus  could  burn 
four  lights  at  once. 

4,081.— W.  R.  Lake,  London.  (*4.  Lemnire  and 
E.  Lchnu),  I^aris.)  Electrical  Signal  Appa- 
ratus for  Railways.  Od.  (7  figs.)  October  7. 

SwiTCiiE.s. — Two  switches  are  described,  one  an 
ordinary  two-way  switch  and  the  otlier  a push, 
wliich  in  its  normal  position  maintains  contact 
with  one  line,  and  when  depressed  completes  a 
second  circuit. 

4,191.  — G.  P.  Harding,  London.  Electric 
Lamps.  Gd.  (11  figs.)  October  15. 

Arc  L.^mps. — The  illustration  shows  the  mecha- 
nism of  a non-focussing  lamp.  The  electro-magnets 
a a are  upon  a shunt  circuit,  and  when  excited 
attract  the  armature  h,  connected  to  the  eccentrics 
c c.  Assuming  the  parts  to  be  in  the  positions 
shown,  with  the  upper  carbon  out  of  contact  with 
the  lower  one,  the  first  effect  of  a current  is  to  cause 
the  armature  b to  be  attracted  by  the  electro-mag- 
nets, in  opposition  to  springs,  and  by  its  motion  to 


rotate  the  eccentrics  d d,  thereby  allov  ing  the 
upper  carbon  to  fall  on  to  the  lower  one.  Ly  this 
means  a part  of  the  current  is  diverted  from  the 
coils  and  tlieir  armature  recedes,  consequently 
the  upper  electrode  is  again  gripped  and  slightly 
raised  to  establish  the  arc.  In  a modification 
the  upper  carbon  or  carbon-holder  is  sustained 
between  fingers  or  tongs  held  together  by  springs. 
A lamp  is  also  described,  having  converging  car- 
bons which  are  pressed  outwards  by  springs, 
against  fixed  stops  acting  as  brakes.  The  arc  is 
formed  by  the  magnets  closing  the  points  of  the 
carbons  together,  and  releasing  them  on  tlie  passage 
of  current.  An  airtomatic  shunt  is  used,  consisting 
of  two  electro-magnets  and  an  armature,  whicli  on 
the  extinction  of  the  lamp  makes  contact  with  a 
“butting  screw,”  and  shunts  the  current  tlirougli 
an  iron  wire  resistance. 

4,192. — G.  P.  Harding,  London.  Electric 

Lamps  for  Locomotive  Engines.  4d. 

October  15. 

Electric  Liciit. — One  or  more  lamps  “of  any 


convenient  construction”  are  placed  on  the  front 
of  the  locomotive  to  illuminate  the  track,  ami  they 
are  so  arranged  that  each  lamp  illuminates  a definite 
portion  of  tlie  road.  Tlie  generator  is  driven  eitlier 
by  a small  auxiliary  engine  or  direct  from  the  loco- 
motive axle. 

*4,220. — H.  G.  Hosmer,  Rome.  Apparatus  for 
Obtaining  Motive  Power.  2d.  October  16. 

Magneto-Electric  Motor. — This  refers  to 
Specification  No.  3,670  of  1878,  and  consists  of  a 
ring  carrying  vertical  permanent  magnets,  elec 
tro-magnets  being  mounted  on  a horizontal  axis 
“placed  centrally  of  the  ring.”  “A  current  of 
eleetricity  will  be  generated  in  the  coils  of  the 
armatures  as  the  latter  come  opposite  the  magnets, 
wliich  will  have  the  effect  of  magnetising  the  arma- 
tures, and  thus  converting  them  for  the  moment 
into  electro-magnets.” 

*4,227. — A.  Budenberg,  Manchester.  (C.  F. 
Bitdenbcri/  and  B.  A.  Schaffer,  Buckau).  Ap- 
paratus for  Preventing  Explosions  in  Coal 
M ines,  &c.  4d.  October  16. 

Commutator. — A cylinder  provided  uith  con- 
tact studs  completes  in  succession  the  circuit  through 
a number  of  spirals  of  fine  platinum  wire  placed 
in  various  parts  of  the  mine  to  explode  the  gases 
liberated. 

4,254. — W.  A.  Benson,  London.  Apparatus 
for  the  Distribution  of  Artificial  Light.  4d. 
(3  figs.)  October  19. 

Reflectors. — The  direct  rays  are  screened  from 
the  room  by  a saucer-like  reflector,  which  deflects 
them  upwards  on  to  a second  reflector,  by  whicli 
they  are  diffused  as  required. 

4,265. — W.  R.  Lake,  London.  {C.  A.  Ilnaseyand 
,4.  S.  Dodd,  F'eio  York,  U.S.A.)  Dynamo- 
Electric  Machines.  6d.  (7  figs.)  October 
19. 

Lvnamo-Electric  Generator. — The  object  of 
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the  invention  is  to  produce  a compact,  powerful, 
and  effective  generator.  Eeferring  to  the  illustra- 
tion, A A are  the  field  magnets  which  may  be  formed 
either  as  a ring  or  a cylinder.  They  have  polar 
extensions  C C partly  surrounding  the  rotating 
armature,  which  is  of  the  section  shown  and  is  pro- 
vided with  air  passages  h,  h,  h.  It  may  be  wound 
and  coupled  up  in  various  ways,  as  in  the  Siemens 
or  Gramme  armature,  or  the  coils  may  surround 
each  of  the  ribs  h h.  The  commutator  is  of  the 
ordinary  type. 

4,391. — P.  Jensen,  London.  (T.  A.  Edison, 
N(‘w  Jersey,  U.S.A.)  Measuring  the 
Amount  of  Electrical  Current  Flowing 
through  a Circuit.  6d.  (2  figs.)  October 

27. 

CuRREXT  Meter. — In  this  apparatus  the  indica- 
tions are  obtained  by  using  balanced  plates  in  a 
depositing  cell,  so  arranged  that  the  deposition 
of  metal  upon  one  plate  causes  an  overbalancing, 
which  operates  registering  devices  and  also  con- 
trivances for  reversing  the  circuit  through  the  cell. 
The  plan  of  operation  is  as  follows  : The  current  is 


flowing  from  plate  C to  C^,  and  as  metal  is  de- 
posited upon  Cj  it  gradually  overbalances  C and 
brings  the  arm  d,  fitted  with  an  adjustable  weight 
to  determine  the  excess  of  weight  of  one  jilate  over 
the  other,  against  screw  q,  whereupon  the  circuit 
through  magnet  coil  E'  is  closed.  E'  attracts  arm 
E and  operates  the  register.  The  upper  portion  of 
arm  F strikes  the  horseshoe-shaped  lever  I),  caus- 
ing it  to  break  circuit  at  I,  and  carrying  it  over 
against  the  stop  /h  At  the  same  time  the  arm  <j 
is  carried  in  the  reverse  direction,  leaving  stop 
which  thereupon  comes  in  contact  with  stop  e,  from 
which  the  arm  y earrics  the  stop/.  The  current  is 
then  free  to  pass  through  the  cell  in  the  opposite 
direction,  when  a similar  cycle  of  operations  is 
performed. 


4,393. — W.  R.  Lake,  London.  (II.  S.  Maxim, 
Brooklyn,  New  York,  U.S.A.)  Electric 
Lighting  Apparatus.  6d.  (16  figs.)  Oc- 
tober 27. 

IxCANDESCENCE  Lamp. — The  object  of  this  in- 
vention is  to  so  construct  the  globe  and  other 
parts  of  the  lamp  that  a conductor  of  any  required 
resistance  may  be  used,  and  that  the  lamp  may  be 
readily  taken  apart  for  the  insertion  of  a new  fila- 
ment, and  yet  be  air-tight.  For  this  purpose  the 
globe  is  made  with  a neck  sufficiently  wide  to 
admit  the  filament.  This  neck  is  fitted  with  a 
glass  stopper  ground  into  its  place  and  serving  as 
an  entrance  for  the  conductors,  which  in  the  case  of 
powerful  currents  are  divided  into  several  branches 
and  are  fused  into  the  glass.  The  lamp  may  be 
exhausted  by  making  the  stopper  tubular  and 
fitting  on  the  top  of  the  tube  a glass  cap  with  a 
ground  joint.  The  cap  has  a tubular  branch  on  its 
side,  for  attachment  to  the  air  j)ump,  whose  open- 
ing corresponds  with  an  opening  in  the  side  of  the 
stopper,  so  that  as  the  cap  is  turned  round  it  acts 
as  a valve.  The  space  above  the  stopper  is  filled 
with  gum  or  wax. 

*4,408. — G.  W.  von  Nawrocki,  Berlin.  (IF.  S. 

Limbeck,  Lanycndreer,  Germany).  Photo- 
meters. 2d.  October  28. 

PiiOTO.METER. — The  lay  of  light  is  thrown  on  to 
a plate  of  selenium,  the  altered  electrical  resist- 
ance of  the  latter  becoming  a measure  of  the  light. 

*4,428. — J.  H.  Johnson,  Loudon.  (A.  Berjot, 
Paris.)  Electric  Lamps.  4d.  October  29. 

Arc  Lamp. — “The  essential  part  of  the  appa- 
ratus is  composed  of  a parallelogram”  having  two 
horizontal  bars,  carrying  the  mechanism  for  actua- 
ting the  carbons,  joined  to  two  vertical  bars  by 
blade  springs.  The  upper  carbon  is  fed  down  by  a 
rack  controlled  by  four  wheels  and  pinions,  which 
in  turn  are  controlled  and  the  arc  formed  by  an 
electro-magnet  placed  in  the  lamp  circuit.  The 
current  is  automatically  switched  to  a fresh  pair  of 
carbons  by  a pivotted  lever  provided  at  one  end 
with  a tooth  which  engages  with  the  rack  of  the 
carbons  to  be  next  consumed.  The  other  smooth 
end  of  the  lever  falls  into  a recess  on  the  top  of  the 
rack  of  the  burning  carbons,  and  thus  frees  the 
second  rod.  Stops  are  used  to  regulate  the  travel 
of  the  racks.  A spring  liridges  across  the  lamp 
terminals  on  the  consumption  of  the  last  pair  of 
carbons.  The  loss  of  weight  of  each  carbon  is 
compensated  for  by  a l)all  of  lead  on  the  end 
of  a horizontal  lever  suitalfly  pivotted  and  resting 
at  one  extremity  on  a bracket  attached  to  the 
stationary  part  of  the  parallelogram.  'I'hc  descent 
of  each  rack  draws  a lever  down  and  the  ball  falls 
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on  to  the  movable  part  of  the  parallelogram.  The 
earbon-holders  consist  of  copper  cylinders  fitted 
with  internal  springs. 

4,482. — E.  George  and  J.  B.  Morgan,  Liver- 
pool. Cables  for  Telephones.  6d.  (6  figs.) 
November  3. 

Conductors. — The  inventors  propose  to  elimi- 
nate induction  currents  in  wires  suspended  near 
each  other  by  insulating  the  separate  wires  and 
connecting  the  outsides  of  the  coatings  to  earth 
at  frequent  intervals. 

4,495.— W.  R.  Lake,  London.  (J.  V.  Nichols, 
Brooklyn,  New  York,  U.S.A.)  Electric 
Lighting  Apparatus.  fid.  (1  fig.)  No- 
vember 3. 

Incande.scence  Lamp. — This  is  an  incandescence 


lamp  with  conductor  A of  high  resistance  enclosed 


by  a glass  globe  B in  which  a vacuum  has  been 
formed.  Copper  conducting  wires  C are  used  in- 
stead of  platinum  Mire,  and  the  novelty  of  the 
invention  consists  chiefly  in  the  material  and 
method  emi^loyed  for  securing  these  conductors 
to  the  base  of  the  lamp.  That  part  of  the  globe 
immediately  surrounding  the  wires  is  formed 
of  a “ metallo- vitreous”  cement  made  by  mixing 
various  metallic  substances  with  silica  and  potash, 
as,  for  example,  in  the  following  proportions  : 
oxide  of  lead  58  parts,  silica  17  parts,  oxide  of  iron 
10  parts,  oxide  of  copper  10  parts,  and  potash  or 
soda  5 parts. 

4,608. — C.  F,  Heinrichs,  London.  Generat- 
ing, Sub-Dividing,  and  T ransmitting  Elec- 
tric Currents,  &c.  Is.  2d.  (45  figs.)  No- 
vember 9. 

Dynamo-Electric  Generator. — This  invention 
relates  to  improvements  on  Patents  No.  4,595  of 
1878  and  No.  4,589  of  1879.  The  illustration  shows 
the  generator  in  cross  section.  The  armature,  of 
annular  form,  is  wound  -with  D shaped  helices  of 
insulated  wire  forming  a closed  circuit.  On  the 
shaft  s is  keyed  the  boss  a a,  carrying  the  arma- 
ture core  constructed  by  coiling  upon  the  thin 
cast-iron  shell  r r,  of  [J  section,  a quantity  of  soft 
iron  wire.  The  armature  revolves  within  the  pole- 
pieces  of  the  electro-magnets  w' m-,  &c.,  excited 
by  the  rectangular  coils  w'  ?«’,  forming  part  of 
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the  main  circuit.  A commutator,  the  segments  of 
■vvliich  arc  preferably  arranged  obliquely,  and 
brushes  of  the  ordinary  type  are  used.  The  ring 
is  attaclied  to  the  boss  by  brass  loops,  of  which 
tu  o arc  shown  marked  rt'  a'*  n^.  These  loops 
pass  over  the  iron  wire  core,  and  their  ends  are 
secured  by  screws  to  the  boss  a a,  so  as  to  form 
ventilating  openings.  Several  modified  forms  of 
armature  ring  are  shown,  the  coils  of  which  may 
be  coupled  up  to  form  one  or  many  independent 
circuits,  in  the  latter  case  a pair  of  brushes  being 
provided  for  each  circuit.  The  exciting  magnets 
may  be  permanent  steel  ones.  Each  commutator 
plate  may  consist  of  two  parts  insulated  from  each 
other,  having  a wire  of  high  resistance  interposed 
between  them  to  prevent  interruption  of  the 
current  when  several  sets  of  brushes  are  used. 


Akc  L.vmp. — This  is  a lamp  for  burning  carbons 


of  circular  form,  llefcrring  to  the  figures,  it  will  be 
seen  that  tlie  upper  po.sitive  pair  of  carbon-holders 


a-  are  pivotted  at  the  points  s'  and  s-  to  two 
small  eq>ial-sized  pinions  jA  p",  shown  in  detail  in 
Fig.  2,  by  which  the  swing  of  the  arms  a'  a-  is 
rendered  equal  on  each  side  of  the  vertical  axis 
of  the  lamp.  A similar  method  of  pivotting  is 
adapted  to  the  lower  carbon-holder  arms  cv'  a*. 
The  geared  pivots  of  the  upper  pair  are  attached 
to  the  rod  f suspended  from  the  long  aim  of  the 
bell-crank  lever  I,  of  whieh  the  short  arm  is  the 
armature  e of  an  electro-magnet  M,  which  on 
the  passage  of  current  attracts  the  armature  f, 
lifting  the  rod /',  and  with  it  the  upper  carbons, 
and  thus  establishing  the  arc.  To  prevent  a jerking 
movement  a small  rack  forming  part  of  the  rod  f 
gears  with  the  pinion  on  which  is  a toothed 
wheel  w',  against  which  presses  a click  spring  s'*. 
The  lower  carbons  are  in  electrical  connection 
with  the  frame  h',  'which,  while  insulated  from  the 
case  of  the  lamp  and  positive  terminal  I-  by  the 
ebonite  washer  /,  is  connected  to  the  negative 
terminal  P.  A coil  of  German  silver  wire  R R, 
having  a resistance  equal  to  the  arc,  is  substituted 
for  the  latter  by  means  of  a projecting  pin  p'  on 
the  rod  f,  which,  when  the  rod  drops,  brings  the 
spring  .s-*^  against  the  contact  screw  c'*,  which  is 
connected  to  h',  and  by  the  wire  h,  to  the  negative 
terminal.  The  pinions  p-  are  rigidly  attached 
to  the  radial  arms  a'  a',  turning  on  the  pins 
s’  S-,  fixed  to  opposite  sides  of  the  frame.  In  a 
modification,  motion  is  communicated  to  the  two 
carbons  by  racks  gearing  with  pinions  having 
their  fulcrums  in  brackets  depending  and  insulated 
from  the  lamp.  The  racks  gear  at  their  upper 
ends  with  a pinion  controlled  by  an  electro- 
magnet, actuating  by  its  armature  a pawl  engag- 
ing with  teeth  on  the  periphery  of  the  pinion.  A 
second  electro-magnet,  placed  in  another  circuit, 
disengages  the  pawl  and  permits  the  carbons  to 
approach  each  other  at  jiredetermined  intervals.  A 
block  of  fireclay  may  be  placed  above  the  carbon 
points  as  a rellector.  In  a further  modification  the 
carbons,  fitted  with  projecting  pins  near  their  lower 
ends,  are  placed  within  spirals  contained  in  tubes, 
which  spirals  are  rotated  by  clockwork  and  suitable 
gearing,  the  pins  sliding  in  grooves  in  the  tubes. 
The  top  ends  of  the  carbons  press  against  platinum 
points  arranged  on  levers,  causing  the  lower  ends 
of  the  levers  to  grip  the  carbon.  The  grij  pers  also 
insure  contact  with  the  electrodes.  The  arrange- 
ment of  the  spiral  and  slotted  tube  is  also  applied 
to  a semi-incandescence  lamp  in  which  the  carbon 
rod  is  propelled  against  a block  of  refractory 
material.  The  circular  carbons  arc  made  by  com- 
pressing the  material  in  horizontal  dies. 

4,614.— C.  W.  Siemens,  London.  Electric 
Lamps,  (id.  (1!  figs.)  November  10. 

Arc  L.vmp.— Referring  to  the  illustration,  the 
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core  H of  a high  resistance  solenoid  coil  K,  situated 
upon  a shunt  circuit,  is  balanced  by  a small  spring 
and  surmounted  by  a cup  in  which  shot  is  placed 
for  regulation.  To  the  core  are  attached  rods  K L, 
supported  at  their  other  extremities  in  angular  beds 
k'  I,  and  fitted  with  ratchet  teeth,  which  ordinarily 
stand  just  clear  of  the  ratchet  wheels  CD  upon  the 
axes  of  the  carbon  feed  rollers  a h.  In  operation, 
as  the  distance  increases  between  the  carbons  A 
and  B,  the  resistance  to  the  direct  circuit  of  the 
lamp  is  augmented,  and  consequently  a larger  por- 
tion of  the  current  passes  through  the  shunt 
circuit  of  the  solenoid  coil ; the  core  H is  thus 
attracted  upwards,  and  by  its  ascent  draws  up  the 
two  bars  K and  L.  These,  as  they  retire  from 
their  rests  h and  I,  bear  against  the  ratchet  wheels 


C and  D,  and  partly  turn  them  round  in  the  direc- 
tion of  the  arrows,  thus  causing  the  carbons  to 
approach  each  other.  Should  the  carbons  be  too 
near,  the  solenoid  will  have  little  power,  and  de- 
scending will  move  the  tappet  lever  N,  raising  the 
bar  M,  and  reversing  the  motion  of  the  feed  roller 
B.  The  lamp  is  focussed  by  the  carbon  A being 
fed  rather  faster  than  the  carbon  B,  and  being  pro- 
vided with  an  abutment  stop  P.  When  either 
carbon  is  consumed  the  upper  feed  roller  drops  and 
short-circuits  the  current  through  the  contact 
screw  R or  Q.  The  same  arrangement  may  be 
applied  to  vertical  or  inclined  carbons  provided 
with  suitable  counterweights.  A method  of  making 
the  carbon  supply  continuous  consists  in  forming 
the  pencils  with  male  and  female  ends  that  can  be 
joined  by  cement  and  a wire  pin. 

4,621. — E.  G.  Brewer,  London.  (E.  II.  Johnson 
and  T.  A.  Edison,  Xew  Jersey,  U.S.A.) 
Magneto-Electric  Signal  Apparatus.  Cd. 
(5  figs.)  November  10. 

Magneto-Electric  Generator. — To  enable  the 


cxxxiii 

generator  to  be  cut  out  of  circuit  when  not  in  use, 
the  handle  is  connected  to  the  shaft  by  a pin  taking 
into  a slot  with  inclined  faces,  and  the  first  effect 
of  rotating  the  handle  is  to  slide  it  endways  on  the 
shaft  and  break  a shunt  circuit.  A commutator  is 
provided  for  sending  either  continuous  or  inter- 
mittent currents  according  as  the  generator  revolves 
in  one  direction  or  the  other.  This  is  accomplished 
by  providing  the  commutator  with  two  surfaces  so 
arranged  that  when  turnii  g one  way  a collecting 
spring  is  in  contact  with  one  of  them,  and  when 
turning  the  opposite  way  the  spring  is  in  contact 
with  the  other  surface. 

*4,674.  — R.  Kendal,  London.  Telegraph 
Cables.  2d.  November  13. 

Conductor.?. — To  protect  cables  against  “ boring 
marine  animals”  the  core  has  helically  wound 
around  it  a ribbon  of  sheet  zinc,  a second  similar 
ribbon  being  wound  on  over  the  first  in  the  reverse 
direction. 

*4,745. — J.  E.  H.  Gordon,  Dorking.  Electric 
Lamps.  2d.  November  17. 

Incandescence  Lamps. — When  incandescent 
iridium  is  the  source  of  light  a current  of  air  is 
passed  through  the  lamp,  and  carried  through  a 
passage  in  which  the  iridium  dissipated  by  the  heat 
is  condensed. 

4,755. — J.  A.  Berly  and  D.  Huleft,  London. 
Electric  Lamps,  &c.  6d.  (10  figs.)  No- 

vember 18. 

Lanterns. — To  enable  the  lamp  to  be  drawn  up 
and  down,  it  is  suspended  to  a gallery  attached  to 
the  lower  end  of  a rod,  down  either  side  of  which 
the  insulated  conductoi's  are  brought  to  the  lamp 
terminals,  the  rod  and  gallery  being  attached  to  an 
arm  and  counterweighted.  The  upper  end  of  the 
rod  has  a block  of  insulating  material  fitted  to 
slide  in  a tube  provided  with  insulated  contact 
slips  extending  nearly  to  the  bottom  of  it.  Spring 
contact  pieces,  projecting  from  the  ends  of  the 
conductors,  and  embedded  in  the  block,  complete 
the  circuit.  In  a modification,  the  lamp  terminals 
are  connected  to  the  lower  ends  of  two  vertical 
tubes,  containing  mercury,  carried  on  an  arm  and 
counterweight.  The  conductors  are  attached  to  an 
insulating  block  and  dip  into  the  mercury  tubes. 

4,779. — F.  Harmant,  Paris.  Electro-Magnetic 
Apparatus  for  Table  Services,  Offices, 
and  Warehouses.  4d.  (3  figs.)  November 
19. 

M.agneto-Electric  Motor. — A small  electro- 
magnetic motor  of  ordinary  construction  is  used  in 
connection  with  a current  carrj-ing  railway  for 
domestic  and  other  use. 
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*4,825. — C.  Kesseler,  Berlin.  [E.  Ktihlo,  Stettin). 
Dynamo-Electric  Motors.  4<1.  November 
0.1 

Magneto-Electric  Motor. — This  consists  of 
three  electro-magnets  arranged  around  a wheel 
upon  which  are  placed,  preferably,  eleven  arma- 
tures or  keepers.  A commutator  directs  the  cur- 
rent into  the  electro-magnets  alternately,  so  as  to 
maintain  a continual  attraction  on  the  armatures  in 
one  direction. 

4,833. — E.  H.  T.  Liveing,  London.  Apparatus 
for  Detecting  and  Measuring  Small 
Quantities  of  Inflammable  Gas  in  Coal 
Mines,  &c.  6d.  (6  figs.)  November ‘22. 

Magneto-Electric  Generator. — A “ magneto- 
electrical machine”  is  used  in  conjunction  with 
platinum  spirals  to  indicate  the  presence  of  gases. 
To  prevent  sparking,  one  end  of  the  armature  coil 
is  connected  to  its  core,  the  bearings  being  used 
as  one  terminal.  The  other  end  of  the  coil  termi- 
nates in  a stout  insulated  wire  passing  through 
the  hollow  shaft ; the  end  of  this  wire  is  brought 
to  a smooth  rounded  point,  and  presses  against  a 
polished  steel  spring  forming  the  other  terminal. 

*4,851. — H.  Law,  London.  Current  Meters.  2d. 
November  23. 

Current  Meter. — The  meter  is  so  constructed 
that  the  “axle  which  is  put  into  motion  by  the 
current,  imparts  its  motion  to  a vertical  axle 
enclosed  in  a tube  closed  at  its  upper  extremity.” 
The  axle  is  carried  to  the  upper  part  of  the  tube, 
and  ‘ ‘ at  one  point  in  its  revolution  it  completes 
an  electric  circuit  which  gives  a signal  to  the 
observer.” 

4,866. — W.  R.  Lake,  London.  (II.  S.  Maxim, 
Ih'ooldyn,  U.S.A.)  Electric  Lighting  Appa- 
ratus. Cd.  (6  figs.)  November  23. 

Arc  Lamp. — The  upper  carbon  descends  by 
gravity  driving  a train  of  gearing  combined  witli 
an  electro-magnet  and  armature  lever  operating  a 
detent  connected  with  the  gearing,  and  also  a 
carrier  for  the  lower  carbon  movable  vertically  and 
connected  with  the  armature  lever.  A dash-pot 
fixed  to  the  armature  or  core  of  the  electro-magnet, 
and  surrounding  its  head,  controls  the  action  of  the 
magnet.  Thin  flat  supports  are  used  for  the  carrier 
and  globe,  placed  edge  to  edge  upon  the  same  side 
of,  and  in  the  same  vertical  plane  with,  the  focus. 
The  illustration  shows  a vertical  section  of  the 
lamp.  A is  a wood  case,  C a thin  flat  bar  of  metal 
supporting  the  globe,  and  moving  freely  up  and 
down  in  slots  in  the  arms  ««;  D the  upper  carbon 
carrier,  E the  lower  carbon  carrier.  The  two  sides 
(Id  are  held  together  by  the  screw  h ; G is  a flat 


bar  supporting  lower  carbon  carrier ; H is  a link 
pivotted  to  bars  F and  G ; .J  the  armature  lever  ; 
L the  axial  magnet  placed  in  the  lamp  circuit ; N 
an  adjusting  screw  for  limiting  the  movement  of  the 
core  ; 0 a train  of  gearing  ; and  Q a rod  passing 


through  the  lower  carbon  carrier  and  suspended  by 
the  spring  R.  The  operation  of  the  lamp  is  as  fol- 
lows : The  forked  head  W is  drawn  down  and  turned 
until  its  legs  stand  upon  the  lower  surface  of  the 
lower  carrier  E,  when  the  spring  R raises  the  bar  G 
and  lever  .J  until  the  detent  w clears  the  escapement 
wheel.  The  upper  carbon  carrier  then  descends  by 
its  own  weight  until  the  carbon  points  come  in  con- 
tact, when  the  current  excites  the  coilL  and  draws 
down  its  core  M,  at  the  same  time  depressing  the 
low'er  carbon  and  arresting  the  descent  of  the  upper 
carbon.  When  the  arc  lengthens  the  coil  L be- 
comes too  weak  to  overcome  the  tension  of  the 
spring  R,  so  that  the  lower  carbon  is  gradually 
raised  and  the  detent  m withdrawn,  allowing  the 
upper  carbon  to  descend  until  equilibrium  is  again 
restored.  The  length  of  the  arc  is  regulated  by 
adjusting  the  tension  spring  R,  and  the  lamp  may 
be  stopped  by  turning  the  head  screw'  W until  it 
straddles  the  lower  carrier  E,  when  the  spring  V, 
obtaining  a bearing  point  against  the  case  A at  the 
shoulder  x,  overcomes  the  tension  of  spring  R,  and 
keeps  the  low'cr  carbon  depressed. 

4,886.  — J.  Hopkinson  and  A.  Muirhead, 

London.  Dyn  amo-Electric  Machines.  8d. 

(10  figs.)  November  2-1. 

Dvnamo  - Electric  Generator. — To  decrease 
the  sparks  between  the  collecting  brush  and  the 
commutator  the  brush  is  divided  into  parts,  and 
resistance  is  interposed  bctw'een  the  part  that  is 
last  in  contact  with  the  commutator,  and  the 
loading  wire  or  conductor.  The  rotating  armature 
consists  of  a pulley,  on  the  peripliery  of  which  is 
coiled  a series  of  layers  of  sheet  iron  insulated 
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from  each  other.  On  one  or  both  faces  of  the  ring 
thus  formed,  radial  slots  arc  cut  to  admit  coils  of 
insulated  wire,  which  lie  in  planes  parallel  to  the 
plane  of  revolution.  When  a continuous  current 
is  required,  coils  are  placed  on  both  faces  of  the 
armature,  and  are  arranged  alternately  so  that 
when  one  coil  is  at  its  dead  point  those  next  to  it 
on  the  opposite  face  are  producing  their  maximum 
effect.  The  field  magnets  are  made  in  a similar 
manner  to  the  armature,  but  preferably  with  solid 
wrouglit-iron  core-pieces.  Both  in  the  armature 
and  the  magnets  each  coil  is  packed  close  to  its 
neighbour,  and  is  of  a tapered  quadrilateral  form. 

4,914. — W.  Lloyd  Wise,  London.  (./.  A.  Man- 
don,  Paris).  Electric  Light  Apparatus. 
8d.  (3  figs.)  Xovember  25. 

Akc  L.\mp. — In  the  lamp  shown  in  the  illustra- 
tion there  are  two  carbons,  each  foimed  like 
a quadrant,  and  balanced  to  turn  freely  round 
a centre  of  rotation  with  a counterweight  and  a 
curved  tube  L containing  mercurj',  and  receiv- 
ing a float  J attached  to  a stem  I,  such  float 
and  stem  being  so  formed  that  as  the  carbons 


waste  the  float  and  stem  rise  a proportionate  dis- 
tance through  the  mercury,  whereby  the  arc  is 
maintained  at  one  point.  A lamp  is  also  described 
having  straight  carbons  rising  out  of  inclined  tubes 
of  mercury,  and  meeting  at  a point  where  they 
are  guided  by  friction  rollers  carried  by  arms 
jointed  to  an  insulated  axis  having  a horizontal 
armature  and  counterweight.  An  electro-magnet, 
placed  in  the  lamp  circuit,  attracts  the  armature 
and  separates  the  electrodes. 

4,933.  — J.  W.  Swan,  Newcastle  - on  - Tyne. 
Electric  Lamps,  fid.  (4  figs.)  November  27. 

Incandescence  Lamp.s. — The  filament  is  formed 
from  cotton  thread,  soaked  in  a solution  of  sul- 
phuric acid,  and  carbonised  in  the  usual  way. 
The  ends  of  the  filament  are  thickened  where 
they  are  held  by  the  platinum  clamps  by  wrap- 
pings of  cotton  thread  which  are  fixed  by  the 
action  of  the  acid.  The  lamp  is  built  up  as  de- 
scribed in  Patent  No.  250  of  18S0. 


*4,952. — A.  M.  Clark,  London.  {J.  Gamier, 
Paris.)  Furnaces  for  Metallurgy  of 
Copper,  &c.  2d.  November  27. 

CoNDUCTOE.s. — To  improve  the  conduotibilitj'  of 
the  copper  “ the  last  trace  of  oxygen”  is  elimi- 
nated by  adding  phosjfliides  of  copper  to  the  mass 
while  in  a furnace  lined  with  a basic  lining.  To 
prevent  the  galvanic  action  which  is  usually  set 
up  in  copper  sheathing,  phosphorus  is  added,  but 
not  sufficient  to  effect  its  malleability. 

4,988. — K.  W.  Hedges,  London.  Electric 
Lamps,  fid.  (13  figs.)  November  30. 

Arc  Lamps. — This  refers  to  Patents  Nos.  SI  and 
925  of  1879,  and  consists  in  using  two  positive 
and  one  negative  electrode,  and  a refractory 
aljutment.  In  this  lamp  two  rectangular  troughs 
are  attached  to  the  supports,  and  are  inclined 
to  each  other  in  V form  ; two  of  the  carbons 
slide  freely  in  these  troughs,  and  meet  at  a point 
below.  The  carbon  carrier  is  rigidly  attached  to 
the  framing  of  the  lamp,  the  trough  carrying  the 
negativ'e  carbon  being  pivotted  to  the  frame,  and 
its  motion  controlled  by  the  armature  of  an  electro- 
magnet placed  in  the  lamp  circuit.  The  passage  of 
the  current  attracts  the  armature,  thus  separating 
the  carbons  and  establisliing  the  arc.  The  main 
positive  carbon  is  prevented  from  sliding  through 
the  trough  by  the  pressure  of  the  smaller  carbon 
sliding  in  a trough  so  placed  that  the  point  of 
contact  is  sufficiently  near  the  arc  to  insure  the 
gradual  consumption  of  the  smaller  carbon.  The 
negative  carbon-holder  is  provided  with  an  adjust- 
able platinum  stop,  which  presses  against  the  carbon 
and  controls  its  feed.  Electrical  contact  is  made 
by  providing  each  carbon-holder  with  a contact 
piece  hinged  to  the  trough  at  its  upper  end,  and 
carrying  at  its  lower  end  a brass  block  grooved  out 
to  fit  the  cylindrical  carbon  against  which  it  presses. 
The  length  of  the  arc  is  determined  l)y  a screw  con- 
trolling the  movement  of  the  armature.  In  a modi- 
fied foi  m of  the  lamp,  designed  for  burning  in  series 
with  others,  the  carbons  are  separated  by  a solenoid 
having  its  core  attached  (by  a non-magnetic  con- 
nection) to  the  armature  of  an  electro-magnet,  the 
high  resistance  coils  of  which  form  a shunt  acr’oss 
the  arc,  and  are  so  disposed  with  respect  to  the 
armature  as  to  influence  it  in  an  opposite  direc- 
tion to  that  of  the  solenoid.  When  the  circuit  is 
completed  the  carbons  are  drawn  apart  by  the 
solenoid,  the  distance  to  which  they  are  separated 
being  determined  by  the  difference  of  attractive 
force  on  the  armature  of  the  solenoid  and  magnet. 
The  descent  of  the  carbons  and  electrical  contact 
therewith  is  as  described  in  the  first  lamp.  When 
alternating  currents  are  employed,  only  one  positive 
carbon  is  used. 

Semi-Incaniie.scence  Lamp. — The  carbon  de- 
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scends  against  the  periphery  of  a chisel-edged 
metal  disc,  and  is  pressed  on  laterally  by  a bent 
lever  loaded  with  an  adjustable  weight.  The  cover 
of  the  lamp  is  provided  with  a safety  valve  in  case 
of  explosion  of  combustible  gas  produced  within 
the  glass.  Such  explosions  may  generally  be  pre- 
vented by  introducing  into  the  lamp  glass  a little 
ammonia  or  other  volatile  substance. 

5,004.  — J.  W.  Swan,  Newcastle  - on  - Tyne. 
Measuring  and  Recording  Electric  Cur- 
rents, &c.  Cd.  (2  figs.)  December  1. 

Current  Meter. — The  apparatus  produces  a 
record  of  the  time  during  which  the  current  has 
passed,  by  means  of  counting  mechanism  brought 
into  action  by,  and  during  the  passage  of,  the 
current.  Each  translating  device  requires  a sepa- 
rate apparatus,  but  several  can  be  arranged  in  one 
case,  as  in  the  illustration,  where  it  will  be  seen 
that  a cylinder  A,  rotating  at  an  uniform  rate,  is 
provided  with  pegs  a a,  whicli,  each  time  they 


meet  the  sway  lever  C,  cause  it  to  rotate  the  wheel 
c,  one  tooth  thus  actuating  the  counting  mechanism. 
Wlien  no  current  is  passing  the  sway  lever  is  held 
out  of  gear  with  the  wheel  c by  a spring  acting  on 
the  shorter  end  of  the  'pivotted  armature  H. 
When  the  current  passes  in  any  giv^en  circuit  the 
electro-magnet  G of  that  circuit  attracts  its  arma- 
ture H and  lowers  its  sway  lever  into  gear  with 
the  toothed  wheel  belonging  to  its  particular  set 
of  counting  mechanism. 

*5,008.  — H.  Wilde,  Manchester.  Electro- 
Magnetic  Induction  Machines.  2d.  De- 
cember 1. 

Dynamo  - Electric  Generator.  — To  avoid 
counter  currents  the  discs  in  w hich  the  armatures 
are  mounted  are  slit  in  a radial  direction  towards 
the  centre.  The  armatures  are  also  similarly  slit 
and  are  fixed  in  the  discs  in  such  a position  that 
he  slit 3 coincide.  The  ends  of  the  electro- 
magnets arc  terminate  1 by  overlapping  pole- 
pitces  which  are  also  slit. 


5,014.  — J.  W.  Swan,  Newcastle  - on  - Tyne. 
Electric  Lamps.  Cd.  (18  figs.)  December  2. 

Incandescence  Lamps.  — The  filaments  are 
formed  from  cotton  threads,  treated  with  sul- 
phuric acid,  and  carbonised  by  heat  in  a crucible 
containing  powdered  carbon.  The  ends  are 
thickened  by  wrapping  of  bibulous  paper,  muslin, 
or  other  material  susceptible  of  being  parch - 
mentised.  The  lamp,  w hich  may  contain  two  or 
more  filaments,  is  constructed  in  the  ordinary 
manner,  the  conducting  wires  being  coated  as 
described  in  Patent  No.  2o0  of  1880. 

*5,033. — J.  H.  Johnson,  London.  (A.  il>‘. 
Mcritens,  Paris).  Electric  Lamps.  2il. 
December  3. 

Incandescence  Lamp. — Currents  of  high  poten- 
tial are  discharged  across  the  space  between  two 
iron  balls,  mounted  on  the  ends  of  platinum  con- 
ductors and  enclosed  in  an  exhausted  chamber. 
The  balls  gradually  become  incandescent,  but  are 
protected  from  oxidation  by  the  nitric  and  hypo- 
nitric  acids  formed  under  the  influence  of  the 
sparks. 

5,137. — W.  T.  Henley,  Plaistow,  Essex.  Electric 
Machinery  and  Apparatus  for  the  Produc- 
tion of  Light  and  Heat,  &c.  2s.  8d.  (45  figs.) 
December  9. 

M.ygneto-Electric  Gener.ytor. — A wheel  carry- 
ing permanent  magnets  revolves  between  two  sets 
of  electro-magnets  having  their  poles  placed  inter- 
mediate between  each  other,  Referring  to  the 
illustration  it  will  be  seen  that  the  base-plate 
carries  the  cast-iron  standards  A A,  to  which  the 
electro-magnets  a a,  h h,  having  their  cores  formed 
of  w'l’ought-iron  oval  tubes  filled  with  soft  iron 
wdre,  are  bolted.  The  brass  wheel  C,  fixed  on  the 


shaft  D,  carries  six  pieces  of  soft  iron  c'  c',  which  as 
they  revolve  bring  the  magnets  on  one  standaril 
alternately  in  magnetic  connection  with  the  magnets 
on  the  other  standard.  The  electro- m.aguets  are 
wound  so  as  to  be  alternately  N.  and  S.,  and  the 
ends  of  the  coils  are  carried  to  a commutator,  from 
which  the  currents  are  collected  in  the  ordinary 
way. 

Dyna.mo-Electric  Generators. — The  pieces  of 
soft  iron  carried  by  the  brass  wheel  may  be  wound 
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so  as  to  form  electro-magnets.  The  commutator 
and  winding  is  arranged  so  that  the  fixed  electro- 
magnets have  similar  poles  opposite  each  other  ; or 
the  currents  may  alternate  in  the  fixed  magnets. 
The  wheel  may  have  attached  to  its  periphery  two 
semicircular  pieces  of  iron  provided  with  indenta- 
tions for  the  reception  of  the  coils.  Two  or  more 
wheels  may  be  mounted  on  tlie  same  shaft,  so  as  to 
revolve  between  the  upright  magnets,  which  are 
made  to  move  in  slides  by  means  of  nuts  engaging 
on  a bar  provided  with  a right-handed  screw  on 
one  half  and  a left-handed  screw  on  the  other  half. 
The  electro-magnets  may  be  excited  by  the  current 
from  a voltaic  battery.  The  field  magnets,  arranged 
parallel  to  the  shaft,  may  be  mounted  with  their 
outer  ends  surrounding  the  peripheries  of  the 
armatures  when  two  are  mounted  on  one  shaft. 
The  field  magnets  may  be  arranged  vertically 
around  a circular  base,  the  induced  magnets  being 
car  ried  by  and  depending  from  a connecting  ring 
keyed  on  a vertical  shaft  driven  by  bevel  gearing. 
The  shaft  carries  two  commutators,  each  mounted 
on  a separate  brass  bush,  and  insulated  therefrom. 
The  second  commutator  is  replaced  by  metallic 
rings  should  alternating  currents  be  required  for 
the  outside  circuit.  The  currents  are  collected  by 
brass  springs.  In  wdnding  the  electro-magnets, 
small  wire  is  used  and  wound  in  separate  layers 
all  in  one  direction,  the  starting  ends  being  all 
connected  together  at  one  end,  and  the  terminals 
at  the  otlier  end.  The  commutator  consists  of 
metal  rods  moved  in  a vertical  direction  by  cams 
on  the  shaft,  terminating  in  forks  which  dip  into 
vessels  of  mercury  through  which  the  circuit 
connections  are  made.  Each  fork  has  a long  and 
short  leg,  the  contact  being  made  and  broken  by 
the  short  leg.  The  inventor  states  : “In  convey- 
ing the  current  from  electro-magnets  on  a re- 
volving shaft,  I propose  to  use  an  insulated  metal 
disc  turned  thin  at  the  edge,  revolving  in  a cup  of 
mercury  on  a pillar  insxrlated  from  the  base  of  the 
machine.”  A modification  consists  of  a brass  bush 
adjustable  on  tlie  shaft,  and  carrying  two  insulated 
copper  rings  provided  with  inwardly  projecting 
pieces,  the  pieces  of  one  ring  projecting  into  the 
spaces  of  the  other  without  touching.  The  eurrents 
are  collected  by  copper  springs. 

Electro-Magnetic  Motor. — By  connecting  the 
coils  on  one  of  the  armatures  with  the  field  magnets 
in  such  a way  that  the  current  shall  flow  in  one 
direction  in  the  armature,  and  by  means  of  a com- 
mutator be  alternately  reversed  in  the  field  magnets, 
this  part  of  the  generator,  on  the  passage  of  current 
from  a voltaic  battery,  becomes  a motor,  capable  of 
driving  another  current  producing  armature,  wound 
to  produce  high  tension  currents. 

Arc  Lamps. — Two  discs  of  carbon  are  inclined  to- 
wards each  other,  and  are  carried  on  spindles  fitted 


in  the  upper  ends  of  jointed  levers.  A disc  of  insu- 
lating material,  which  burns  away  equally  with 
the  earbons,  is  mounted  on  a horizontal  axis  and 
rotates  by  clockwork.  The  carbon  discs  receive 
their  motion  by  being  pressed  against  the  rotating 
disc  by  springs.  Cone  pulleys  are  provided  to  com- 
pensate for  decreased  speed  of  the  disc  peripheries. 
An  electro-magnet,  placed  in  the  main  or  a shunt 
circuit,  on  the  passage  of  eurrent  attracts  its  anna  - 
ture,  and  forces  up  the  insulating  dise,  thus  sepa- 
rating the  carbons  and  establishing  the  arc.  On 
the  cuirent  failing  the  disc  drops  and  allows  the 
carbons  to  come  together,  a small  arm  at  the  same 
time  checking  the  clockwork.  The  current  passes 
to  the  discs  through  mercury  cups,  into  which  dip 
small  discs  mounted  on  the  spindles.  In  a modifi- 
cation the  carbons  are  mounted  on  axes  parallel 
to  each  other,  the  disc  of  insulating  material  being 
pressed  against  their  peripheries.  The  disc  is 
pressed  up  by  a cam  driven  by  the  clockwork  em- 
ployed also  to  rotate  the  disc.  In  a further  modifica- 
tion two  discs  of  carbon  are  rotated  by  clockwork, 
and  are  drawn  together  by  a spring  in  opposition 
to  a cam  driven  by  the  clockwork,  which  controls 
their  rate  of  approach.  The  arc  is  formed  by  an 
electro-magnet  placed  in  the  main  circuit.  Carbon 
rods  may  be  substituted  for  the  carbon  discs,  and 
fed  up  by  clockw’ork  against  an  insulated  disc.  An 
electro-magnet  serves  to  separate  tlie  carbons  and 
form  the  arc,  and  “a  coil  and  permanent  magnet 
suspended  to  retard  the  train  should  the  pencils  be 
fed  forward  too  fast”  is  used. 

Incandescence  Lamp. — The  open  end  of  the 
glass  globe  is  cemented  into  a metal  collar  formed 
with  a flange  and  screw'ed  to  receive  a metal  cup 
having  a flange  and  india-rubber  washer  ; “ there  is 
a valve  and  stop-cock  to  attach  to  a syringe  or  air 
pump  for  the  purpose  of  exhausting  the  air  when 
necessary,  and  tliis  may  be  done  every  night  before 
lighting.”  Two  brass  pillars  pass  through  an  ebonite 
block  fixed  in  the  metal  collar,  and  serve  as  the 
conductors  to  a cross  piece  of  refractory  material. 

5,211. — P.  Adie,  London.  Lighting  Mines.  2d. 
December  13. 

Incandescence  Lamps. — The  lamps  are  so  con- 
nected to  the  leading  wires  that  the  fracture  of  the 
filament  breaks  the  circuit.  (Provisional  protec- 
tion not  allowed). 

5,237.— W.  T.  Glover  and  G.  F.  James,  Salford. 
Machinery  for  Braiding,  Lapping,  or 
Covering  Telegraph  Wires,  Crinoline 
Steel,  Engine  Packings,  &c.  Cd.  (3  figs.) 
December  14. 

Conductors. — To  avoid  injury  to  the  finished 
conducter,  the  core  is  pushed  by  the  feeding  rollers 
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into  the  machine  instead  of  being  drawn  through 
by  the  part  that  is  completed. 

5,268. — A.  W.  L.  Reddie,  London.  (/.  Amiri, 
Paris.)  Transmitting  Drawings,  Cha- 
racters, and  Writing  by  Electricity,  &c. 
6d.  (7  figs.)  December  15. 

Conductors. — These  consist  of  a band  of  compo- 
site web,  formed  by  grouping  a number  of  metallic 
conducting  wires,  which  are  insulated  from  each 
other  by  a weft  of  textile  material,  the  warp  threads 
being  the  conductors  themselves.  The  web  so 
formed  may  be  used  for  the  brushes  of  generators. 

*5,275. — D.  G.  Fitz  Gerald,  Trixton.  Electric 
Lighting,  &c.  2d.  December  16. 

Incande.scencf,  Lamp.s. — The  filament  is  formed 
of  carbonised  vegetable  substance  and  is  sur- 
rounded by  an  atmosphere  of  hydro-carbon,  or  other 
vapour.  The  ends  of  the  filaments  are  enlarged 
with  any  suitable  metal  by  electro-deposition,  ex- 
tended if  desirable  over  the  wdiole  surface  of  the 
conductor.  When  a metallic  filament  is  emplo3’ed 
it  is  embedded  in  an  infusible  substance. 

5,352. — S.  Pitt,  Sutton.  (O.  Lvcjo,  New  Yorl, 
U.S.A.)  Dynamo  - Electric  Telegraphy. 
8d.  (4  figs.)  December  21. 

Dynamo-Electric  Generator. — A continuous 
current  generator  is  used  and  is  so  arranged  that 
the  resistance  of  a portion  Of  the  outside  circuit 
is  approximately  ecpial  to  that  of  the  generator, 
and  the  exterior  circuit  being  kept  practically  con- 
stant in  resistance  by  means  of  a rheostat,  com- 


posed of  a bar  divided  into  sections  and  connected 
by  plugs,  which  sections  are  connected  to  resistance 
coils. 

*5,358. — F.  M.  Lyte,  London.  Protecting  Iron 
and  Steel  Ships  from  Corrosion,  2d. 
December  21. 

Dynamo-Electric  Generator. — The  negative 
pole  is  connected  to  the  parts  to  be  protected 
while  the  positive  pole  is  immersed  in  the  electro- 
lytic solution,  in  this  case  the  sea  water. 

5,404. — M.  C.  and  T.  J.  Denne,  Redhill, 
Surrey.  Locking  and  Unlocking  Railway 
Signal  and  Point  Levers.  6d.  (4  figs.) 

December  23. 

Conductors. — The  various  parts  of  the  apparatus 
are  “ connected  by  wires  in  the  ordinary  way,”  the 
circuit  being  completed  by  a “bridge piece”  attached 
to  the  engine. 

5,498. — J.  J.  Shedlock,  Uxbridge.  Treatment 
of  Articles  of  Cast  Iron.  4d.  December  30. 

Insulating  Material.— Articles  of  cast  iron 
■which  are  to  be  used  for  electrical  apparatus  are 
covered  with  an  insulating  compound  by  exposing 
the  surface  to  the  action  of  a dissolving  agent,  and 
then  enclosing  them  in  an  air-tight  box  in  which  a 
vacuum  is  maintained  while  the  casting  is  heated. 
The  compound  consisting  of  pitch,  resin,  india- 
rubber,  or  gutta  percha  is  then  admitted  and  forced 
into  the  pores  of  the  metal  by  the  atmospheric 
pressure. 
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39. — H.  J.  Haddan,  London.  (J.  D.  Tou'nscvd, 
New  Yorh,  U.S.A.)  Street  Curbs  and 
Gutters  for  the  Reception  of  Telegraph 
Wires.  4d.  (6  figs.)  January  4. 

Conductors.  — The  conduit  for  telegraph  and 
other  conductors  consists  of  a flanged  case  or 
chamber  forming  a street  curb.  A parallel  flanged 
chamber  forms  the  gutter,  the  chambers  being  suit- 
ably connected  together  at  the  sides  and  ends,  and 
fitted  with  a removable  cover  forming  a step  and 
gutter  piece. 

48. — W.  R.  Lake,  London.  {E.  Etcve,  Paris.) 
Apparatus  for  Generating  and  Utilising 
Electricity  for  Lighting,  &c.  Gd.  (flfigs.) 
January  4. 

Dynamo  - Electric  Generator.  — The  field 
magnets,  of  horseshoe  form,  are  built  up  of  a 


number  of  separate  plates,  and  are  provided  with 
coils  on  each  leg.  The  armature  consists  of  a 
“ coil  mounted  on  an  axle  and  actuated  by  a pair 
of  toothed  wheels.”  The  two-part  commutator  is 
of  ordinary  construction.  A cam-shaped  plate  and 
spring  are  used,  “ the  caloric  effect  of  which”  is 
utilised  for  igniting,  say,  a spirit  lamp. 

Arc  Lamp. — The  base,  of  glass,  carries  two 
uprights  supporting  two  parallel  spindles  geared 
together,  on  the  ends  of  which  are  secured  discs 
of  carbon.  Motion  is  imparted  by  a falling  weight. 

65. — P.  M.  Justice,  London.  Electric  Lighting. 

(If.  C.  SpahUiKj,  Boston,  U.S.A.)  Cd.  (1  fig.) 

January  6. 

Electric  Light. — This  consists  of  a system  of 
lighting  towns  by  groups  of  electric  lights  massed 
together  in  elevated  positions,  the  groups  being 
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sululivided  into  lesser  groups,  eaeh  sub-group  being 
in  a circuit  distinct  from  and  independent  of  the 
others,  and  the  lights  composing  each  sub-group 
being  so  arranged  as  to  be  interspersed  with  the 
lights  of  other  sub-g-  oups. 

78. — J.  E.  H.  Gordon,  Dorking.  Dynamo- 
Electric  Machines  for  Electric  Lighting. 
6d.  (8  figs.)  January  6. 

Dynamo-Electric  Gk.verator. — The  armature 
consists  of  a number  of  wheels  mounted  upon  a 
shaft,  carrying  at  their  peripheries  cylindrical 
bobbins  of  insulated  w'ire  arranged  with  their 
axes  parallel  to  and  equidistant  from  the  axis  of 
the  generator.  The  bobbins,  wound  on  solid  or 
tubular  iron  cores,  fit  in  recesses  in  the  w'heels  in 
which  they  are  secured  by  screws  overlapping  their 
ends.  They  are  separately  excited  by  a continuous 
current,  and  are  wound  so  that  the  poles  on  each 
side  of  a given  core  and  the  one  opposite  to  it  are 
of  contrary  polai-ity  to  itself.  The  moving  parts 
of  the  exciter  are  preferably  mounted  on  the  arma- 
ture shaft.  The  field  magnets  consist  of  a number 
of  cylindrical  coils  of  insulated  wire,  carried  in 
recesses  formed  on  the  peripheries  of  brass  sta- 
tionary brackets  placed  between  and  outside  the 
Avheels  composing  the  armature.  The  coils  are 
secured  in  the  recesses  by  brass  bands.  The  cores, 
consisting  preferably  of  bundles  of  iron  wires,  have 
their  axes  parallel  to  the  axis  of  the  generator. 
These  bobbins  are  so  arranged  that  the  ends  of  the 
cores  of  the  rotating  bobbins  pass  close  to  tlieir 
ends.  Each  of  the  stationary  magnets  may  supply 
a separate  circuit  or  they  may  be  coupled  up 
as  required.  The  fixed  bobbins  are  each  divided 
into  a number  of  sections  by  discs  of  insulating 
material.  The  bobbins  adjacent  to  the  outer  faces 
of  the  armature  are  preferably  half  the  length 
of  the  others,  and  are  coupled  together  in  pairs, 
their  cores  being  connected  by  iron  armatures. 
Two  insulated  wheels  fixed  on  the  shaft  convey 
the  current  from  the  exciter  to  the  armature  coils. 
No  commutator  is  described. 

93.  • — J.  Imray,  London.  (C.  Ihrz,  ParU.) 
Telephonic  Apparatus  and  Conductors. 
6d.  (10  figs.)  January  8. 

Dynamo-Electric  Generator.  — A dynamo- 
electric  or  magneto-electric  generator  is  employed 
to  supply  the  current  to  the  instrument. 

129.  — J.  H.  Johnson,  London.  ((7.  Fcmre, 
Purift).  Galvanic  Polarisation  Batteries  or 
Magazines  of  Electricity.  6d.  (6  figs.) 

January  11. 

Secondary  Batteries.  — The  elements  of  the 
batteries  are  prepared  by  mechanically  coating. 


electro-plating,  or  depositing  upon  them  a layer  of 
spongy  or  porous  lead  of  suitable  thickness.  The 
plates,  which  are  by  preference  of  lead,  are  coated 
with  metallic  salts  or  oxides  mixed  with  inert 
substances,  as  for  example  sulphate  of  lead  mixed 
with  pulverised  coke.  When  the  two  elements 
thus  prepared  are  immersed  in  dilute  sulphuric  acid 
and  connected  to  a source  of  electricity,  the  salt 
on  one  of  the  plates  will  be  reduced  and  form  an 
adhesiv'e  porous  coating.  On  the  current  being 
reversed  the  other  plate  will  be  similarly  affected, 
and  the  first  plate  will  be  reoxidised  or  peroxi- 
dised,  and  these  two  will  constitute  a galvanic 
couple.  Fig.  1 is  a battery  constructed  with  flat 
plates.  Fig.  2 a battery  with  circular  plates,  and 


Fig.  3 a battery  of  flat  plates  forming  cells.  A and 
B,  Fig.  1,  are  thin  lead  plates  ; B,  Fig.  2,  is  a 
central  rod  of  lead  or  carbon  enclosed  in  a cylinder 
C of  porous  materials  ; the  annular  space  between 
C and  the  central  element  is  filled  in  the  first 
instance  with  sulphate  of  lead  and  coke.  In 
Fig.  3,  B a a are  plates  of  lead,  arranged  parallel 
to  each  other  and  secured  by  strips  of  india-nibber. 
The  specification  describes  the  application  of  the 
invention  to  driving  tramcars  and  boats.  A regu- 
lating switch  is  employed  for  putting  in,  or  re- 
moving from,  the  circuit,  sections  of  the  battery. 

153. — A.  Muirhead  and  J.  Hopkinson,  West- 
minster. Electric  Lamps.  6d.  (5  figs.) 

.January  12. 

Arc  Lamp. — Figs.  1 and  2 are  elevation  and  plan 
of  the  lamp.  Fig.  3 shows  a modified  form  of  brake 
gear.  The  upper  carbon  C is  carried  by  the  holder 
A,  upon  which  is  cut  a screw-thread  B,  engaging  a 
similar  thread  in  the  boss  of  the  wheel  F.  D is  a 
key-way  or  “ screw  of  infinite  pitch,”  which  keeps 
the  holder  from  revolving.  In  operation  the  arc  is 
formed  by  an  electro-magnet  acting  on  either  the 
upper  or  low'er  carbon-holder,  and  as  the  upper 
carbon  falls,  the  wheel  F is  caused  to  revolve  by 
the  screw  A,  and  rotates  the  pinion  G and  the 
brake-w'heel  H.  The  brake-wheel  is  controlled  by 
an  electro- magnet  on  a shunt  circuit  acting  against 
a spring,  which,  when  the  resistance  of  the  arc 
increases,  is  overpowered  and  drawn  away  from 
the  wheel.  As  shown  in  Fig.  3,  the  toothed  wheels 
may  be  replaced  by  a brake  disc  provided  with 
paddles  working  in  fluids,  the  amount  of  immersion 
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being  controlled  by  an  electro-magnet  placed  on  a 
shunt  circuit. 


Inc'Ande.scenc'e  Lamp.  ■ — The  carbon  filaments 
are  prepared  from  silk,  horn-beam,  gumostic  fibre, 
Manilla  paper,  bone,  cartilage,  or  assein,  freed 
from  earthy  matter,  by  embedding  strips  of  the 
material  in  lampblack  in  a porcelain  crucible, 
through  which  the  vapour  of  carbon  bisulphide  is 
passed.  The  ci  ucible  is  then  closed  and  heated  to 
redness  for  one  hour.  The  looped  ends  of  the  fila- 
ments are  secured  to  metallic  conductors  by  clips, 
and  are  then  cemented  into  long  closely  fitting 
glass  tubes  which  are  passed  through  holes  in  the 
globe  accurately  ground  to  receive  them.  The 
globes  are  filled  with  vapour  of  carbon  sulphide 
and  hermetically  sealed.  The  filaments  may  be 
platinised  by  dipping  them  in  a solution  of  ammonio 
chloride  of  platinum  and  then  heating  them  to 
redness. 

200. — J.  Imray,  London.  (./.  E.  CahancUax, 
Parh).  Transforming,  Conveying,  and 
Applying  Power  by  Means  of  Electricity, 
&c.  Is.  (3*2  figs.)  January  13. 

Di.stkibuting  Curkents. — This  invention  relates 
to  the  means  of  distributing  the  current  over  a 
single  conducting  system  in  such  a manner  that  the 
varying  loc.al  consumption  may  be  automatically 
regulated  at  the  central  station.  This  is  attained 
by  a system  of  “electric  cocks”  and  automatic 
regulators.  The  “ electric  cock”  is  a combination 
of  an  electric  motor  and  a generator,  having  their 
movable  parts  fixed  on  the  same  spindle.  The 
motor  is  driven  by  the  main  current,  the  generator 


supplying  the  current  to  the  local  circuit.  The 
regulation  of  this  generator  is  effected  by  a centri- 
fugal governor  working  a lever  which  short-circuits 
it  when  the  velocity  becomes  too  great.  The 
“ electric  cocks”  are  placed  at  intervals  in  the  main 
circuit  forming  the  connections  between  it  and 
the  various  local  circuits.  The  main  generator  is 
caused  to  send  out  the  exact  amount  of  current 
required  by  the  action  of  an  automatic  “ sentinel.” 
If  the  elements  of  the  main  generator  be  “hydro- 
electric, thermo-electric,  or  of  such  kinds,”  they 
are  arranged  in  series,  their  poles  being  con- 
nected separately  to  insulated  springs  arranged 
in  a circle,  over  which  passes  a “ brush”  con- 
nected to  the  return  wire,  the  motion  of  the 
“ brush”  in  either  direction  putting  in  circuit  more 
or  less  of  the  elements.  The  “ sentinel,”  or  relay, 
is  actuated  by  variations  in  the  main  current,  on 
an  increase  in  which  it  puts  in  circuit  the  “ sentinel 
battery”  so  as  to  turn  an  electric  motor  in  one 
direction,  and  on  a diminution  in  the  other  ; this 
motor  turns  the  “brush,”  until  the  main  current 
is  of  the  requisite  strength,  when  the  “sentinel” 
breaks  contact.  In  a modification  a differentially 
wound  motor  is  employed.  “ If  the  elements  of 
the  producer  be  of  dynamo-electric  kind  ....  the 
corrections  intermediate  between  what  would  result 
from  the  suppression  or  addition  of  one  element  is 
effected  by  a variation  of  speed.”  In  this  case  the 
electric  motor  worked  by  the  “ sentinel  battery,” 
besides  turning  the  correcting  brush,  also  rotates  a 
centrifugal  governor  which  regulates  the  speed  of 
the  engine.  A more  exact  regulation  is  obtained 
by  winding  the  field  magnets  of  one  of  the 
“elements”  M'ith  separate  coils  connected  to  a 
commutator  similar  to  that  employed  for  cutting 
out  the  “ elements”  whose  brush  moves  in  the  same 
manner.  This  serves  to  produce  fractional  parts 
of  the  requisite  current.  When  the  electro- 
magnets of  the  generators  are  separately  excited, 
an  “electro-magnetic  gauge”  is  used,  which  opens 
the  exciting  circuit  when  the  predetermined 
intensity  is  exceeded.  Water-uheels,  turbines, 
windmills,  &c.,  are  used  to  generate  the  main  cur- 
rent, the  hollow  axles  of  the  wheels  carrying  the 
moving  parts  and  a stationary  spindle  the  fixed 
parts  of  a generator.  ^^Tlen  annular  magnetic  in- 
ductors, of  ring  form,  and  actuating  a single  arma- 
ture of  the  Gramme  type,  are  used  in  the  “ electric 
cocks,”  both  the  inducing  and  induced  parts  being 
respectively  connected  to  their  proper  commutators, 
the  two  sets  of  brushes,  to  one  of  which  the  exciting 
current  conductors  are  connected,  arc  caused  to 
revolve  together  round  their  respective  commu- 
tators. Various  combinations  of  the  inducing  and 
induced  coils  arc  described.  'Phe  main  current 
may  be  transformed  into  alternating  currents 
by  suppressing  the  induced  collector  and  sub- 
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stituting  for  the  continuous  coil  of  the  ring  a 
scries  of  independent  coils,  each  of  a length 
equal  to  that  between  the  points  of  the  in- 
ducing coils  corresponding  to  two  consecutive 
positions  of  the  inducing  brushes.  The  inventor 
states  ‘ ‘ that  with  the  concentric  or  side-by-side 
arrangements  described  for  the  inducing  and  in- 
duced coils,  and  by  the  use  of  iron  wire  in  bundles, 
the  cock  can  be  made  for  general  use  in  the  form 
of  a straight  tube  that  can  be  sold  by  the  yard.”  It 
is  further  stated  that  “ the  rotation  of  the  brushes 
only  causes  a very  limited  consumption  of  local 
energy  for  the  passive  expenditure  of  the  friction 
of  the  brushes  in  the  medium  and  on  the  collectors,” 
their  speed  being  controlled  by  clockwork,  or  by  a 
small  electric  motor,  the  speed  of  which  is  in  turn 
regulated  by  an  “ electric  ratchet.”  This  “con- 
sists in  the  combination  of  two  distinct  induced 
circuits  operating  successively,  and  causing  each 
in  its  turn  tlie  movement  of  the  ratchet  one 
division.”  The  description  of  the  “electric 
ratchet”  is  too  vague  to  permit  of  the  method 
of  construction  being  understood.  Mathematical 
formul®  are  given  to  obtain  “the  radius  of  the 
circle  round  which  the  rectilineal  commutator 
should  be  wound,”  and  also  for  the  construction  of 
the  commutator.  The  ratchets  may  be  worked 
by  continuous  or  alternating  cuiTents,  and  their 
direction  of  rotation  reversed  by  bringing  into 
action  a supplementary  set  of  brushes. 

218. — J.  E.  H.  Gordon,  Dorking.  Apparatus 
for  Producing  Electric  Light.  6d.  (7  figs.) 
January  17. 

INCANDESCENCE  Lamps. — This  relates  to  modifi- 
cations of  a former  Patent,  No.  1,826  of  1880.  The 


light  is  produced  by  the  discharge  of  high  tension 
alternating  currents  between  balls  of  refractory 
metal.  A represents  the  two  balls  at  the  end  of 
thin  stems  held  or  guided  by  the  glass  cross-piece 
and  spiral  C.  The  globe  contains  hydrogen  or 
nitrogen  at  a pressure  of  one-third  to  one-half  an 
atmosphere. 

225. — St.  G.  L.  Fox,  London.  Electric  Lamps, 
&c.  fid.  (8  figs.)  January  18. 

Incandescence  Lamps. — This  refers  to  Patents 
Nos.  3,988,  4,043,  and  4,626  of  1878,  and  No.  3,494 


of  1880.  According  to  this  invention  the  filaments 
of  incandescence  lamps  are  formed  of  vegetable 
threads  wound  round  a block  of  refractory  ma- 
terial of  a pear-shaped  section  provided  with  a 
steel  cutting  edge  at  the  pointed  end.  The  whole 
is  heated  in  a crucible  when  the  threads  break 
over  the  cutting  edge.  The  baked  threads  are 
removed  from  the  block  and  placed  in  suitable 
numbers  in  clips  and  immersed  in  an  atmosphere 
of  coal  gas,  while  an  electric  current  is  passed 
through  them  so  as  to  raise  them  to  a white  heat. 
The  resistance  of  the  partially  carbonised  threads 
is  overcome  by  the  employment  of  secondary 
currents  produced  by  momentarily  short-circuiting 
a dynamo  machine,  until  the  filaments  attain  a con- 
dition when  a moderate  current  will  traverse  them. 
To  thicken  the  ends  the  main  part  of  the  filament  is 
short-circuited  by  a copper  wire  and  the  current  is 
continued  until  a sufficient  amount  of  carbon  has 
been  deposited  upon  them  from  the  surrounding 
gas.  Contact  between  the  ends  of  the  filament 
and  the  platinum  holders  is  made  by  smearing 
them  with  Indian  or  Chinese  ink.  To  extinguish 
street  lamps,  without  affecting  the  lamps  in  adjoin- 
ing houses  fed  from  the  same  main,  there  are  con- 
nected in  series  by  a line  wire  a number  of  electro- 
magnets, one  to  each  street  lamp.  Vibrating 
between  the  poles  of  these  electro-magnets  are 
permanent  magnets  connected  to  the  main.  These 
permanent  magnets,  according  to  the  direction  of 
the  current  sent  through  the  line  wire,  make  con- 
tact with  one  of  two  stops,  thereby  SMutching  in 
or  out  the  street  lamp.  In  a modification  a high 
resistance  electro-magnet,  through  which  a feeble 
current  always  passes,  has  a spring  armature 
balanced  to  the  normal  electromotive  force  of  the 
main.  The  armature  on  a momentary  increase 
or  decrease  closes  the  circuits  of  other  electro- 
magnets, one  of  which  turns  the  lamp  circuit  on, 
and  the  other  turns  it  off. 

229. — H.  H.  Lake,  London.  (II.  A.  Clark, 
Boston,  U.S.A.)  Restoring  Waste  Vulca- 
nised India-Rubber  or  Gutta-Percha,  &c. 
6d.  (12  figs.)  January  18. 

Conductors. — The  waste  rubber  is  ground  into 
small  particles  and  boiled  with  a little  water  until 
the  sul2)hur  is  nearly  removed.  Two  to  ten  per 
cent,  of  palm  oil  is  then  added,  and  the  whole 
mixed  and  heated,  after  which  the  mass  is  sub- 
jected to  the  vapours  of  turpentine  or  camphine 
until  in  a ^fiS'Stic  condition  fit  for  working. 
Before  being  made  up  two  to  ten  2’er  cent,  of 
resinous  matter  is  added  to  the  desulphurised 
material.  When  used  for  coating  electrical  con- 
ductors it  is  wound^on  the  outside  with  a string  of 
tinfoil. 
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245. — C.  L.  Clarke  and  J.  Leigh,  Manchester. 

Apparatus  for  Lighting  Gas.  4d.  January 

20. 

Induction  Coils.— To  have  both  terminals  of 
the  wire  at  the  outer  ends  of  the  coil  the  core  i.s 
divided  into  two  halves  by  a washer  of  ebonite. 
One  end  of  a wire  is  placed  through  a hole  in  the 
washer  near  the  core,  and  one  half  the  coil  wound 
with  this  wire  to  tlie  required  diameter  ; one  end 
of  a second  wire  is  then  soldered  to  the  end  pro- 
truding through  the  washer,  and  witli  this  the 
second  half  of  the  coil  is  wound. 

253. — C.  G.  Gumpel,  London.  Apparatus  for 

Producing  Electric  Currents,  &c.  lOd. 

(.31  figs.)  January  20. 

Dynamo-Electric  Generator. — The  inventor’s 
object  is  to  “concentrate  the  polarity”  of  the  field 
magnets  “ as  much  as  possible  into  a narrow  field.” 
To  this  end  an  even  number,  preferably  not  less 
than  four,  of  electro  or  permanent  magnets  having 
alternate  polarity  are  distributed  about  the  circum- 
ference of  the  armature.  The  pole-pieces  of  these 
magnets  are  formed  so  as  to  converge  towards 
each  other.  The  rotating  armature,  in  shape, 
approaches  a hollow  open-ended  barrel,  being  larger 
in  diameter  at  its  centre  than  at  its  ends.  The 
core  may  be  constructed  of  an  iron  barrel,  slotted 
to  impede  longitudinal  induction  and  supported  at 
each  end  by  non-magnetic  bosses  fixed  on  the 
shaft ; or  it  may  be  constructed  of  a number  of 
insulated  iron  rings  supported  on  a wooden  centre 
and  clamped  together  by  two  end  bosses ; or  it  may 
consist  of  iron  wire  wound  on  a wooden  core.  In 
all  cases  the  surface  is  divided  by  longitudinal  ribs 
in  the  spaces  between  which  the  insulated  copper 
wire  coils  are  wound.  Three  methods  of  winding 
the  coils  are  described.  The  commutator  consists 
of  a cylindrical  core  having  mounted  on  it,  side  by 
side,  a number  of  insulated  metallic  rings,  each 
connected  with  one  or  moi’e  coils  of  the  armature. 
On  the  outer  peripheries  of  these  rings,  and  parallel 
with  the  axis  of  the  armature,  are  fixed  the  in- 
sulated commutator’ slips.  The  brushes,  of  “chain” 
form,  are  constructed  of  short  links  of  metal,  the 
edges  of  the  links  overlapping  tlie  commutator  to 
the  desired  arc.  The  ends  of  the  “chains”  are 
jointed  to  two  arms  hinged  together  and  pressed 
towards  the  commutator  by  an  adjustable  spring. 
The  linked  chain  may  be  replaced  by  a number  of 
flexible  metal  strips  pressed  on  the  commutator  by 
a bow  spring.  When  brushes  of  the  ordinary  type 
are  used  the  commutator  rings  are  fitted  with 
segments,  each  extending  over  the  desired  arc,  the 
circumferential  spaces  being  filled  in  with  insulating 
material.  "When  the  commutator  has  to  serve  for 
cither  continuous  or  alternating  currents,  the  rings 
are  made  broader  than  the  projecting  segments, 


the  brushes  being  arranged  to  bear  either  on 
segments  or  continuously  on  the  lower  surfaces 
presented  by  the  rings. 

Arc  Lamp. — The  upper  carbon  is  held  in  a 
socket  tube  having  on  its  side  a toothed  rack  gear- 
ing with  a pinion,  on  the  axis  of  which  is  fixed  a 
ratchet  wheel.  The  ratchet  wheel  rests  on  a shoe 
hinged  to  the  end  of  the  armature  of  an  electro- 
magnet having  its  coil  in  the  lamp  circuit.  Aspring 
pawl  rack  gears  with  the  ratchet  wheel,  which, 
along  with  the  pinion,  is  mounted  in  a movable 
frame  having  its  descent  limited  by  an  adjustable 
stop.  On  the  admission  of  current  the  magnet 
lifts  its  armature  and  with  it  the  slioe,  wheels,  and 
frame  to  an  extent  determined  by  a stop.  On  the 
arc  resistance  becoming  too  great  the  armature 
falls,  and  the  ratchet  wheel,  held  by  the  spring 
pawl  rack,  turns  and  feeds  down  the  carbon.  In  a 
modification  a spring  friction  pawl  operated  by  an 
electro-magnet  of  high  resistance  placed  in  a branch 
circuit,  is  substituted  for  the  pawl  rack.  In 
another  arrangement  a solenoid  having  its  coil  in  a 
by-pass  circuit  attracts  downwards  its  core  when 
the  arc  resistance  is  too  great,  thereby  releasing  the 
shoe  from  the  ratchet  wheel.  Tlie  wheels  are  sup- 
ported on  an  arm  hinged  to  the  main  frame  instead 
of  being  carried  in  the  small  frame.  In  a further 
modification  a spring  friction  pawl  is  worked 
through  a lever  by  the  solenoid  which  operates  the 
shoe. 

Transmir.sion  of  Power. — A continuous  current 
generator  supplies  current  to  the  armature  of  an 
electric  motor  having  its  axis  geared  with,  say,  the 
rudder  arm  of  a ship.  A commutator  is  arranged 
so  as  to  change  the  direction  of  the  current 
through  the  motor  armature,  by  which  the  rudder 
is  put  to  port  or  starboard  as  required.  The  com- 
mutator is  operated  by  moving  a steering  handle 
and  so  arranged  as  to  make  its  full  stroke  even 
when  the  handle  is  moved  only  a short  distance. 
The  steering  handle  segment  carries  a spring  con- 
tact, travelling  over  a number  of  insulated  plates, 
each  connected  to  one  of  a number  of  contact 
points  traversed  by  an  arm  fixed  to  the  rudder 
shaft.  This  arm  and  also  the  segment  of  the 
handle  forms  a by-pass  to  the  main  circuit,  and 
in  this  is  placed  an  electro-magnet,  the  spring 
armature  of  which  is  linked  to  a sliding  contact 
spring  sliding  on  two  insulated  contact  plates 
having  interposed  between  them  two  or  more 
plates,  each  connected  to  one  of  the  contact  plates 
through  a resistance.  By  these  means  the  rudder 
is  caused  to  take  a position  corresponding  to  that 
of  the  steering  luuulle. 

264. — A.  Apps,  London.  Apparatus  for  Pro- 
ducing Light  by  Means  of  Electric  Cur- 
rents, &C.  (id.  (5  figs.)  .January  21, 
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ment  of  the  current  passing  througli  an  induction 
coil  or  other  apparatus,  a dynamometer  is  em- 
ployed having  a spring,  similar  to  a Salter’s 
balance,  which  indicates  the  force  exercised  by 
the  magnetic  core  of  the  apparatus  upon  a second 
core  or  armature.  The  invention  further  relates 
to  a multitubular  form  of  magnet  and  conductor 
contained  within  the  inductor,  “ securing  better 
insulation  than  heretofore,  whether  solid  or  fluid, 
both  of  the  magnet  proper  and  its  surroundings 
and  internally  contained  currents  or  charges  which 
is  also  applied  vertically  or  at  right  angles  to  tlie 
first  order  of  parts  when  tlie  currents  pass  in 
annular  planes  alternately  with  dividing  facilities, 
and  in  multiple  current  in  secondary,  tertiary,  or 
further  formations,  whether  the  effect  be  con- 
tinuous, or  vibratory,  or  intermittent.” 

IXCANDESCEXCE  Lamp. — The  currents  are  sepa- 
rated on  the  parts  of  the  conductors  in  or  about 
the  induced  field  of  the  multitubular  magnet,  and 
the  discharges  utilised  to  produce  light  in  rods  or 
filaments  of  carbon. 

Arc  Lamp. — This  is  a fixed  upright  rod,  with  a 
second  rod  descending  by  gravity  and  suitably 
guided  in  its  descent.  The  descending  rod  makes, 
by  preference,  a fluid  contact  in  an  iron  tube.  The 
lamp  is  supported  on  a glass  base  and  contained 
within  an  air-tight  glass  globe. 

288.  — J.  Richardson,  Lincoln.  Controlling 
and  Regulating  the  Speed  of  Engines 
Employed  for  Driving  Dynamo-Electric 
Machines.  8d.  (7  figs.)  January  22. 

Current  Regulator. — The  governor  of  the 
motor  engine  is  driven  by  a small  dynamo  motor  C 
impelled  by  the  current  from  the  main  electric 


generator,  and  running  faster  or  slower  as  the 
current  rises  or  falls  below  the  normal  amount. 
If  the  current  fails  altogether  a weight,  usually 
sustained  by  an  electro-magnet  E,  falls  and  closes 
the  throttle  valve.  The  current  may  be  made  to 
actuate  the  throttle  valve  by  an  electro-magnet, 
placed  in  the  main  or  a shunt  circuit,  and  having 
its  armature  connected  to  the  valve  spindle. 


304. — R.  Werdermann,  London.  Manufacture 
of  Carbon  and  Graphite,  &c.  6d.  (1  fig.) 

January  22. 

Carrons. — These  are  made  from  sugar,  raw 
cotton,  wood  pulp,  or  similar  materials,  eitlier 
alone  or  mixed  with  essences,  tar,  &c.  After 
carbonisation  the  product  is  mixed  with  a solution 
of  pure  sugar,  or  tar,  or  oil,  and  moulded  to  tlie 
required  shape.  When  dry  the  rods  are  placed  in 
a vessel  containing  a solution  of  sugar,  tar,  oil,  or 
other  carbonaceous  liquid  and  the  air  is  exhausted, 
after  wdiich  the  rods  are  again  dried  and  are  raised 
to  a red  heat  by  a current  of  electricity. 

455.  — F.  Barr,  New  York,  U.S.A.  Signal 
Buoys.  6d.  (4  figs.)  February  3. 

Dynamo-Electric  Generator. — A “dynamo- 
electric  engine”  supplies  tlie  current  for  an  “elec- 
tric lamp  or  lantern”  placed  upon  tlie  top  of  the 
buoy. 

473. — E.  P.  Alexander,  London.  (.7.  C.  White, 
and  II.  II.  Hayden,  New  York,  U.S.A.) 
Conveying  Money,  Documents,  &c.,  in 
Mercantile  Establishments,  &c.  Sd.  (21 
figs. ) February  4. 

Motor. — The  articles  are  placed  in  small  carriers 
■which  “ are  rendered  self  moving  under  the  action 
of  any  suitable  motor,  mechanical  or  electric.” 

497. — H.  Wilde,  Manchester.  Electro- Mag- 
netic Induction  Machines.  6d.  (2  figs.) 

February  5. 

Dynamo-Electric  Gener.vtors. — a a are  wheels 
or  discs  made  of  brass  or  other  non-magnetic 
metal,  and  slit  in  a radial  direction  ; h h are 
the  armatures  fitted  with  pole-pieces  W lA,  the 
slits  in  which  coincide  with  the  slits  in  tlie 
wheels.  The  pole-pieces  are  fitted  in  recesses  in 


the  brass  wheels  a ; c c are  the  electro-magnets 
with  pole-pieces  d slit  radially  and  about  one-half 
larger  in  diameter  than  the  cores,  while  the  pole- 
pieces  U lA  are  about  one-sixth  larger  in  diameter 
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tlian  the  armature  cores.  The  field  magnets  may 
be  separately  excited  or  the  current  of  one  or  more 
coils  of  the  armature  may  be  used  for  exciting 
them.  In  order  to  prevent  the  destructive  spark 
on  the  commutator  when  the  circuit  is  interrupted, 
an  electro-magnet,  excited  by  the  main  current,  is 
employed  to  short-circuit  the  currents  through  the 
machine  till  the  external  circuit  is  re-established. 
The  commutator  is  of  ordinary  construction. 

539. — E.  G.  Brewer,  London.  (T.  A.  Edison, 

New  Jersey,  U.S.A.)  Electric  Lamps.  8d. 

(16  figs.)  February  8. 

Inc.'VNDEScencf,  Lamp. — In  incandescence  lamps 
in  which  the  filament  is  straight,  and  is  not  a 
bow  or  curl,  as  has  been  hitherto  the  case,  the 
filament  is  held  extended  upwards  by  a vertical 
glass  arm  carrying  a conductor.  In  order  to 
prevent  heat  from  the  incandescent  material  being 
carried  down  to  the  point  where  the  conducting 
wires  are  fused  into  the  glass,  a long  interval  is 
interposed  between  the  clamps  of  the  carbon  and 
globe,  and  the  conducting  wires  are  supported 
by  a glass  pillar.  Lamps  to  be  suspended  may 
be  cheaply  constructed  of  a filament,  a sealed 
glass  sphere,  and  protruding  conductors.  Figs.  1 
and  2 show  an  arrangement  whereby  the  in- 
tensity of  a lamp  may  be  modulated  at  will. 
The  base  B contains  the  resistance  ring  of  heavy 
carbon,  shown  in  Fig.  2.  One  main  conductor  is 


attached  to  the  stud  in  the  centre,  and  the  current 
flows  through  the  metal  arm  F to  any  of  the  contact 
pieces  a a,  to  which  the  arm  may  be  applied  by 
means  of  its  external  knob.  In  the  illustration 
the  arm  rests  on  the  terminal  of  the  second  leading 
wire,  and  the  carbon  resistance  is  out  of  circuit. 
Several  forms  of  glass  supports  to  prevent  the 
bending  over  of  the  fibre  are  illustrated,  and  the 
form  of  the  glass  stem  through  which  the  wires 
pass  is  modified  to  withstand  the  air  pressure 
better.  Fig.  3 illustrates  a new  method  of  seal- 
ing the  lamp  ; W is  a wooden  base,  A a glass 
socket  fitted  therein,  of  a form  resembling  a W 


in  cross  section.  The  globe  B is  fitted  into  the 
socket  A by  grinding,  and  the  joint  is  further 
secured  by  the  mercury  C,  and  rubber  ring  D. 
The  small  screw  at  the  side  of  the  wooden  base 
serves  to  switch  in  or  out  the  lamp.  The  con- 
ducting wires  are  sealed  at  their  entrance  into  the 
globe,  and  also  again  at  their  exit  from  the  cham- 
ber formed  under  their  place  of  entrance. 

562. — P.  Jensen,  London.  (T.  A.  Edison,  New 
Jersey,  U.S.A.)  Manufacture  of  Carbon 
Burners.  8d.  (12  figs.)  February  9. 

Incandescence  Lamps. — Flexible  carbon  sheets 
or  filaments  for  incandescence  lamps  are  made  bj' 
precipitating  carbon  from  a gas  or  vapour  on  to 
sheets  of  nickel  or  cobalt  heated  to  a high  tem- 
perature. The  metal  is  removed  from  the  carbon 
so  precipitated  by  being  dissolved  in  acid.  Blocks  or 


Fig.  1 n 


cruciblesof  carbon  are  prepared  by  carbonising  paper 
or  pulp  between  metal  dies.  The  hydrogen  that 
is  not  removed  by  the  heat  is  taken  up  by  passing 
chlorine  through  the  retort.  After  the  filament  is 
placed  in  the  globe  the  latter  is  exhausted  to  carry 
off  the  occluded  gases  while  the  current  is  passing, 
but  as  the  heat  does  not  extend  to  the  clamps  their 
temperature  is  raised  by  rays  projected  by  a mirror 
and  lens  (see  Fig.  1 ) from  an  arc  light.  After  the 
lamp  has  been  sealed  oft"  from  the  pump  a small 
amount  of  gas  is  left  which  is  absorbed  by  cocoa- 
nut  charcoal  contained  in  the  globe  B,  Avhich  is 
heated  to  a high  temperature,  and  left  upon  the 
stem  for  four-and-twenty  hours.  In  Fig.  2 tlie 
charcoal  containing  bulb  is  heated  by  a current  of 
electricity.  Fig.  3 shows  a method  of  filling  up 
minute  cracks  in  filaments  by  the  deposition  of 
carbon  upon  or  in  them  from  hydro-carbon  vapour. 
C Care  the  filaments,  R a reservoir  of  hydro-carbon 
in  a tank  of  hot  water,  11  a flask  heated  in  any  con- 
venient manner.  The  clampLng  ends  of  the  filaments 
arc  electro-deposited.  The  filaments  arc  preferably 
made  of  fibrous  vegetable  substances,  the  conduct- 
ing powers  of  their  enlarged  ends  being  increased 
by  jdacing  them  in  a vessel  through  which  is  passed 
a hydro-carbon  vapour. 


Abstracts  of  Patents. — 1881. 


cxlv 


639. —W.  R.  Lake,  London.  (//.  St.  Maxhri, 
lirooldtjn,  U.St.A.)  Preparing  Carbon  and 
other  Conductors  for  Electric  Lighting. 
8d.  (1  fig.)  February  15. 

Ist'.VNDKSCKXCE  Lamp.  — 111  practice  tlie  un- 
Ihushed  lilanient,  made  in  any  ordinary  manner, 
is  treated  in  an  exliausted  receiver  provided  with 
proper  electrical  connections ; a current  of  electri- 
city is  passed  through  it  to  expel  the  occluded 
gases,  and  these  are  pumped  from  the  receiver, 
after  wliich  pure  hydro-carbon  or  other  carbonaceous 
gas  is  admitted,  of  a pressure  about  equal  to  1 in. 
of  mercury.  The  current  is  then  increased,  carry- 
ing the  temperature  up  to  a high  point ; the  heat 
disassociates  the  elements  of  the  gas  and  the  carbon 
set  free  is  deposited  in  a state  of  fine  subdivision 
in  tlie  pores  and  upon  the  exterior  of  the  carbon, 
gradually  reducing  its  resistance  and  changing  its 
illuminating  capacity.  The  process  is  used  for 
manufacturing  lamps  of  a standard  illuminating 
power,  the  process  being  cari’ied  on  until  the  light 
emitted  exactly  balances  the  light  of  a lamp  whose 
terminals  are  maintained  at  the  same  potential. 

696.  — C.  W.  Si  emens,  London,  and  A.  C. 
Boothby,  Kirkcaldy,  Fife.  Apparatus  for 
Working  the  Brakes  of  Railway  Trains, 
(id.  (o  figs.)  February  17. 

iMoTORS. — The  electric  currents  from  a dynamo 
or  other  generator  placed  on  the  engine  are  con- 
veyed by  wires  along  the  train  to  electric  motors 
attached  to  each  carriage  which  operate  the 
brakes. 

*715. — J.  G.  Tongue,  London.  {A.  Lacomme, 
Pcu-Ik).  Electric  Lamps,  &c.  2d.  Feb- 

ruary IS. 

Arc  Lamp. — The  object  is  to  bring  a succession 
of  carbons  into  the  circuit  as  they  are  burnt  out. 
The  carbon  rods  are  arranged  around  the  periphery 
of  a wheel,  but  the  method  of  operating  is  not 
clearly  described. 

768. — E.  G.  Brewer,  London.  (T.  A.  Edison, 
Xew  Jersnj,  U.S.A.)  Connecting  the 
Carbon  Ends  to  Conducting  Wires  in 
Electric  Lamps.  Od.  (1  fig.)  February  2.3. 

Incandescence  Lamp.— This  relates  to  the  con- 
nection of  the  wires  and  the  carbon  filament  con- 
tained in  the  hermetically  sealed  glass  globe  of  an 
incandescence  lamp,  the  object  being  to  dispense 
with  the  delicate  clamps  hitherto  used.  The 
method  of  uniting  consists  in  first  attaching  the 
carbon  filament  to  the  wire  by  mechanical  means, 
and  tlien  completing  the  attachment  by  plating, 
the  dejDosited  metal  securing  good  electrical  con- 
nection between  the  wire  and  the  carbon.  The 


wire  can  be  mechanically  attached  by  flattening 
and  splitting  the  end,  and  inserting  tlie  carbon  in 
the  forked  opening,  the  sides  of  which  arc  pressed 
down  on  the  carbon,  or  the  wire  may  simply  have 
a turn  or  two  round  the  earbon,  or  be  bound  to  it 
by  fine  wire.  The  illustration  shows  an  electro- 
plating cell,  which  is  also  claimed  as  part  of  the 
invention,  having  a rubber  stopper  F to  close  the 


bottom.  E is  a supporting  tube  to  recei\’e  the  con 
ducting  wires  1 and  2,  which  are  sealed  thei'ein,  the 
tube  having  an  enlai’gement  D for  sealing  into  the 
neck  of  the  enclosing  globe  of  the  incandescenee 
lamp.  At  the  upper  ends  the  wires  1 and  2 are 
secured  to  the  filament  C ; the  tube  E is  passed 
through  an  aperture  in  F until  the  point  of  union  is 
just  covered  by  the  plating  solution  in  (I,  connec- 
tions 3 and  4 are  then  made  with  a battery  B,  the 
plate  A forming  the  anode,  and  the  ends  c c 
the  cathode  of  the  depositing  cells.  The  parts  of 
the  wire  not  required  to  be  plated  are  coated  'with 
varnish  or  wax. 

*774. — J.  Fyfe,  London.  Electric  Lamps.  2d. 

February  23. 

Arc  Lamps. — This  relates  more  particularly  to 
the  Krizik  and  Piette  ( “ Pilsen  ”)  type  of  lamp,  and 
consists  in  placing  the  regulating  solenoids  beneath 
the  lamp,  a “ thin  non-conductor  ” leading  up  to 
the  crosshead  of  the  lower  carbon  being  attached 
to  it  at  its  upper  end,  and  to  the  core  piece  at  its 
lower  end.  The  upper  and  lower  carbon-holders 
are  suitably  geared  together. 

783. — J.  Perry  and  W.  E.  Ayrton,  London. 

Electrical  Conductors.  8d.  (23  figs.) 

February  24. 

Conductors.  — This  is  designed  to  supply  a 
means  of  insulating  the  conductor  that  supplies 
the  eun’ent  to  electrieally  driven  trains.  To  this 
end  the  train  <loes  not  make  direct  contact  with 
the  main  conductor,  but  Mitli  short  successive 
lengths  of  a secondary  conductor  that  is  put  in 
communication  witli  the  main  conductor  as  the 
train  passes  over  it.  The  main  conductor  is  in- 
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sulated  in  any  well-known  manner,  as  by  india- 
rubber  coverings,  or  is  carried  upon  posts  and 
insulators,  and  is  connected  to  the  secondary  con- 
ductors by  branch  wires.  In  the  drawing,  A B is  a 
copper  rod  in  short  lengths  fastened  to  corrugated 
steel  discs  D D upon  an  ebonite  ring  E E.  The 
ling  is  secured  to  a cast-iron  box  carried  on  the 
sleeper.  The  rod  and  disc  have  sufficient  elasticity 
for  two  or  more  of  the  latter  to  be  simultaneously 
depressed  by  an  insulating  collecting  brush  or 
roller  carried  on  one  or  all  the  carriages  of  the 
train,  thereby  bringing  the  stud  E into  contact 
with  the  stud  G,  which  is  electrically  connected 
by  the  severed  wire  H to  the  main  conductor.  By 


this  arrangement  leakage  from  wet  and  dirt  is  con- 
fined to  the  length  of  rod  depressed  by  the  train. 
Several  modifications  of  this  part  of  the  invention 
are  described  and  illustrated,  in  all  cases  the  de- 
pression of  a flexible  disc  being  employed  to  complete 
the  main  circuit.  A somewhat  similar  arrange- 
ment may  be  employed  to  give  the  signalmen 
graphic  indications  of  the  progress  of  a train  driven 
by  steam  or  electricity.  A main  conductor,  in 
which  flows  a continuous  current,  is  put  to  earth 
by  the  contacts  such  as  E and  G,  its  resistance 
constantly  diminishing  or  increasing  as  the  train 
progresses.  In  the  cabin  is  a galvanoscope  which 
points  out  on  a diagram  a position  corresponding 
to  the  resistance  in  circuit  and  consequently  to  the 
distance  of  the  train  from  the  cabin.  Further,  the 
specification,  which  is  very  long,  describes  an  ab- 
solute block  system  in  accordance  with  which  a 
train  on  entering  a blocked  section  of  the  line  is, 
independent  of  any  action  on  the  part  of  the  driver 
or  guard,  deprived  of  all  motive  power  and  power- 
fully braked. 


785. — W.  E.  Ayrton,  London.  Covering 
W ire  for  Electrical  Purposes.  4d.  Feb- 
ruary 24. 

Conductors. — The  conductor  is  formed  of  a 
wire  warp  interwoven  with  a non-conducting  weft , 
or  a non-conducting  weft  woven  with  a wire  warp. 
The  web  is  applicable,  among  other  things,  to 
resistance  coils,  galvanometers,  electro-magnets, 
condensers,  and  artificial  submarine  cables. 


792. — P.  Jensen,  London.  (T.  A.  Edison, 
New  Jersey,  U.S.A.)  Electric  Lamps,  &c. 
Cd.  (1  fig.)  February  24. 

I Incandescence  Lamp.s.  — This  consists  in  so 
arranging  incandescence  lamps  in  various  combi- 
nations of  series  and  multiple  arc  that  the  total 
I resistance  on  any  one  circuit  is  constant,  whether 
j it  contains  one,  two,  or  more  lamps.  This  is  effected 
by  increasing  the  density  and  conducting  power  of 
the  filaments,  preferably  made  of  graphite  earbon, 
correspondingly  with  increasing  their  radiating 
siu’face. 

j 803. — R.  Waller,  Leeds.  Dynamic  Apparatus 

and  Motors,  &c.  lOd.  (25  figs.)  February  25. 

I Dynamo-Electric  Generatoils.  — The  first  ar- 
rangement of  “dynamic  electro  machine”  has 
; field  magnets  “composed  of  two  hollow  and  one 
solid  magnet  on  each  side  of  the  armature and 
these  are  wound  so  that  “ there  would  only  be  the 
I poles  uncovered.”  The  armature  core  is  hollow, 
and  is  wound  in  six  sections.  A modification  has 
j two  or  more  armatures  geared  together.  In  a 

' second  modification  the  electro-magnets  radiate 

j inwardly  from  a circular  frame  of  ivood,  the  arma- 
ture being  mounted  on  a shaft,  tlie  axis  of  which 
1 is  placed  eccentrically  to  the  common  centre  of 
the  field  magnets.  In  other  modifications,  electro- 
magnets are  arranged  to  approach  to  and  recede 
from  each  other  by  means  of  levers. 

C.4RB0N.S. — These  are  made  of  zig-zag  or  spiral 
1 form. 


! 


859. — J.  W.  Fletcher,  Stockport,  Cheshire. 
Apparatus  for  Erecting  and  Repairing 
Overhead  Telegraph  Wires,  fid.  (2  figs.) 
March  1. 


Draw  Vice.s. — -This  applies  to  what  are  called 
draw  vices,  and  consists  in  making  the  -winding 
pulley  in  halves,  by  which  means,  when  the  pulley 
is  filled,  the  wire  can  be  removed  by  opening 


the  hinged  frame  a : in  combining  the  pulley 
with  a gripi-)ing  device  which  is  formed  by  pro- 
longing the  arm  a to  form  one  jaw  I of  a vice,  m 
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being  the  other  jaw  made  with  a stem  11  passing 
through  1;  o is  a thumb  uut,  and  }>  ^ spring  for 
causing  m to  move  away  from  I when  nut  0 is  un- 
screwed : in  a locking  latch  or  bolt  j pivotted  at 
k to  arm  a for  keeping  the  two  arms  a ct}  in  the 
position  shown  in  Fig.  2 : and  in  forming  an 
eye  q attached  to  joint  h and  a draw  vice  r con- 
nected to  the  eye  by  the  chain  s. 

879. — A.  Shippey,  Bayswater.  Electric  Light 
Signalling.  4d.  March  1. 

Electric  Light. — This  relates  to  means  of  elec- 
tric light  signalling  for  military  purposes,  or  for 
saving  life  at  sea,  and  consists  essentially  in  em- 
ploying a balloon  or  kite,  to  which  is  suspended  an 
electric  lamp  connected  by  conducting  wires,  the 
return  wire  being  attached  to  a float  to  be  thrown 
into  the  sea. 

894. — J.  J.  Sachs,  Sunbury,  -Middlesex.  Elec- 
tric Lamps.  6d.  (3  figs.)  March  2. 

Semi-Incandescence  Lamp.s. — The  two  carbons 
are  placed  in  tubes  b h,  and  rest  upon  a plate  c of 


asbestos.  The  plate  c is  perforated  with  a series 
of  holes  d of  smaller  diameter  than  the  carbons, 
which  are  adjusted  in  position  over  the  holes  by 
means  of  the  screw  e ; a strip  of  graphite  f serves 
to  connect  the  carbons  : (/  is  a stand  for  supporting 
the  plate  c,  the  tubes  b being  suspended  by  /;.  In 
another  lamp  a number  of  carbons  are  arranged 
round  a plate  in  a similar  manner.  The  perfora- 
tions in  the  plate  allow  the  emission  of  the  light 
whilst  preventing  the  carbons  from  passing 
through. 

913. —W.  T.  Glover  and  G.  F.  James,  Man- 
chester. Machinery  for  Twisting  and 
Lapping  Wire  or  other  Materials  in  the 
Manufacture  of  Ropes  and  Cables.  6d. 
(6  figs.)  March  3. 

Conductors. — The  wire  is  wound  on  a bobbin 
having  on  one  of  its  ends  a series  of  pins,  and 
mounted  on  a horizontal  stud,  carried  by  an  arm 
on  a hollow  vertical  spindle.  An  escapement  is 
also  mounted  on  a horizontal  stud  carried  by  the 


vertical  spindle,  and  is  provided  with  a catch 
designed  to  come  in  contact  with  each  of  the  pins 
upon  the  bobbin  in  turn.  This  escapement  also 
carries  a roller  over  which  the  wire  passes  on  its 
way  to  a slot  in  the  hollow  spindle,  in  which  it 
runs  under  a pulley  attached  to  a weighted  drop 
rod.  So  long  as  the  drop  rod  is  supported  by  the 
wire,  the  roller  keeps  the  escapement  in  gear  with 
the  pins,  and  prevents  the  bobbin  from  revolv- 
ing more  than  one  tooth  at  a time.  Should  the 
wire  break  or  run  out,  the  rod  falls  and  stops  the 
machine. 

922. — J.  Elmore,  London.  Galvanising  Iron. 

4d.  March  3. 

Dynamo-Electric  Gener.ator. — The  iron  after 
pickling  and  cleansing  is  plunged  into  a solution  of 
salts  of  zinc  and  connected  by  a copper  rod  u ith 
the  cathode  pole  of  a powerful  dynamo-electric 
generator.  In  the  same  solution  are  sheets  of  zinc 
which  are  connected  to  the  anode  pole  of  the 
dynamo-electric  machine. 

1,016. — E.  G.  Brewer,  London.  {T.  A.  Edison, 

Neio  Jersey,  U.S.A.)  Weber  Meters.  6d. 

(7  figs.)  March  9. 

Current  Meters.  — The  invention  relates  to 
the  class  of  apparatus  described  in  Specification 
No.  4,391  of  1880.  In  one  arrangement  a definite 
proportion  of  the  current  to  be  measured  is  shunted 
through  an  open-bottomed  vessel  partially  filled 
with  water  and  floating  upright  in  the  same  liquid. 
The  water  in  the  vessel  is  decomposed  by  the  cur- 
rent, and  the  gases  formed  displace  a portion  of  the 
water  in  the  vessel,  lessening  its  specific  gravity 
and  causing  it  to  rise.  The  rising  of  the  vessel  ac- 
tuates a lever  connected  with  a registeruig  mecha- 
nism, so  that  the  amount  of  gases  produced  being 
proportional  to  the  current  through  the  vessel,  and 
this  in  turn  being  proportional  to  the  main  current, 
the  latter  may  be  indicated  by  the  registers.  An 
arrangement  is  provided  whereby,  when  a definite 
amount  of  decomposition  has  taken  place,  the  vessel 
will  rise  to  a sufficient  height  to  close  an  electrical 
circuit,  which  will  heat  a platinum  wire  and  ex- 
plode the  gases,  so  that  they  will  be  recomposed  into 
water  and  the  vessel  will  fall.  These  operations  arc 
continuously  repeated  so  long  as  the  current  passes. 
According  to  another  form  of  the  invention  an 
electro-depositing  cell  has  a metal  lining  which 
forms  one  of  the  electrodes  thereof,  connected 
in  any  suitable  manner  with  one  of  the  leading 
wires.  The  other  electrode  is  a piece  of  metal 
suspended  within  the  cell  by  a spring,  the  stress  of 
the  spring  being  so  adjusted  that  the  metal  plate 
will  be  sustained  at  the  top  of  the  cell  when  there 
is  a minimum  of  deposit  thereon,  while  the  maxi- 
mum of  deposit  will  cause  it  to  sink  to  the  bottom. 
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An  index  and  a scale  are  attached  to  the  springs, 
and  tlie  electrodes  are  also  connected  with  a regis- 
tering apparatus  and  circuit  reversers,  which 
change  the  direction  of  the  current  through  the 
cell,  so  that  the  metal  is  deposited  on  and  dissolved 
from  each  of  the  electrodes  alternately.  A third 
form  of  measuring  apparatus  consists  of  a motor 
to  which  is  given  a certain  definite  amount  of  re- 
sistance to  overcome,  comhined  with  registering 
devices  ; the  rapidity  of  its  motion  is  proportional 
to  the  current.  The  field  and  armature  coils  may 
both  he  in  the  main  circuit,  or  one  or  both  may  be 
in  a shunt  circuit.  The  resistance  may  be  fan 
blades  or  paddles  working  in  licpud. 

*1,027.— J.  A.  Berly,  London.  Electric  Lamps. 

4d.  March  10. 

Candles  — This  relates  to  a carbon  formed  of 
two  separate  “candles,”  and  to  means  of  estab- 
lishing the  arc.  An  automatic  switch  for  changing 
the  candles,  and  a switch  operated  by  compressed 
air,  are  also  included  in  the  specification,  but  in  the 
absence  of  drawings  the  arrangements  cannot  be 
well  understood. 

1,040. — A.  A.  Common  and  H.  F.  Joel,  London. 

Electric  Lamps.  6d.  (17  figs.)  March  10. 

Arc  Lamp. — This  relates  to  a device  for  estab- 
lishing and  controlling  the  arc  and  other  devices 
for  feeding  and  regulating  the  length  of  arc.  Fig.  1 
is  a sectional  elevation  and  Fig.  2 a plan  of  one 
form  of  lamp  somewhat  similar  to  that  described  in 
Specification  No.  .308  of  1870.  C is  the  core  of  a 
differential  solenoid  M,  taking  hold  of  a lever  L, 
cari'ied  by  two  anns  W on  the  shaft  P.  The  lever 
has  a toe  which,  when  the  lever  is  raised,  bites 
against  the  wheel  D,  and  acts  as  a pawl  to  turn 
the  said  wheel.  E is  the  upper  carbon  and  E' 
the  lower.  AYhen  the  current  is  sent  through  the 
thick  coil  of  the  solenoid  and  through  the  carbons, 
the  core  C is  drawn  upwards,  lifting  the  lever  L 
and  turning  the  disc  D,  and  with  it  the  pinion  F. 
The  motion  of  the  pinion  raises  the  rack  R and 
the  upper  carbon,  establishing  the  arc.  When  the 
current  begins  to  fall  the  shunt  coil  forces  down 
the  core  and  lever  L,  thereby  releasing  the  w heel 
1),  and  allowing  the  upper  carbon-holder  to  slide 
down  as  fast  as  the  fluid  in  the  cylinder  Pi  can 
escape  through  a fine  hole  drilled  through  the 
piston  P.  When  the  arc  is  at  its  normal  length, 
the  lever  is  again  raised,  gripping  and  retaining  the 
wheel  D.  Fig.  .3  is  a modification  in  which  two 
coils  m m are  combined  with  one  double  core  C, 
the  two  sets  of  discs  D,  the  gripping  levers  L 
being  as  before.  In  this  arrangement  a forward 
movement  is  given  to  one  of  the  levers,  so  that  it 
never  releases  its  carbon  until  the  other  pair  of 


carbons  is  'consumed.  Fig.  4 is  a sectional  view 
of  a similar  lamp,  but  with  two  clamps  H Hi  grip- 
ping a rod  E,  the  adjustment  being  made  by 
screws  S Si.  Fig.  5 shows  an  additional  device  for 
effecting  a more  delicate  feed  than  that  of  the  lamp 
in  Fig.  1.  Here  an  adjustable  spring  K is  fitted  to 


the  lever  L,  so  as  to  control  the  revolution  of  the 
disc  when  the  lever  falls.  Fig.  6 is  a modification 
of  Fig.  1,  in  which  the  tripping  of  the  bell-crank 
lever  T is  so  arranged  that  the  arm  IV  rests  by 
means  of  a pin  «•  upon  the  top  of  the  vertical  arm 
T ; any  additional  fall  of  L causes  the  projection 
at  its  end,  under  the  pivot  /,  to  press  against  the 
vertical  arm  T and  push  it  away,  thus  releasing  M' 
and  momentarily  restoring  the  gripping  lever  L to 
its  former  position.  This  allows  the  feed  to  take 
place  with  a very  small  movement  of  the  core,  and 
yet  provides  for  the  full  action  at  starting.  Fig.  7 
shows  another  form  of  the  gripping  lever  L.  Figs. 
8 and  9 give  sectional  elevation  and  a plan  of  a lamp 
with  wheel  gearing  to  regulate  the  rise  and  fall  of 
the  rack.  On  the  axle  of  1'  is  hinged  a frame 
W,  W’,  W-,  the  other  end  of  which  is  attached  to 
the  core  C.  The  upward  movement  of  the  core 
lifts  the  frame  and  gear,  and  first  slightly  raises 
the  rack  before  the  train  revolves.  A further  up- 
ward movement  brings  the  rim  of  the  end  wheel 
])-  into  contact  with  the  adjustable  spring  K and 
brakes  the  whole  train,  the  rack  R being  then 
lifted  as  in  the  previous  lamps.  The  reverse  action 
takes  place  upon  the  core  falling,  and  the  move- 
ment of  the  carbon  is  thus  controlled.  'I'he  in- 
ventors propose  using  this  as  a controlling  lamp  for 
regulating  any  desired  number  of  simple  and  inex- 
pensive lamps  ; thus  when  the  frame  W is  at  its 
lowest  point  it  can  be  caused  to  make  contact 
momentarily  and  complete  the  circuit  of  a wire 
connected  to  the  electro-magnets  of  any  number  of 
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lamps,  ill  such  a manner  that  at  the  moment  when 
an  electric  current  is  sent  into  the  coils  of  the 
electro-magnets,  it  is  made  to  release  all  the  top 
carbons,  allowing  them  to  drop,  and  on  the  cessa- 
tion of  the  current,  to  be  again  raised. 

Semi  - Incandescence  Lamp.s. — The  invention 
further  relates  to  semi-incandescence  lamps  of  the 
Werdermanii  type,  such  as  were  described  in 
Specification  No.  5,157  of  1879,  and  consists  princi- 
pally in  means  for  maintaining  the  carbon  in  con- 
tact with  the  metal  pole.  This  is  accomplished  by 
using  an  electro-magnet  of  higli  resistance,  con- 
nected as  a shunt  across  the  burning  carbon,  the 
armature  of  which  serves  to  separate  the  jaws 
through  which  the  cai'bon  passes.  In  a modifica- 
tion, the  body  of  the  lamp)  consists  of  a split  tube, 
one  half  fi.xed  to  the  nipple  and  block  at  its  top, 
the  other  half  being  hinged  and  in  contact  with  a 
side  arm  carrying  the  lower  electroile.  Each  half 
of  the  tube  is  a distinct  conductor.  The  hinged 
half  is  secured  by  means  of  a button  and  catch. 
Before  the  tube  can  be  opened  this  catch  piece 
must  be  tinned  and  brought  into  contact  with 
the  other  half,  thus  short-circuiting  the  lamp.  A 
chandelier  arrangement  is  described  and  illus- 
trated in  which  the  suspension  cords  form  the 
conductors. 

1,097.— J.  H.  Job  nson,  London.  (La  Sodeti- 
Anonyme  la  Force  el  la  Lnmiere, Society  Ginirale. 
d' Elect ricite,  Paris.)  Voltaic  Batteries,  &c. 
6d.  (11  figs.)  March  14. 

Secondary  B.atteries. — The  metallic  cells  are 
formed  as  hollow  truncated  cones  and  are  packed 
one  within  the  other  with  their  smaller  ends  down- 
wards. Metallic  contact  is  prevented  by  non-con- 
ducting packing  pieces,  and,  when  two  liquids  arc 
employed,  by  felt  envelopes. 

1,107. — W.  R.  Lake,  London.  (B.  Barda,  Vienna). 
Electrical  Bath  Apparatus.  Gd.  (4  figs.) 
March  14. 

Generator. — An  “electric  machine”  is  used  to 
supply  the  currents  to  pilates  placed  in  various  parts 
of  the  bath. 

1,119. — S.  Pitt,  Sutton,  Surrey.  (0.  Luyo,  New 
York,  U.S.A.)  Telegraphy.  lOd.  (Gfigs.) 
March  15. 

Conductors. — To  obviate  the  effects  of  induction 
the  I’eturn  wire  is  wound  helically  round  the  other 
conductor,  and  is  of  such  a section  that  its  total 
I'esistance  is  equal  to  that  of  the  line  wire.  For 
mechanical  reasons  the  return  conductor  is  com- 
posed of  several  wires. 

*1,232. — H.  E.  M.  D.  C.  Upton,  Newcastle-on- 
Tyne.  Electric  Lamps.  2d.  March  21. 


Incandescence  La.mp. — The  inventor  “rests  the 
end  of  a vertical  carbon  upon  two  studs  or  rollers, 
■which  are  the  terminals  of  the  conductors  to  ami 
from  the  lamp.” 

1,235. — G.  A.  Tambourin,  Marseilles,  France. 

Apparatus  for  Electric  Lighting.  Gd. 

(2  figs.)  March  21. 

Electric  Lk;ht. — This  relates  to  the  separate 
and  direct  production  of  electric  lights  at  different 
and  distant  points  by  means  of  compressed  air 
or  other  fluids,  which  are  compressed  at  a central 
station,  and  conducted  through  conduits  at  a pro- 
per pressure  to  the  interiors  of  the  lamp-posts. 


where  these  fluids  work  small  motors  of  any  suit- 
able construction  attached  to  dynamo  - electric 
generators.  A A are  the  pumps,  F is  the  receiver, 
H the  pressure  pipe,  M the  motor,  and  L the 
dynamo-electric  generator  situated  in  the  base  of 
the  lamp-post. 


l, 236. — J.  A.  Berly,  London.  Electric  Lamps, 

&C.  8d.  (21  figs. ) March  21. 

Arc  Lamp. — The  figures  illustrate,  in  elevation 
and  plan,  the  principle  of  the  invention,  a is  a 
fixed  carbon -holder,  and  h a movable  holder  oscil- 
lating on  a spring  hinge,  and  connected  to  the 
armature  d of  the  high  resistance  electro-magnet 

m,  which  is  situated  on  a shunt  circuit.  When  the 


arc  is  not  established,  the  current  passes  round 
the  magnet,  which  attracts  its  armature  and  moves 
the  one  carbon  into  contact  with  the  other,  thus 
opening  a direct  path  for  the  greater  part  of  the 
current,  which  pi’actically  leaves  the  magnet,  allow- 
ing the  carbon  to  resume  its  vertical  attitude. 

Candles. — The  specification  illustrates  the  ap- 
plication of  the  above  principle  to  a similar 
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lamp  for  burning  several  sets  of  candles,  also 
a Jamin  and  Wilde  lamp  eacli  controlled  in  the 
same  way.  Further,  it  describes  a method  of 
automatically  switching  a fresh  candle  into  cir- 
cuit in  lamps  of  the  Jablochkoff-Gadot  descrip- 
tion by  connecting  one  pole  of  each  of  the  candle 
holders  in  parallel  arc  to  the  leading  wire,  and 
fixing  a return  wire  to  each  remaining  carbon 
in  such  a way,  that  when  a candle  is  nearly  con- 
sumed the  wire  melts  off  it,  and  the  current  is 
free  to  choose  a fresh  path  through  one  of  the  un- 
lighted candles.  As,  however,  this  result  is  not 
always  attained,  in  consecpience  of  the  current 
dividing,  an  alternate  method  is  provided  com- 
prising a rotating  armature  actuated  at  intervals 
by  air,  water,  or  electricity  from  the  central 
station. 

1,240. — E.  G.  Brewer,  London.  (T.  A.  Edixon, 
New  Jersey,  U.S.A.)  Armatures  for  Elec- 
tric Machines.  6d.  (.3  figs.)  March  21. 

Dvnamo-Electric  Gener.\tor. — The  object  is 
to  furnish  means,  additional  to  those  of  Patent 
No.  3,964  of  1880,  for  easily  removing  and  re- 
placing one  or  more  coils  of  the  armatures  of 
dynamo- electric  generators.  For  the  generative 
portions  of  the  armature,  coils  of  wire  or  naked 
bars  are  employed,  electrical  connection  from  each 
bar  to  the  corresponding  bar  on  the  opposite  side 
of  the  armature  being  made  through  discs.  If 
each  longitudinal  set  of  wires,  or  each  bar,  be 
considered  as  one  coil,  a series  of  discs  equal  in 
number  to  half  the  coils  is  used  at  each  end  of  the 
armature.  Referring  to  the  illustrations,  which 
are  diagrammatic  in  tlieir  character,  A (Fig.  1) 
represents  a disc  at  the  commutator  end  of  the 
armature,  and  B a disc  at  the  other  end.  Each 
disc  A has  a hole  punched  out  of  the  centre,  and  a 


finger  c bent  out  at  right  angles  to  the  commutator 
block  H.  In  Fig.  2 two  only  of  such  fingers  are 
shown,  for  sake  of  clearness,  connected  to  discs 
Nos.  1 and  3.  D is  a core,  not  shown  in  Fig.  2,  of 
insulated  discs  of  soft  iron.  Supposing  the  upper 
bar  E (Fig.  2)  to  be  moving  through  the  polar  space 
oLthe  magnetic  field,  a current  would  traverse  it, 
say,  from  left  to  right,  enter  tire  disc  2 by  the  lug 
J),  cross  the  disc,  and  return  by  a bar  not  shown. 


but  immediately  behind  the  lowest  bar  E to  the 
disc  3,  and  then  two  paths  would  be  open  to  it, 
one  by  the  tongue  c to  the  commutator  and  tire 
other  through  the  second  bar  E attached  to  tire 
disc  3.  The  same  would  occur  in  each  pair  of  bars 
and  discs,  the  course  of  the  current  beirrg  similar 
to  that  in  a Siernerrs  low-terrsion  gerrerator  for- 
plating. 

1,257. — S.  Pitt,  Sutton,  Surrey.  {W.  B.  Espeut, 
Jamaica).  Laying  Telegraph  Wires.  6d. 
(4  figs.)  March  22. 

Conductors. — Undergroitrrd  wires  are  carried 
rraked  in  a tirbe  of  porcelaitr,  either  laid  directly 


in  the  soil  or  enclosed  withirr  iron  tubing.  The 
various  lengths  are  securely  jointed  together,  and 
X pieces  are  provided  at  irrtervals  to  perrrrit  of 
branches  being  led  out.  The  illustration  is  a cross- 
section  of  the  tube,  A A beirrg  the  wires. 

1,358. — R.  Harrison  and  C.  Blagburn,  New- 
castle-on-Tyne.  Electric  Lamps.  6d.  (4figs.) 
March  26. 

Semi-Incandescence  Lamp. — A carbon  rod  is 
kept  continuously  in  contact  with  a block  of  re- 
fractory material  towards  which  it  is  fed  upwards 
between  two  grooved  rollers  near  its  point.  The 
rollers  are  caused  to  turn  arrd  press  against  the 
carbon  by  cords  attached  to  a descending  weight. 
When  the  carbon  rod  is  corrsurned  the  lamp  is 
short-circirited  by  the  carbon-holder  making  con- 
tact with  a pin  metallically  connected  to  the  other 
pole. 

1,384. — W.  R.  Lake,  London.  (-4.  G.  Ilolcomhe, 
DanielsonviUe,  Connecticut,  U.S.A.)  Electric 
Lighting  Apparatus.  6d.  (6  figs.)  March 
29. 

Arc  Lamp. — The  peculiarity  of  this  lamp  consists 
in  its  containing  no  electro -magnetic  apparatus. 
The  regulation  is  controlled  by  the  attraction  or  re- 
pulsion of  electric  currents  traversing  insulated  con- 
ductors. The  upper  carbon  c runs  down  by  gravity 
as  soon  as  the  brake  wheel  c is  released  from  con- 
tact with  a block  carried  on  the  lever  f,  which 
is  actuated  by  tlie  attraction  of  two  fiat  coils 
one  fixed  and  the  other  movable,  the  stroke  of  the 
movable  coil  being  limited  by  an  adjustable  stop. 
The  arc  is  established  l>y  tlic  solenoids  m and  ?))'. 
The  carbons  and  solenoids  form  one  circuit,  and  the 
fiat  coils /*/■’  a second  or  shunt  circuit  acting  on 
the  well-known  dili'crential  principle.  The  ends 
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of  the  carbons  are  combined  witli  pyrotechnic 
composition  to  give  notice  when  they  are  nearly 
consumed. 


*1,393. — J.  H.  Thomson,  Shoeburyness.  Elec- 
tric Drills.  2d.  March  29. 

Motor. — Two  concentric  drills  revolving  in 
opposite  directions  are  impelled  by  a small  electro- 
motor engaging  with  bevel  gearing  placed  upon 
their  spindles. 

1,412. — J.  Scott  and  W.  H.  Akester,  Newcastle- 
on-Tyne.  Manufacture  of  Carbons  for  In- 
candescent Electric  Lamps.  2d.  March 
31. 

IxcANOE.scENCE  Lamps.  — The  filament  is  made 
from  brushmaker’s  fibre,  called  “kitool,”  the 
piasiva  fibre  being  preferably  used.  This  is  drawn 
through  a conical  tube  having  a knife  edge  at  the 
'smaller  end.  A number  of  fibres  so  treated  are 
placed  together  and  bent  to  the  desired  shape,  and 
baked  to  set  them  to  this  shape,  after  which  they 
are  carbonised  in  the  usual  manner. 


1,422. — W.  Crookes,  London.  Production  of 
Electric  Light.  4d.  March  31. 

Incandescence  Lamp.  — The  inorganic  con- 
stituents of  the  cellulose  is  removed  from  carbon 
filaments  by  exposing  them,  in  the  form  of  thin 
rods,  either  before  or  after  carbonisation,  to  the 
action  of  dilute  hydrochloric  or  other  suitable  acid, 
or  by  heating  the  carbon  to  whiteness  in  free 
chlorine.  The  residual  gas  is  removed  by  enclosing 
in  the  bulb,  or  in  a chamber  connected  to  the  bulb, 
a gas-absorbing  substance,  such  as  thorina,  heated 
to  a degree  below  redness,  or  the  residual  gas  may 
be  one  that  is  readily  taken  up  by  some  special 
absorbent. 


1,447.— C.  W.  S iemens,  Westminster.  {Siemens 
and  Ilahke,  Berlin).  Electric  Machines.  Oil. 
(7  figs.)  April  1. 

Dynamo-Electric  Generators. — Tlie  essential 
feature  of  this  invention  consists  in  combining 
together  to  form  a continuous  current  separate 
electrical  impulses  that  are  generated  immediately 
after  one  another  at  different  parts  of  the  generator, 
whereas  in  generators  of  present  construction  such 
combination  can  only  be  effected  with  impulses  gene- 
rated in  consecutive  magnetic  fields.  Figs.  1 and  2 
show  a generator  for  the  production  of  intermittent 
currents  of  like  or  of  alternate  direction.  On  the 
fixed  frames  B B are  an  even  number  (ten)  of 
electro-magnets  C.  The  pole  of  each  magnet  is  of 
opposite  name  to  the  pole  of  the  magnet  facing  it 
and  to  poles  on  each  side  of  it,  so  that  between  each 
pair  of  facing  poles  there  is  a powerful  magnetic 
field.  Through  these  magnetic  fields  are  caused  to 
revolve  bobbins  S S of  insulated  wire  wound  on 
wooden  cores  of  elongated  shape  fixed  on  a wlieel. 
If  the  nmnlier  of  the  coils  S be  the  same  as  that  of 


the  magnets  C,  as  hitherto,  then  all  the  coils  have 
currents  induced  in  them  simultaneously  as  they 
approach  and  leave  the  successive  magnetic  fields. 
According  to  the  present  invention,  however,  the 
number  of  coils  S is  made  to  differ  by  an  even 
number  from  that  of  the  fields  G through  which 
they  pass  ; in  the  illustration  there  are  eight  coils 
and  ten  fields.  The  effect  of  this  is  that  every  pair 
of  diametrically  opposite  coils  is  always  in  the  same 
phase  of  induction,  each  successive  pair  being  sub- 
ject to  a greater  or  less  inductive  influence,  as  the 
case  may  lie.  Tlius  the  current  attains  its  maximum 
or  minimum  strength  successively  in  each  pair  of 
diametrically  opposite  coils.  The  wires  of  all  the 
coils  are  connected  to  form  a continuous  circuit, 
whilst  they  are  wound  alternately  in  opposite  di- 
rections, the  impulses  in  all  the  coils  thus  becoming 
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added  together.  The  axi.s  carries  a commutator 
I of  ordinary  construction,  consisting  of  forty 
insulated  plates  divided  into  five  groups  of  eight, 
each  plate  being  separated  from  the  next  of  its 
own  group  by  seven  intermediate  plates.  This 
grouping  is  effected  by  eight  insulated  rings  r fixed 
on  the  axis,  to  each  of  which  five  of  the  commutator 
plates  arc  connected  by  five  wires  <1,  and  as  the 
rings  r are  connected  each  to  the  wire  joining  two 
successive  coils,  the  successive  groups  of  commu- 
tator plates  correspond  in  order  with  the  successive 
connections  of  the  coils.  The  diagram,  Fig.  3, 
illustrates  the  action  of  the  generator.  The  outer 
sipiares  a h represent  ten  stationary  fields  of 
alternate  polarit}',  and  the  inner  ellipses  a h re- 
present eight  coils  that  revolve  through  them. 
The  divided  circle  between  these  represents  the 
commutator,  having  its  forty  plates  arranged 
in  five  groui)S,  each  numbered  1 to  8.  The 
numbers  1,  2,  3,  &c.,  between  the  ellipses  indi- 
cate the  wires  that  lead  from  the  connecting 
wire  of  each  pair  of  adjoining  coils  to  the  rings  r, 
and  thence  to  the  commutator  plates.  Thus  wire  1 
is  connected  through  its  rings  to  all  the  plates 
marked  3,  wire  2 to  all  the  plates  marked  8,  and 
so  on.  The  arrows  marked  respectively  + and  - 
indicate  the  brushes.  All  the  coils  approaching  the 
magnetic  fields  are  marked  with  the  same  letters,  a 
approaching  a and  h approaching  h,  have  currents 
set  up  in  them  in  one  direction  indicated  by  the 
arrows  a,  anil  all  the  coils  approaching  fields  marked 
l)y  different  letters,  a approaching  h or  h ajiproaching 
a,  have  currents  set  up  of  opposite  direction,  indi- 
cated by  arrows  y.  There  will  always  therefore  be 
in  every  situation  of  the  coils  as  they  revolve  a 
diametrically  dividing  line,  such  as  }>  m,  towards 
one  end  of  which  there  will  be  an  accumulation  of 
positive  and  towards  the  other  end  of  negative 
electricity.  As  shown,  this  line  passes  through  4 
and  8,  and  as  the  brushes  rul)  on  the  corresponding 
plates  4 and  8 of  the  commutator  they  take  off  the 
accumulated  electricity.  The  imaginaiy  line  p m 
always  moves  round  in  a direction  opposite  to  that 
of  the  commutator,  and  with  such  greater  velocity 
that  the  brushes  are  always  in  the  proper  position 
to  receive  the  currents.  Tlic  number  of  coils  might 
be  doubled  by  arranging  them  in  two  places  over- 
lapping each  other,  as  shown  by  Figs.  0 and  7,  the 
connections  being  in  that  case  arranged  as  in  Fig.  .5, 
in  which  the  arrows  indicate  the  directions  of  the 
currents  to  and  from  the  several  coils,  and  the 
numbers  marked  on  the  lines  connecting  the  coils 
indicate  the  connections  through  the  rings  to  tlie 
respective  commutator  plates,  which  in  this  case  are 
eighty  in  number.  Instead  of  collecting  the  currents 
from  a number  of  coils  together,  each  separate  coil 
might  be  arranged  to  deliver  its  current,  and  these 
currents,  which  would  be  alternating,  might  be  col- 


lected into  a curre  of  constant  direction,  in  the 
manner  shown  in  Fig.  4.  This  invention  applies  to 
other  forms  of  generator  than  the  one  shown,  and 
also  to  magneto-electric  and  electro-dynamic  motors, 
the  characteristic  feature  being  the  combining  with 
an  even  number  of  stationary  magnetic  fields  of 
alternate  polarity,  a number  of  revolving  alternately 
oppositely  wound  coils  differing  by  two  or  other 
even  number  from  the  number  of  fields,  the  wires  of 
the  coils  being  all  connected  to  each  other  and  to 
the  commutator. 

*1,474. — J.  C.  Mewburn,  London.  (./.  Bourdin 
and  S.  A.  d('  Mallzoff,  Pari/i.)  Apparatus  for 
Laying  Underground  Telegraphic  or 
Telephonic  Conductors.  2d.  Aprils. 

Conductors. — A plough  carries  a reel  on  which 
the  conductor  is  wound,  and  as  it  is  unwound  by 
the  action  of  the  plough  it  passes  through  a hole  in 
a share  into  the  bed  which  the  nose  of  the  share 
prepares  for  it,  a trailing  roller  replacing  the  sod. 

1,526. — J.  D.  F.  Andrews,  Westminster.  Elec- 
tric Lamps,  &c.  Gd.  (12  figs.)  April  7. 

Arc  Lamp.s. — This  refers  to  Patent  Xo.  2,321  of 
1879,  which  related  to  lamps  having  discs  or  plates 
of  carbon  fixed  at  a little  distance  apart  parallel  to 
each  other,  the  voltaic  arc  being  presented  at  their 
edges.  Fig.  1 shows  a disc  lamp  according  to  the 
present  invention.  The  lower  disc  has  a conntersunk 
central  hole  c and  is  connected  to  the  conductors 
at  its  outer  edge,  while  the  other  disc,  which  has 
no  hole,  is  connected  to  the  conductor  at  its  centre 
or  at  its  edge.  The  aix  presents  itself  at  the  edge 
of  the  countersunk  hole  and  moves  round  it  as  tlie 


it  by  the  inductive  action  of  a neighbouring  coil 
or  magnet.  Also  both  cai-bons  may  have  central 
countersunk  holes  and  be  connected  to  the  con- 
ductors at  their  outer  edges.  When  parallel  plates 
of  cai'bon  are  used  they  arc  connected  to  the  con- 
ductors at  their  opposite  edges,  one  extending 
beyond  the  other.  AVhen  two  plates  arc  employed, 
the  one  fixed  and  the  other  movable,  the  lamp 
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takes  tlie  form  shown  in  Fig.  2.  The  current 
traverses  a magnet  of  wliieh  the  core  is  divided 
longitudinally  into  two  parts  a and  h ; these  are 
mutually  repelled  when  the  current  passes,  and 
one  of  them  being  pivotted  and  carrying  the 
movable  carbon,  the  arc  is  established.  This  form 
of  magnetic  core  is  applicable  to  other  purposes 
than  regulating  lamps.  Fig.  .3  shows  a lamir 
for  feeding  ordinary  cylindrical  carbons.  The 
upper  carbon  a is  held  in  a guide  tube  h ; an 
electro-magnet  c,  placed  in  the  lamp  circuit,  has 
facing  it  an  armature  d,  whicli  is  kept  away  from 
it  by  an  adjustable  spring  e.  The  armature  has  two 
arms  f,  between  which  is  pivotted  a semicircular 
bush  g and  a U shaped  yoke.  A spring  on  the 
armature  lever  bears  against  the  tail  of  the  yoke, 
tending  to  cant  the  yoke  into  an  inclined  position, 
its  canting  movement  being  limited  by  a stoj). 
When  the  lamp  is  put  in  circuit  the  armature  is 
attracted  and  the  yoke  canted  so  as  to  pinch  the 
tube  and  raise  it  to  form  the  arc.  As  the  current 
falls  off  the  grip  of  the  yoke  is  released  and  the 
carbon  slides  down.  In  a modification  a double 
clutch  feed  is  employed,  and  also  an  arrangement 
whereby  a resistance  is  inserted  into  the  circuit 
when  the  lamp  is  extinguished.  This  is  accom- 
plished by  a high  resistance  magnet  attracting  its 
armature  in  opposition  to  a spring,  and  so  com- 
pleting a by-pass  circuit  in  which  the  resistance 
is  placed. 

1,536. — J.  L.  A.  Dupont-Auberville,  Paris.  (!'. 

Ddaye,  Paris.)  Electric  Lamps.  6d.  (3  figs.) 

April  8. 

Arc  Lamp. — Each  carbon  pencil  i is  pressed  by 
a weight  and  cord  q q against  a refractory  non- 


conducting abutment  y.  The  arc  is  formed  between 
the  two  electrodes,  which  are  gradually  forced 
towards  the  abutments  as  they  waste. 

1,543. — St.  G.  Lane  Fox,  London.  6d.  (1  fig.) 

Electric  Lamps.  April  8. 

Incandescence  Lamp.— The  illustration  shows 
ill  vertical  section  a lamp  constructed  according  to 
this  inv'ention.  a is  the  globe,  h h mercury  tubes 
with  enlargement  JT  b'  to  facilitate  the  escape  of 
air  when  the  mercury  is  poured  in,  d is  cotton  wool, 
e plaster-of-paris,// conducting  wires,  gg  platinum 
wires  fused  into  the  bottoms  nn  of  the  tubes  fi. 


and  extending  into  the  mercury,  and  r r blocks  of 
plumbago  or  carbon  drilled  with  holes  to  receive 


the  wires  g and  the  ends  of  the  filament,  the 
contacts  in  each  case  being  made  with  Indian  ink. 

1,596.— A.  W.  L.  Reddie,  London.  (II.  Sedtaczel- 
and  F.  Winklill,  Leohen,  Austria).  Electric 
Lamps.  6d.  (16  figs.)  April  12. 

Arc  Lamps. — This  invention  relates  to  the  feed 
mechanism  of  lamps  having  their  carbon-holders 
supported  on  fluid  in  closed  vessels  communicating 
with  each  other  at  their  lower  parts.  The  regula- 
tion may  be  effected  by  the  direct  action  of  a 
centrifugal  governor  driven  by  the  engine,  or  by 
an  electro-magnet  or  solenoid.  In  the  former  case 
the  arrangement  is  based  on  the  fact  that  as  the 
resistance  of  the  arc  increases  so  does  the  speed  of 
the  engine,  and  vice  versd.  A lamp  on  this  principle 
is  shown  in  Figs.  3 and  4,  in  which  each  of  the 
electrodes  is  canned  by  a piston  .3  or  4.  In  the  base 
of  the  apparatus  and  between  the  two  cylinders  is 
a socket  a with  a brass  plug  b,  the  two  being  pro- 
vided with  ports  n rd  and  c c'.  The  plug  is  operated 
by  a disc  g and  a lever  connected  to  the  sleeve  of  a 
centrifugal  governor.  As  soon  as  the  engine  is  set 
in  motion  the  disc  g will  be  caused  to  turn  on  its 
axis  by  the  rod,  and  with  it  the  plug  will  move, 
carrying  the  opening  c gradually  past  the  corre- 
sponding opening  n of  the  box  a until  it  has  closed 
the  same,  and  thereupon  the  communication  of  the 
two  cylinders  on  the  side  next  the  positive  pole  will 
be  cut  off,  the  hollow  plug  b being,  however,  during 
its  further  rotation  still  in  communication  with  the 
negative  cylinder  2 through  the  large  opening  c’ 


cliv 


Abstracts  of  Patents. — 1881. 


and  the  passage  As  tlie  rotation  continues,  wings 

on  the  plug,  sliding  upwards  on  correspondingly 
inclined  surfaces  on  the  case,  will  lift  the  plug 
(Fig.  3).  The  rising  of  the  plug  causes  the  negative 
electrode  to  fall  to  a corresponding  extent,  whereby 
the  voltaic  arc  is  formed.  When  the  velocitj'  of 
the  engine,  in  conseejuenoe  of  the  consumption  of 
the  carbon  points,  readies  such  a degree  that  the 
small  slot  of  tlie  plug  between  c and  c'  comes  in 


front  of  the  passage  w,  and  thereby  re-establishes 
communication  between  the  two  cylinders  1 and  2, 
the  carbon  points  will  then  approach  each  other 
until  the  rotation  of  the  engine  becomes  slower, 
and  the  plug  is  moved  to  break  the  communication. 
A further  set  of  inclines  is  provided  to  come  into 
action  if  tlie  carbons  break  and  a very  rapid  feed  is 
required.  Figs.  1 and  2 illustrate  a lamp  governed 


by  an  electro-magnet  with  an  armature  having  a 
small  range  of  motion  balanced  by  a short  spring 
acting  through  a long  lever.  As  soon  as  a suffi- 
ciently powerful  current  passes  through  the  coil  of 
the  electro-magnet  and  the  carbons  (then  in  con- 
tact), the  piston  6,  by  means  of  the  link  13,  will  be 
drawn  backwards,  and  the  holes  11  of  the  cock  will 
be  closed,  while  the  space  8 at  the  rear  of  the 
piston  will  be  increased,  causing  the  negative 
carbon  to  fall  and  produce  the  arc.  As  the  current 
decreases  the  piston  returns,  establishing  commu- 
nication between  the  two  cylinders  through  the  port 
1 1 , the  groove  12,  and  the  pipe  below.  When  several 
lamps  are  used  in  series  the  electro-magnet  is 
replaced  by  differential  solenoids. 

1,636. — St.  G.  Lane  Fox,  London.  Apparatus 
for  Producing  Motion  by  Electricity,  &c. 
6d.  (2  figs.)  April  14. 

Current  Regulator. — This  iirvention  refers  to 
apparatus  in  which  an  electrometer  or  electro- 
dynamometer connected  between  the  main  con- 
ductors and  the  earth,  such,  for  example,  as  those 
described  in  Specifications  Nos.  3,988  and  4,626  of 
1878,  is  employed  to  actuate  a motor  which  is 
caused  to  control  the  commutators  of  secondary 
batteries,  or  the  actions  of  rheostats,  or  for  other 
purposes  in  distributing  electricity,  m m are  tu  o 
electro-magnets,  the  circuits  of  which  are  respec- 


tively completed  by  an  electrometer  or  electro- 
dynamometer  when  the  electromotive  force  in  the 
mains  rises  or  falls  beyond  a given  limit.  These 
two  coils  are  connected  in  joint  circuit.  Fig.  2,  with 
a third  electro-magnet  9?d,  liaving  a trembling 
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annatnrc  provided  with  a pawl  nC,  gearing  into  the 
ratchet  wliecl  j)i’.  When  the  circuit  of  either  one 
of  tlie  electro-magnets  m m is  completed,  the  arma- 
ture of  «i'  is  set  in  action,  and  one  or  other  of  the 
wheels  m’’  or  is  put  in  gear  with  pinion  m®,  until 
the  necessary  adjustment  has  been  effected. 

1,653. — J.  H.  Johnson,  London.  (Societi  la  Force 
et  la  LumUre,  Socidte  Gcncralc  d’Electricite, 
Bntmds).  Electric  Lamps.  8d.  (22  figs.) 

April  14. 

Ixc.'VNDKscEXCE  Lamp. — To  obtain  sufficient  re- 
sistance in  an  incandescence  lamp  without  the  use 
of  an  attenuated  conductor,  the  inventor  divides 
the  filament  in  several  places,  letting  the  parts  lie 
in  contact  with  each  other,  the  “augmentation  of 
tlie  resistance  being  directly  in  proportion  to  the 
number  of  divisions.”  In  Fig.  1,  a a is  the  filament 
of  carbon,  iridium,  or  other  suitable  material  held 
between  platinum  terminals  A A,  and  divided  into 
sections  as  shown.  Fig.  2 shows  such  a filament 
set  horizontally  in  an  exhausted  globe  between  two 
spring  arms.  Fig.  3 is  an  example  of  a semi-incan- 


descence lamp  to  burn  in  the  open  air  ; ccc  are 
carbon  rods  impelled  towards  a common  point  by 
the  weight  p2^  ; A B are  the  two  terminals  of  the 
lamp  between  which  the  current  passes,  making  its 
way  transversely  across  the  carbon  rods  and  heat- 
ing them  to  the  necessary  degree.  Various  forms 
and  adaptations  of  the  filament  are  described  and 
illustrated. 

1,670. — G.  S.  Grimstone,  New  Cross,  Kent. 

Electric  Lamps.  6d.  (5  figs.)  April  16. 

Aec  Lamp.  — Fig.  3 is  a sectional  plan  on 
lines  X X of  the  lamp  shown  in  elevation  in 
Figs.  1 and  2.  To  the  soft  iron  core  A,  moving 
in  the  solenoids  of  high  and  low  resistance  B C, 
is  pivotted  one  end  of  a lever  D,  which  has  its 
fulcrum  on  the  fixed  bracket  E,  and  has  pivotted 
to  its  other  end  the  suspended  frame  F,  having  two 
loops  FI  F-,  through  which  passes  freely  the  carbon- 
holder  G.  The  holder  is  held  in  the  said  loops  by 
the  action  of  an  eccentric  locking  piece  H,  pivotted 


to  the  frame  and  weighted  by  an  arm  If,  so 
as  to  press  the  carbon-holder  against  the  sides 
of  the  loops  F'  F-.  Thus,  as  the  core  A rises, 
owing  to  the  increased  attraction  of  the  solenoid 
of  high  resistance  C,  consequent  on  the  burning 
away  of  the  carbons  S,  the  frame  F,  and  with  it 
the  carbon-holder  and  upper  carbon,  will  descend 
until  tlie  arm  H'  of  the  locking  piece  comes  in  con- 
tact with  the  stop  K,  whereupon  a slight  further 
descent  of  the  frame  will  cause  the  eccentric  H to 
be  turned  by  its  arm  H*,  so  as  to  free  the  carbon- 


holder,  which  will  then  descend  by  gra^dty  through 
the  loops  F’  F’,  its  descent  being  regulated  by  the 
action  of  the  loosely  fitting  piston  L in  the  hollow 
carbon-holder  filled  with  glycerine.  V^hen  the 
arc  is  sufficiently  reduced  in  length,  the  sole- 
noid B will  raise  the  frame  and  bring  the  arm  Hi 
off  the  stop  K.  N is  a spring  to  balance  the  excess 
of  weight  of  the  solenoid.  In  some  cases  it  is 
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attaclicil  to  a coni  which  unwimls  from  a barrel  as 
the  carbon  consumes.  The  carl)on-hohler  (1  has  a 
crossliead  G',  in  which  are  secured  two  upper  car- 
bons S'  S'.  On  first  starting  the  lamp  the  current 
will  pass  through  one  pair  of  carbons,  and  as  that 
pair  burns  away  the  dowmvard  motion  of  the  holder 
will  cause  tlie  second  pair  to  approach  nearer  than 
the  first  pair,  the  current  will  then  be  transferred 
to  the  second  pair.  Thus  the  current  will  alter- 
nately pass  by  each  pair  of  carbons  until  botli  pairs 
are  consumed. 

1,676. — J.  H.  Johnson,  London.  (C.  A.  Faure, 
Paris).  Secondary  Electric  or  Galvanic 
Batteries.  Cd.  (10  figs.)  April  16. 
f Secondary  Batterie.s. — This  invention  relates 
to  means  for  supporting  the  active  substance  against 
the  surface  of  the  element  in  the  battery  described 
in  Patents  No.  129  and  1,097  of  18S1.  Referring  to 
the  illustrations.  Fig.  1 represents  a cell  in  which 
a lead  plate  A,  prepared  by  receiving  a layer  B of 
suitable  composition,  such  as  oxide  of  lead,  is  con- 
nected to  a sheet  C of  permeable  material,  pre- 


ferably felt,  by  means  of  clips  or  rivets  D of  lead. 
In  Fig.  2 the  sheet  C is  secured  to  the  plate  A by 
stitching  with  thread  or  twine.  When  narrow 
plates,  prepared  on  both  sides,  as  in  Fig.  .3,  are 
used,  the  composition  is  supported  by  folding  the 
sheet  C round  the  plate  A liaving  the  layers  B 
interposed,  the  edges  of  the  sheet  being  sewn 
together.  Fig.  4 illustrates  the  invention  applied 
to  a battery  of  flat  lead  plates  arranged  parallel  to 
each  other.  They  are  covered  wdtli  tlie  active  sub- 
stance on  one  side  and  applied  to  the  partitions  L to 
impart  to  them  the  necessary  rigidity.  The  par- 
titions are  inserted  in  a trough  and  divide  it  into 
cells.  The  invention  further  describes  a battery  of 
pyramidal-shaped  cells  packed  within  each  other. 

1,683. — A.  M.  Clark,  London.  {A . irAiwiac,  St. 
Fleur,  France.)  Electrical  Apparatus  for 
Signalling  on  Railways.  Sd.  (.)  figs.) 
April  16. 

Conductor. — A metallic  rod  laid  between  the 


rails  forms  a conductor,  by  wdiich  signals  can  be 
exchanged  between  the  train  and  other  trains  or 
stations. 

1,685. — A.  M.  Clark,  London.  (.7.  M.  A.  Gerard- 
Le.scuycr,  Paris.)  Electric  Lamps  or  Regu- 
lators. Sd«  (9  figs.)  April  18. 

Arc  Lamp. — This  invention  relates  to  various 
ariangements  of  electric  lamps  in  which  a small 
arc  is  produced,  thus  effecting  the  di\  ision  of  the 
electric  light.  In  Figs.  1 and  2,  A is  a guide  upon 
which  slides  a frame  B C carrying  a solenoid  II  of 
fine  w'ire,  through  which  passes  freely  the  brass 
carbon -holder  E,  carrying  at  its  upper  end  a 
soft  iron  armature  F.  Tlie  carbon-holder  E is 
suspended  by  a spring  G from  a small  bracket  H 
carried  on  the  plate  C,  so  that  the  armature  is  a 
few  millimetres  above  the  upper  end  of  the  solenoid. 
A second  armature  K has  a jaw  L,  which  is  caused 
by  the  spring  M to  bind  against  the  guide  A.  The 
upper  carbon  is  fixed  in  the  holder  E,  and  passes 
through  guide  rollers.  The  lower  is  carried  by  the 
bracket  S.  The  current  passing  through  the  shunt 
circuit  of  the  solenoid  causes  the  armatures  K F to 
be  attracted,  at  the  same  time  releasing  the  grip 
j of  the  jaw’  L and  allowing  the  bracket  B to  descend 
until  the  carbons  meet.  The  current  is  thus 
diverted  from  the  solenoid,  and  the  two  armatures 
are  w’ithdrawn  by  their  springs,  the  one  causing 
the  jaw  L to  again  binil  against  the  guide  A,  and 


thus  arrest  the  descent  of  the  bracket  B,  and  the 
other  causing  the  upper  electrode  to  be  raised  to 
produce  the  arc.  A modified  form  of  this  lamp  is 
also  described  in  w'hich  the  carbon-holder  is  retained 
by  the  friction  of  a screw'  point  forced  against  it  by 
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:i  spring  and  released  at  intervals  by  an  electro- 
magnet. Fig.  shows  another  modification  in 
which  the  carbons  slide  in  two  guides  A 15.  Be- 
tween them  is  another  guide  in  which  slides  a 
solenoid  F,  having  at  its  lower  end  an  armature  L 
adapted  to  bind  against  the  guide  P,  and  at  its 
upper  end  an  armature  for  effecting  the  separation 
of  the  carbons.  Al'hen  the  current  traverses  the 
shunt  coil  it  is  released  from  the  guide  and  drops 
down  the  slide  carrying  the  carbons  before  it  until 
they  meet ; the  coil  then  becomes  inert,  and  the 
lower  armature  grasps  the  guide,  while  the  upper 
one  raises  the  bar  FI  and  separates  the  carbons.  In  a 
still  further  modification  the  descent  of  the  upper 
carbon  is  controlled  by  a tightly  fitting  piston  to 
which  the  carbon  is  attached,  sliding  in  a cylinder, 
a partial  vacuum  being  formed  by  the  descent  of 
the  carbon  and  piston. 

1,696. — S.  Pitt,  Sutton,  Surrey.  {<).  Lu(jo,  New 
York,  U.S.A.)  Telegraphy.  Gd.  (2  figs.) 
April  19. 

CoNDUCTOKS. — To  enable  two  independent  cir- 
cuits to  be  worked  simultaneously  through  the 
same  “compound  conductor,”  two  insulated  parallel 
conductors  forming  one  circuit  have  the  two  in- 
sulated conductors  forming  the  second  circuit 
w'ound  helically  around  them. 

*1,699. — J.  Wetter,  London.  {/?.  S.  Jeniibujx, 
Baltimore,  Mas><.,  U.S.A.)  Block  Signalling 
for  Railways,  &c.  2d.  April  19. 

Electric  Light. — The  passage  of  a train  over  a 
predetermined  spot  switches  on  an  electric  lamp. 

*1,745. — C.  D.  Abel,  London.  (P.  Jahlochkoff, 
Pnrix.)  Electrical  Batteries.  (2d.)  April  22. 

Secondary  Batteries. — In  these  secondary 
batteries  the  acting  electrodes  are  covered  with 
an  oily  or  resinous  body.  They  may  be  made  of 
spirally  wound  plates  of  metal  immersed  in  oil,  or 
of  baskets  of  perforated  metal  filled  with  coke  and 
immersed  in  oil. 

1,762. — J.  A.  Fleming,  Cambridge.  Prepara- 
tion of  Materials  for  Electric  Insulation. 
Gd.  (1  fig.)  April  2.3.  . 

Ixsul.ating  Material. — The  material  is  made 
from  wood  deprived  of  its  moisture  in  any  ordinary 
way,  and  impregnated  under  pressure  with  paraffin 
wax  or  with  a mixture  of  paraffin  wax  and  resin. 

1,783. — E.  G.  Brewer,  London.  {T.  A.  Edison, 
New  Jersey,  U.S.A.)  Measuring  Electric 
Currents.  Gd.  (4  figs. ) April  25. 

Current  Meter.— In  his  Patent  No.  4,391  of 
18S0  the  inventor  described  a weber  meter  consist- 


ing of  an  electro-depositing  cell  j)laccd  in  a shunt 
to  the  main  circuit,  so  that  a definite  proportion 
of  the  current  passed  through  the  cell,  and  left 
a record  of  its  ipiantity  in  the  amount  of  metal 
deposited  upon  one  plate  of  the  cell.  In  use,  the 
resistance  of  the  cell  and  consetpiently  the  amount 
of  current  passing  through  it  decreases  with  an 
increase  of  temperature,  and  to  obviate  this  defect 
the  shunt  is  formed  of  two  parts,  the  resistance  of 
one  of  which  increases  as  that  of  the  other  de- 
creases under  changes  of  temperature.  Supposing 
the  second  resistance  to  be  a coil  of  copper  wire 
and  the  first  to  be  a 20  per  cent,  solution  of  sulphate 
of  copper,  then  the  variations  of  the  two  would 
balance  each  other  if  the  resistance  of  the  wire 
rvere  three  times  as  great  as  that  of  the  solution. 
Two  cells  are  used,  in  one  of  which  the  deposition 
takes  place  with  greater  rapidity  than  in  the  other. 


Fig.  1 is  a front  elevation  of  a box  or  case  con- 
taining two  cells  which  constitute  a meter  ; Fig.  2 
shows  two  cells  with  diagram  of  circuit  connec- 
tion ; F'ig.  3 is  a detailed  view  in  section  of  a 
portion  of  a cell.  In  Fig.  1 the  inner  door  D 
covering  the  cell  C is  kept  locked,  while  the 
outer  door  is  always  open  for  inspection.  In 
F'ig.  2,  1 and  2 are  the  main  conductors  from  which 
a derived  circuit  3,  4 leads  into  the  house  in 
which  the  meter  B C is  placed  for  measuring  the 
current  passing  through  the  house.  Resistances 
R R’  deflect  portions  of  the  current  into  the  shunt 
circuits,  5,  G and  7,  8,  the  resistance  R^  being  less 
than  R,  so  that  a greater  current  passes  through  B 
than  C.  S are  the  compensating  resistances  of 
fine  copper  wire.  Fig.  3 shows  how  one  of  the 
plates  may  be  withdrawn  to  be  weighed  by  slacken- 
ing the  thumbscrew  H ami  raising  the  plate 
through  the  slot  f. 

1,787. — A.  M.  Clark,  London.  (H.  J.  Midler  and 
A.  Levett,  New  York,  U.S.A.)  Dynamo- 
Electric  Machines.  Is.  4d.  (13  figs.)  April 

25. 

Dynamo-Electric  Generator. — The  object  is 
(1)  to  provide  a generator  so  constructed  that 
separate  currents  may  be  produced,  one  of  which 
may  be  used  to  excite  the  field  magnets,  and  at  the 
same  time  to  perform  work  in  the  external  circuits, 
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whereas  tlie  other  currents  perform  work  in  the 
external  circuits  only,  and  these  different  currents 
from  the  same  generator  may  be  of  various  degrees 
of  strength.  (2)  To  facilitate  the  separation  of 
the  armature  coils  from  the  fixed  magnet  coils, 
and  to  provide  a form  of  wheel  that  will  pro- 
duce a current  of  air  to  prevent  overheating 
of  the  coils.  Referring  to  the  illustration,  the 
armature  rotates  between  two  sets  of  field  magnets, 
of  which  there  are  six  in  each  set.  The  magnet 
cores  are  connected  by  brass  plates  O'  to  0",  and 
are  coupled  together  in  one  circuit  by  means  of  a 


Fig.  1 Fig.  2 


Fig.  3 

wire  L,  which  proceeds  from  the  terminal  N',  tra- 
verses the  whole  of  the  magnets  in  succession, 
and  goes  in  the  form  of  a coil  R to  the  lower  brush 
of  tlie  first  commutator  I'.  From  the  other  brush 
H'  of  the  same  commutator  a wire  extends  to  the 
terminal  P.  Tlie  armature  wheel  has  eighteen 
coils  designated  .1'  to  J-‘.  These  coils  are  di- 
vided into  three  groups  of  six  each,  that  is,  as 
many  as  there  are  field  magnets,  in  the  follow- 
ing manner : A wire  K'  connects  all  the  coils 
.Ti  J'  J*  for  each  group,  while  the  coils  .1-  for  each 
group  are  connected  by  a wire  K^,  and  the  coils  .J'’ 
are  connected  by  a wire  K-’.  These  wires  pass  to 
the  respective  commutators  I'  I-  I-'.  Each  commu- 
tator consists  of  six  segments,  arranged  concentri- 
cally within  a flanged  ring  a (Fig.  3) ; the  segments 
1,  3,  and  5 are  connected  with  each  other,  and  the 
segments,  2,  4,  and  C are  also  connected  with  each 
other.  The  wire  K'  connects  the  segments  1,  3, 
and  5 of  the  commutator  I',  and  the  coils  .J'  ,J'  .1' 
of  an  armature  coil  group  with  each  other,  and 
passes  back  to  the  commutator,  and  connects  the 
segments  2,  4,  and  fi  of  the  commutator  I'.  In  like 
manner  the  wire  K-  connects  the  segments  1 , 3, 
and  5 of  the  commutator  I-,  the  coils  J-  J-  J-,  and 
the  segments  2,  4,  and  0 of  the  commutator  I',  and 


so  on.  The  armature  coils  are  so  arranged  that  the 
moment  they  leave  one  field  magnet  one-eighth  of 
their  cross  section  covers  the  next  adjoining  mag- 
net, as  shown  in  Fig.  2.  The  specification  further 
describes  a generator  provided  with  a relay  and 
resistance  for  causing  the  reverse  or  secondary  cur- 
rent orginating  in  the  solution  of  a plating  bath  to 
pass  through  the  magnets  in  the  same  direction  as 
the  main  current. 

1,802.  — P.  Jensen,  London.  (7'.  A.  Edixon, 
Nf'iv  Jerxey,  U.S.A.)  Electric  Lights,  &c. 
lOd.  (22  figs.)  April  26. 

Incande.scence  Lamp.s. — This  invention  relates 
to  lamps  so  arranged  that  the  act  of  placing  them 
into  their  sockets  completes  the  circuit  of  the  irre- 
spective terminals  and  conductors.  Fig.  1 is  an 
example  of  one  form  of  lamp  and  socket.  Two 
metal  rings  a h are  fixed  on  the  neck  B,  one  of 
them,  n,  being  formed  into  a male  screw  thread  ; 
from  these  rings  the  wires  3,  4 lead  to  the  clamps 
c c of  the  filament.  Upon  the  interior  of  the 
socket  is  an  internally  screwed  metal  band  con- 
nected to  one  of  the  main  conductors,  the  other 
conductor  being  connected  to  the  contact  breaker  c. 
Instead  of  forming  one  of  the  rings  into  a screw 
thread  it  may  be  made  concave  and  held  by  spring 
finger  pieces  in  the  socket ; or  the  insulated  neck 


Fig.  1 


Fig.  2 

may  be  slightly  bevelled  and  have  two  concavities, 
one  on  either  side,  in  the  bottoms  of  which  are 
metal  plates  connected  to  the  filament.  Spring 
fingers  attached  to  the  socket  enter  these  con- 
cavities and  make  the  necessary  contacts  while 
they  secure  the  lamp.  Each  lamp  is  provided  with 
a contact  breaker  C,  by  which  it  may  be  turned 
in  or  out  as  desired.  In  this  appliance,  which  is 
shown  in  section  in  Fig.  2,  is  a bush  screwed  into 
the  lamp  socket,  carrying  the  spindle  x ending 
in  the  contact  point  u.  'Phis  spindle  is  constantly 
pressed  forwards  by  a spring,  its  motion  being  re- 
strained by  a pin  y,  which,  as  the  handle  1>  is 
rotated,  drops  into  one  or  other  of  two  cross 
grooves,  one  only  of  which  is  sufficiently  deep  to 
allow  the  point  of  the  spindle  to  come  in  contact 
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with  tlic  tcnninal  of  the  lamp.  The  invention 
further  relates  to  inserting  a piece  of  lead  wire  in 
the  lamp  circuit  so  that  in  case  of  an  abnormal 
current  the  lead  melts  and  destroys  the  connec- 
tion ; also  to  methods  of  suspending  shades  so 
that  the  fittings  shall  not  cast  a shadow,  and  of 
constructing  brackets  and  chandeliers  for  electric 
lamps  similar  in  general  design  to  those  already 
employed  for  gas. 

1,809. — W.  R.  Lake,  London.  (P.  D.  Dclany, 

Nrw  York,  U.S.A.)  Telegraphic  Cables. 

8d.  (18  figs.)  April  26. 

C0XDCCTOR.S. — The  illustrations  show  one  form  of 
cable  made  according  to  this  invention.  The  wires 
C C are  strained  through  insulating  distance  pieces 
in  a tube,  the  space  between  them  being  filled  up 
with  powdered  mica.  In  some  cases  an  inner  tube 
serves  for  the  circulation  of  a heating  medium  to 


dissipate  any  moisture  which  may  have  condensed 
on  the  wires  ; in  other  cases  the  wires  pass  through 
the  inner  tube,  and  the  annular  space  serves  for 
the  passage  of  the  heating  medium.  The  specifi- 
cation describes  various  methods  of  laying,  carry- 
ing, and  ramming  such  pipes.  The  tubes  may 
be  placed  in  wooden  troughs  above  ground  or  in 
subterranean  channels.  The  insulating  compound 
is  forced  into  the  tubes  by  air  pressure. 

1,835. — H.  d.  Haddan,  London.  (C.  F.  BrurJi, 
Cleveland,  Ohio,  U.S.A.)  Current-Gover 
nors  for  Dynamo-Electric  Machines.  6d. 
(.3  figs.)  April  28. 

Dyn-^mo  - Electric  Gexer.\tors. — The  object 
of  this  invention  is  to  produce  constant  currents 
from  dynamo -electric  generators  working  under 
variable  external  conditions  without  varying  the 
speed  of  their  armatures.  This  is  effected  b.y 
exciting  the  field  magnets  by  a shunt  current  from 
the  main  conductors,  and  interposing  a variable 
shunt  across  the  magnet  coils.  Fig.  1 shows  the 
governor  in  section,  while  Fig.  2 shows  it  applied 
to  a generator.  The  operation  of  the  device  is  as 
follows  : the  binding  posts  j)  n,  forming  the  ter- 
minals of  the  shunt  circuit,  are  connected  with 
the  field  magnets  of  the  generator.  The  course 
of  the  shunt  circuit  is  then  from  the  post  p, 
through  the  piles  H H,  formed  of  carbon  discs, 
and  the  outer  portion  of  the  solenoid  coil  E to  the 
post  n.  The  posts  P N are  put  in  the  working 
circuit  of  the  generator  in  such  a manner  that  the 
main  current  shall  pass  through  the  helix  E in 
the  same  direction  as  the  shunt  current.  The 


weight  c is  so  adjusted  that  when  the  generator 
is  working  to  its  full  capacity,  and  the  normal 
current  is  passing  through  its  portion  of  the  helix 
E,  the  magnetism  of  the  core  is  just  sufficient  to 
sustain  the  lever  D without  subjecting  the  piles  to 
pressure.  If  the  resistance  of  the  external  circuit 
be  now  lessened  the  current  will  be  increased  in 
the  helix  E,  and  the  core  drawn  upwards  compre.s- 


sing  the  piles  H H.  Current  will  then  be  shunted 
from  the  field  magnets  until  the  main  current  falls 
to  its  original  strength.  Some  increase  of  current 
strength  is,  however,  required  to  maintain  the 
pressure,  but  to  render  this  as  little  as  possible  the 
shunted  current  is  made  to  pass  through  a portion 
of  the  helix  E.  The  piston  of  the  dash-pot  has  a 
valve  in  it  which  allows  the  lever  D to  fall  suddenly 
but  retards  its  rising. 

1,852. — H.  J.  Haddan,  London.  (L.  Somzie, 
Brusseh).  Electric  Lighting  Apparatus. 
2d.  April  29. 

Arc  Lamp. — “The  voltaic  arc  is  produced  in 
any  convenient  mode,  and  the  powdered  excitant” 
(i.e.  charcoal,  &c. ) “ supplied  to  it,  as  and  when  re- 
quired.” This  relates  also  to  passing  an  electrical 
current  through  a gas  flame. 

1,856. — A.  W.  L.  Reddie,  London.  {J.  JluneMk, 
Paris.)  Construction  of  Railways.  6d. 
(4  figs.)  April  29. 

C0XDCCTOR.S. — This  invention  relates  to  a com- 
posite rail,  especially  adapted  for  the  reception 
within  it  of  electrical  conductors.  A continuous 
chair  is  used  consisting  of  a base-plate  having  two 
vertical  checks,  the  upper  part  of  the  space  between 
which  is  occupied  by  the  web  of  the  rail,  the 
lower  part  being  utilised  for  the  reception  of  the 
conductors. 

1,873. — W.  T.  Henley,  Plaistow.  Telegraph 
Cables,  &c.  6d.  (13  figs.)  April  30. 

Conductors.  — The  conducting  wires  are  em- 
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bedded  in  bands  or  belts  of  insulating  material  and 
may  be  paeked  in  troughs  underground,  or  be  made 


in  the  form  of  coils  and  carried  overhead.  In  the 
latter  case  steel  wires  are  introduced  in  connection 
M'ith  the  copper  ones  to  give  the  necessary  strength 
to  the  whole. 

1,918. — E.  G.  Brewer,  London.  (T.  A.  EiHson, 
New  Jersey,  U.S.A.)  Manufacture  of  Car- 
bon Conductors  for  Incandescent  Electric 
Lamps.  4d.  May  3. 

Incandescence  Lamps. — In  Patents  Nos.  4,576 
and  5,127  of  1879,  578  and  3,765  of  1880,  and  562  of 
1881,  are  described  various  methods  of  manufac- 
turing incandescing  carbon  filaments  with  the 
(jualities  of  flexibility  and  high  resistance.  The  pre- 
sent invention  is  to  furnish  a method  by  which  such 
filaments  can  be  made  of  graphite  or  plumbago, 
graphitoid'il  silicon,  boron,  zirconium,  and  the 
like.  The  material  used  is  reduced  to  an  impal- 
pable powder  and  pressed  into  sheets  in  a die  box. 
The  density  is  varied  according  to  the  pressure 
employed,  and  the  resistance  regulated  by  the 
amount  of  pulverised  carbon  mingled  with  the 
“basic  material.”  When  the  materials  have  little 
or  no  cohesion  they  are  made  into  a paste  by  a 
fluid  having  in  solution  a hydro-carbon,  the  men- 
struum being  one  tliat  is  readily  evaporable.  From 
sheets  thus  prepared  tlie  filaments  are  stamped, 
after  they  have  been  heated  to  incandescence  in 
hydro-carbon  vapour. 

1,922. — J.  B.  Rogers,  London.  Electric  Lamp. 
6d.  (10  figs.)  May  3. 

•Semi-Inc.vnde.scence  Lamp.  — In  lamps  con- 
structed according  to  this  invention,  the  carbons 
are  caused  to  adjust  themselves  and  to  bring  their 
points  into  electrical  contact  either  by  their  own  or 


by  an  applied  weight,  the  points  bearing  against 
an  asbestos  or  other  non-combustible  stem.  In  the 
illustration,  which  shows  a typical  form  of  lamp. 


the  two  carbons  A B,  are  set  at  an  angle  in  sockets 
C C,  and  permitted  to  slide  until  their  points  D E 
come  into  contact  with  the  strip  of  asbestos  F. 
“ The  sockets  or  tubular  portions  C C are  in  elec- 
trical circuit  when  the  strip  of  metal  G,  which  is 
articulated  at  H,  rests  across  and  in  contact  with 
the  two  carbons  A B.” 

1, 94-2. —J.  Brockie,  London.  Electric  Arc 
Lamps.  6d.  (10  figs.)  May  4. 

Arc  Lamp. — Two  magnets  or  solenoids  are  placed 
in  each  lamp,  one  in  the  main  and  the  otiier  in  a 
shunt  circuit.  The  second  magnet  releases,  retards, 
or  stops  the  feeding  train,  while  the  first  magnet 
separates  them,  and  at  the  same  time,  by  its  motion, 
tightens  or  slackens  the  spring  against  M'hich  the 
second  solenoid  acts,  so  that  when  a strong  current 
exists  in  the  main  circuit  the  first  magnet,  in 
additioir  to  directly  lengthening  the  arc,  will 
tighten  the  said  spring.  By  this  arrangement  the 
lamp  becomes  self  regulating,  and  may  be  worked 


with  currents  of  various  powers  without  adjust- 
ment or  regulation.  When  the  solenoids  are 
arranged  as  iir  the  figure,  and  the  main  current 
from  any  cause  becomes  diminished,  the  solenoid 
A will  reduce  the  tension  of  the  feeding  spring  1), 
and  thus  compensate  for  the  simultaneous  weaken- 
ing of  the  influence  of  the  shunt  magnet  B,  while  at 
the  same  time  it  brings  the  lower  carbon  a little 
nearer  the  upper  one,  reducing  tlie  length  of  the 
arc  and  adjusting  the  feeding  gear  to  the  decreased 
strength  of  current.  The  core  of  the  solenoid  A is 
of  iron  in  the  upper  half  only,  and  is  pulled  down- 
rvards  against  a spring  not  shown.  The  shunt 
solenoid  B actuates  a brake  K upon  the  upper 
holder  II.  The  lever  of  this  brake  plays  between 
two  stops  S'  S-.  the  lower  of  rvliich  forms  an  abut- 
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incnt  which  allows  the  lower  solenoid  core  as  it 
moves  lip  and  down  to  diininisli  or  increase  the 
tension  of  the  feeding  spring  D.  The  descent  of 
the  carbon  is  retarded  by  a dash-pot  or  a train  of 
wheels.  In  a modification  the  lower  carbon-holder 
forms  the  core  piece  of  a solenoid  placed  in  the 
main  circuit.  The  specification  illustrates  the  in- 
vention as  applied  to  lamps  with  various  forms 
of  regulating  gear  and  with  moi’e  than  one  set  of 
carbons. 

1,943. — E.  G.  Brewer,  London.  {T.  A.  Edison, 

Xew  Jersey,  U.S.A.)  Electric  Lighting. 

4d.  (1  fig. ) May  4. 

Inc-\nde.scence  Lamp.s. — When  a number  of 
lamps  are  fed  by  currents  from  a main  kept  at  a 
constant  jiotential,  and  one  lamp  is  taken  as  a 
standard,  the  others  may  be  constructed  to  give 
a smaller  light  by  diminishing  their  radiating  sur- 
faces and  increasing  their  resistances  in  definite 
piroportions.  Thus  supposing  a lamp  to  give  16- 
candle  power  under  the  normal  potential,  then,  if  a 


lamp  having  half  its  radiating  surface  and  twice  its 
resistance  be  substituted  for  it,  a light  of  eight- 
candle  power  will  be  given,  and  so  on.  In  the 
figure,  1,  2 are  the  main  conductors  with  lamps  4, 
8,  16  coupled  in  multiple  arc. 

1,961. — P.  Higgs,  New  York,  U.S.A.  Mag- 
neto-Electric Machines.  lOd.  (14  Figs.) 
May  5. 

Dyn.\mo-Electric  Generators. — Fig.  1 is  a pier- 
spective  view  of  the  generator,  and  Fig.  2 is  a detail 
view  explanatory  of  the  construction  of  the  armature, 
which  is  of  the  Gramme  type.  Each  of  the  spools 
E E is  wound  separately  and  then  the  whole  are 
built  up  into  a continuous  ring  by  connecting  their 
end  flanges  to  the  arms  or  spokes  projecting  from 
the  boss.  Plates  of  mica  c.  Fig.  2,  are  interposed 
between  the  bobbins  to  prevent  the  circulation  of 
induction  currents.  The  field  magnets  are  formed 
of  soft  iron  bars  F F,  around  which  the  exciting 


coils  are  wound  ; these  coils  may  be  extended 
around  the  parallel  pieces  d connecting  the  cores 
with  the  common  pole-pieces  f.  At  each  of  the 
ends  of  the  pole-pieces  is  a termination  of  peculiar 


form  marked  G,  such  that  when  four  of  these  are 
placed  together  they  constitute  a hollow  circular 
tube  in  which  the  armature  revolves,  a narrow 
slot  being  left  for  the  passage  of  the  spokes  D. 
The  armature  coils  may  be  wound  in  series  or  in 
multiple  arc  and  be  connected  to  a single  com- 
mutator, or  they  may  be  wound  so  as  to  pro- 
duce two  or  more  distinct  currents,  and  be  con- 
nected to  two  or  more  commutators  to  supply 
currents  circulating  in  independent  fields.  The 
commutator  is  a cylinder  of  insulating  material 
pierced  with  holes  for  rods  of  copper  which,  as 
they  wear  under  the  destructive  action  of  the 
spark,  can  be  set  up  afresh  to  the  face  of  the 
cylinder.  The  specification  illustrates  by  diagram 
several  ways  of  connecting  the  field  magnets  in 
series  and  parallel  to  each  otlier,  and  also  methods 
of  connecting  up  the  field  magnets  when  one  gene- 
rator is  driven  by  the  current  from  another,  and 
also  when  a number  of  lamps  are  supplied  from 
one  machine.  The  earth  is  preferably  used  as  a 
return.  The  radiation  of  heat  from  the  line  wire 
is  assisted  by  attaching  metallic  plates  having 
large  surfaces.  The  conducting  wires  are  made 
from  an  alloy  of  steel,  aluminium,  and  silver. 

1,968. — W.  R.  Lake,  London.  (iV.  Boidiguine, 

Paris).  Electric  Light  Apparatus.  fid. 

(4  figs.)  May  5. 

Arc  Lamp. — This  lamp  has  six  pair  of  carbons, 
the  arc  being  formed  in  the  first  instance  between 
any  one  pair,  and  after  burning  there  for  a time 
moving  to  another  pair,  and  so  on.  Referring  to 
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the  drawings  tlie  current  traverses  the  coils  of  the 
electro-magnet  d,  and  then  goes  by  the  spindle  B 
to  the  carbon-holders  Jl,  of  which  there  is  one  at 
the  end  of  each  of  the  six  arms  of  the  wheel  K. 
After  crossing  the  arc  it  proceeds  to  one  of  the  fixed 
carbon-holders  F,  and  away  to  the  conductor.  At 
the  commencement  the  spring  rotates  the  spindle 
B and  brings  each  of  the  carbons  I into  contact  with 
one  of  the  carbons  vi.  On  the  passage  of  the  cur- 
I’cnt  the  electro  magnet  tends  to  cause  the  armatui'e 
to  jilace  its  axial  line  jrarallel  to  the  axial  line  of 
the  magiret,  Ihus  rotating  the  spindle  and  moving 


the  carbons  out  of  contact.  The  arc  will  thus  be 
established  between  one  pair,  and  as  they  burn  they 
will  gradually  approach  each  other  until  those  of 
another  pair  touch,  when  the  arc  will  leave  the 
first  pair,  and  be  established  between  the  second 
pair  and  so  on.  It  is  stated  “ that  the  last  pair  of 
carbons  will  burn  for  twice  as  long  a time  as  the 
preceding  ones,  as  it  will  bo  the  longest ; thus  the 
consumption  or  wear  of  the  j)airs  of  carbons  will  be 
almost  loxodromic.” 

*2,013. — A.  Masson,  Bordeaux.  Apparatus  for 

Generating  and  Conveying  Electricity. 

2d.  May  9. 

Dynamo-Electkic  Gex£r,\tor. — “ The  applica- 
tion of  an  earth  current  to  a dynamo  machine  for 
regulating  the  path  of  electricity  generated,  com- 
bined with  the  application  of  dualised  wires,”  is 
stated  to  be  the  nature  of  the  improvement.  “An 
insulating  medium  composed  of  cement  mixed  with 
powdered  iron  ” is  used.  The  generator  consists  of 
two  .sets  of  metal  discs,  one  set  fixed  to  a support 
and  the  other  mounted  on  a revolving  plate,  “all 
such  discs  being  furnished  with  projecting  magnets 
made  to  interlace  withoiit  touching  one  another.” 


2,033. — H.  J.  Haddan,  London.  (7?.  J.  Quicker, 
Biditz-Bkda,  Austria).  Electric  Lighting 
Apparatus.  6d.  (5  figs.)  May  10. 

Arc  Lamp. — The  feed  of  the  carbons  is  regulated, 
and  the  arc  established  by  the  same  electro-magnet, 
which  acts  directly  on  the  upper  carbon-holder, 
and  holds  or  releases  it  without  the  intervention  of 
wheels,  catches,  or  grippers.  The  electro- magnet 
is  carried  in  trunnions,  around  which  it  can  oscillate 
to  strike  the  arc.  Referring  to  the  illustration,  the 
current  enters  the  magnet  D at  the  trunnions, 
traverses  the  coil,  and  escapes  partly  through  the 
spring  E to  the  negative  terminal,  and  partly  to 
the  upper  carbon-holder,  and  across  the  arc.  As 
soon  as  the  magnet  is  excited  it  attracts  the  iron 
stem  F of  the  carbon-holder,  while  at  the  same  time 
its  other  end  moves  towards  the  fixed  armature  H. 


Each  end  of  the  magnet  is  rounded  to  the  arc  of  a 
circle  whose  centre  is  at  the  trunnions,  conse- 
quently, when  it  moves,  its  left-hand  face  rolls  over 
the  stem  F,  raising  or  lowering  it  as  if  the  two  con- 
stituted a rack  and  pinion.  J acts  as  a m.agnctic 
brake  to  control  the  speed  of  the  oscillations.  As 
the  carbons  burn  away  the  magnet  gradually  rises 
at  its  right-hand  end  until  it  reaches  the  stop  L, 
after  which  any  further  decrease  of  current  causes 
the  attraction  by  which  the  stem  F is  held  to  be 
lessened  until  it  slips  past  the  face  of  the  magnet, 
and  so  reduces  the  arc.  A thin  covering  of  brass  is 
interposed  between  the  magnet  and  the  surfaces 
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that  slide  over  it.  Several  of  these  lamps  may  be 
idaccd  in  parallel  circuit  and  burnt  from  one  gene- 
rator as  shown  in  Fig.  2.  Lamp  A is  first  lighted 
and  after  it  has  become  steady  the  current  is 
turned  through  B,  and  again  after  a short  interval 
through  C,  and  so  on,  tlic  lamps  mutually  aiding 
in  the  regulation  of  each  other.  In  order  to  have 
the  resistance  equal  throughout  the  circuit  the  area 
of  the  lower  leading  wire  between  A and  B is  only 
two-thirds  that  of  the  main  lead,  while  between  B 
and  C it  is  only  one-third.  In  the  upper  lead  these 
conditions  are  revei’sed.  The  specification  gives  a 
diagram  showing  this  arrangement  extended  to 
twelve  lamps  in  three  parallel  circuits  of  four  each. 

*2,079. — C.  H.  Gimingham,  London.  Electric 
Lamps,  &c.  2d.  May  12. 

Incandescence  Lamps. — This  relates  to  the 
method  of  inserting  the  conductors  carrying  the 
filament.  This  is  done  by  passing  the  conductors 
through  a short  conical  tubular  glass  stopper 
ground  to  fit  the  stem  of  the  glass  bulb,  and  filling 
up  the  space  with  “vacuum  cement”  made  of  a 
mixture  of  beeswax  and  resin.  The  conductors  are 
severed  and  then  twisted  together,  the  twisted 
parts  being  embedded  in  the  cement. 

2,198. — C.  D.  Abel,  London.  (IF.  Tschikoleff and 
II,  Kleiber,  St.  Peterslmrg).  Electric  Lamps, 
fid.  (fifigs.)  May  19. 

Arc  Lamp. — The  arc  is  established  and  the 
carbons  continuously  adjusted  by  two  small  electric 


motors  combined  with  the  usual  mechanism  of  a 
lamp.  These  motors  oppose  each  other,  one  tend- 


ing to  increase  and  the  other  to  decrease  the  arc, 
the  former  being  placed  in  the  main  circuit,  and 
the  latter  in  a shunt  circuit  between  the  lamp 
terminals.  Figs.  2 and  3 arc  two  elevations  of  the 
mechanism.  E and  E‘  are  two  small  .Siemens 
electro-motors,  each  having  two  field  magnets  with 
extended  pole-pieces  surrounding  its  annatnre. 
Both  armatures  are  fixed  on  the  same  spindle  on 
either  side  of  a worm  e,  which,  througli  inter- 
mediate wheels  raises  and  lowers  the  rack 
attached  to  the  upper  carbon-holder.  The  leading 
wire  b,  as  shown  in  Fig.  1,  is  divided  into  three 
branches,  the  first  of  which  traverses  the  field 
magnet  coils,  and  the  second  the  armature  coils  of 
E,  both  meeting  at  P and  going  through  the  carbons 
and  across  the  arc  to  the  other  lamp  terminal  II. 
The  third  branch  leads  in  succession  through  tlie 
armature  and  magnet  coils  of  E'  to  the  same 
terminal  H,  the  connections  being  so  made  that  the 
two  armatures  tend  to  rotate  in  opposite  directions. 
When  direct  currents  are  employed  one  motor 
only  need  be  used,  with  the  high  and  low  resistance 
coils  wound  side  by  side  on  its  field  magnet  cores. 
The  carbons  are  kept  in  contact  by  springs  when 
the  lamp  is  inactive. 

*2,212. — C.  A.  Barlow,  Manchester.  {A.  de 
]\Ieritens,  Paris).  Dynamo-Electric  Ma- 
chines. 2d.  May  20. 

Dynamo-Electric  Generator. — This  invention 
is  based  on  the  discovery  ‘ ‘ that  the  pole  of  a 
straight  magnet  becomes  more  intense  if  a mass  of 
metal  is  applied  to  its  other  pole.”  The  generator 
is  composed  of  two  magnetised  clusters  of  horseshoe 
form,  each  cluster  having  two  branches  with  sixty- 
four  plates.  These  branches  are  arranged  in  a 
curve  so  that  their  inner  surface  is  equidistant 
from  the  periphery  of  a ring  that  rotates  between 
them,  each  of  the  sixty-four  plates  being  laid  on 
a cylindrical  surface  formed  in  an  opening  cast 
in  an  annular  magnet  carrier,  and  in  a recess  cast 
in  a second  annular  magnet  carrier.  The  magnet 
carrier  is  of  bronze  and  the  arms  of  the  magnets 
pass  through  the  openings.  The  second  magnet 
carrier  is  of  cast  iron,  and  it  forms  the  base-plate  or 
magnetic  yoke  common  to  all  the  clusters.  Out- 
side the  bronze  magnet  carrier  on  the  driving 
shaft  is  a ring  -which  contains  sixteen  bobbins,  each 
composed  of  eighty  plates  of  soft  iron  divided  so 
that  each  bobbin  contains  in  itself  four  separate 
small  bobbins.  The  sixteen  large  bobbins  are  fixed 
to  the  small  ring,  and  the  sixty-four  small  bobbins 
are  covered  with  suitable  wire.  The  details  of  the 
commutators  are  described,  but  in  the  absence  of 
drawings  they  cannot  ivell  be  understood.  The 
inductors  of  the  generator  are  made  of  two  clusters 
of  permanent  horseshoe  magnets,  the  four  poles  of 
which  form  an  almost  complete  circle. 
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2,215. — P.  R.  Allen,  London.  Couplings  for 

Electrical  Conductors.  6d.  (21  figs.) 

May  20. 

Conductors.— To  couple  the  wires  used  as  con- 
ductors of  electricity  in  railway  trains,  the  inventor 
adapts  the  existing  brake  couplings  to  carry  the 
terminals  of  the  electrical  conductor  attached 
to  each  carriage,  the  contact  being  made  by  the 
bodies  of  tlie  couplings  themselves  or  by  spring 
plungers,  or  other  devices.  In  order  that  the  con- 
tacts may  be  kept  constantly  clean  and  free  from 
dirt,  scouring  devices  are  so  arranged  as  to  be 
brought  into  operation  by  the  act  of  coupling.  The 
illustrations  are  elevation  and  plan  of  an  electrieal 
connection  with  the  Westinghoiise  brake  coupling. 
The  electrical  contact  is  made  by  a pair  of  plungers 
B B in  connection  with  the  conductors  C C which 
extend  along  the  train  ; when  the  brake  couplings 
are  locked  together  the  plungers  are  pressed  into 
contact  by  spiral  springs.  Within  each  half  of  the 
brake  coupling  there  is  one  of  these  plungers  and 
also  a piece  of  cleaning  or  scouring  material  A.  In 
the  act  of  locking  the  coupling  each  half  turns  a 
portion  of  a revolution  on  the  other,  and  the 
plungers  before  coming  into  contact  are  caused  to 


pass  over  the  cleaning  or  scouring  material  A A, 
and  thus  the  dirt  is  removed  and  good  contact  in- 
sured. The  specification  illustrates  the  invention 
in  connection  with  the  Smith  and  Clayton  coup- 
lings, and  also  with  other  contact  devices  in  place 
of  the  plungers  B B.  It  also  describes  a cable 
coupling  consisting  of  male  and  female  parts,  the 
male  part  having  trunnions  and  a spring  plunger, 
and  the  female  part  hooks  and  a recess  for  the 
reception  of  the  plunger. 

2,217. — W.  R.  Lake,  London.  [P.  B.  Delany, 
Ncio  YorJc,  U.S.A.)  Electrical  Cables  and 
Conductors.  6d.  (8  figs.)  May  20. 

Conductors. — A number  of  discs,  pierced  with 
holes,  ai’e  threaded  on  a wire  rope.  The  conduct- 
ing wires  are  passed  through  these  holes,  the  in- 
termediate parts  of  the  discs  acting  as  distance 
pieces  to  keep  the  wires  apart. 

2,256. — W.  R.  Lake,  London.  ( W.  C.  AUisov, 
Phlladdphia,  U.S.A.)  Supporting  Struc- 
tures for  Electric  Wires  or  Conductors, 
&.C.  Gd.  (8  figs.)  May  24. 

Conductors. — These  are  carried  on  light  metal 


arches  thrown  across  the  streets  and  furnished 
with  insulators. 

2,263. — J.  C.  Cuff,  London.  Apparatus  for 

Effecting  Electrical  Measurements.  Cd. 

(G  figs.)  May  24. 

Rheostat. — The  object  of  the  invention  is 
to  simplify  and  improve  resistance  boxes.  The 
bobbins  are  wound  with  a single  wire  helically, 
the  direction  of  winding  being  reversed  in  each 
layer.  A hollow  plug  is  fitted  into  the  end  of 
each  bobbin  to  remove  it  from  the  ebonite  base- 
plate. Each  bobbin  is  supported  by  means  of  a 
brass  rod  which  passes  through  it,  and  is  suitably 
fixed  in  the  base-plate.  The  upper  end  of  this  rod 
forms  a contact  stud,  and  the  lower  end  is  flattened 
to  receive  a cross-pin,  which  retains  in  place  a 
block  of  vulcanitej;  this  block  is  pressed  against 
the  pin  by  a spiral  spring  mounted  on  the  rod, 
inside  the  bobbin,  the  cross-pin  being  connected  to 
the  coil  of  the  next  bobbin.  Over  the  brass  rods 
metal  bars  are  arranged  with  knobs  sliding  upon 
them,  which  can  be  put  in  contact  with  the  rods  to 
connect  them  to  the  bars.  The  box  is  provided 
with  a Wheatstone  bridge  and  the  connections  to 
the  terminals  are  made  in  the  usual  way. 


*2,264. — W.  C.  Barney,  London.  Cables  or 
Conductors  for  Electrical  Circuits.  4d. 
May  24. 

Conductors. — To  prevent  induced  currents  from 
neighbouring  conductors,  an  insulated  conductor 
has  a metallic  covering  which  is  insulated  from  the 
earth,  or  the  conductor  may  have  upon  it  insulated 
metallic  sleeves  about  fifty  feet  in  length,  and  sepa- 
rated by  intervals  of  ten  feet.  The  insulated  con- 
ductor and  its  metallic  covering  may  bo  encased  in 
insulating  material,  and  the  conductor  and  metallic 
sleeves  may  be  similarly  encased. 


2,272. — J.  W.  Swan,  Newcastle-on  Tyne.  Se- 
condary Batteries  or  Apparatus  for 
Storing  and  Conserving  Electricity.  4d. 
(6  Figs.)  May  24. 

Secondary  Batteries. — To  facilitate  the  con- 
struction of  secondary  voltaic  piles,  plates  arc 
employed  having  a cellular,  corrugated,  or  grooved 
surface  or  surfaces,  the  object  being  to  obtain  an 
interstitial  construction  of  plate  capable  of  aflbrding 
a very  large  amount  of  acting  surface  in  a small 
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compass,  and  to  prevent  the  coating  of  oxide  or 
spongy  lead  from  falling  away  from  the  plate,  as  it 
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would  from  a plain  vertical  surface  unless  held  in 
position  by  some  material  external  to  the  said 
coating.  The  illustration  shows  a plate  with  carriers 
a a for  the  reception  of  the  spongy  lead  ; the  outer 
surfaces  may  also  be  covered  with  the  same 
material. 

*2,304. — W.  Crookes,  London.  Manufacture  of 
Apparatus  for  the  Exhibition  of  Electric 
Light.  2d.  May  25. 

Incandescence  Lamps. — To  insure  good  contact 
between  tlie  carbon  filament  and  its  connecting 
wires,  metal  is  deposited  by  the  electrotype  process 
on  to  the  filament  and  connecting  wires  at  and 
around  the  connections. 

*2,323. — J.  H.  Johnson,  London.  [La  Sociite 
La  Force  et  la  Limiiere,  Societd  Odndrale 
iV Electridti,  Brussels).  Secondary  Electric 
Batteries.  2d.  May  26. 

Secondary  Batteries. — This  invention  relates 
to  methods  of  partitioning  or  arranging  the  elec- 
trodes for  the  purpose  of  retaining  the  products  of 
the  process  of  electrolysis  against  the  sides  of  the 
electrodes.  For  this  purpose  a porous  vessel  is 
described,  similar  to  that  mentioned  in  Patent 
No.  1,630  of  1881,  and  formed  by  folding  a sheet 
of  felt  or  other  material  in  any  suitable  number  of 
radiating  folds.  In  each  compartment  of  this 
porous  vessel  is  placed  a sheet  of  metal  capable  of 
forming  a negative  electrode.  On  the  exterior  of 
the  vessel  are  placed  plates  capable  of  acting  as 
the  positive  electrode.  All  the  internal  plates  are 
electrically  connected  and  likewise  all  the  external 
plates.  In  a modification  the  external  plates  are 
placed  in  a second  porous  vessel.  The  electrodes 
may  be  ropes  of  lead  or  zinc  wire,  the  partitions 
then  consisting  of  a gimp  of  woollen  thread. 

2,344. — P.  L.  M.  Gadot,  Paris.  Electrical 
Lighting  Apparatus.  8d.  (13  Figs.)  May  27. 

Arc  Lamp. — This  invention  relates  to  a lamp  for 
holding  candles  of  the  Jablochkoff  type,  and  for 
automatically  effecting  the  lighting  of  each  in  suc- 
cession as  the  preceding  one  is  consumed.  Figs.  1 
and  2 show  an  ordinary  cruciform  lamp  with  four 
candles,  each  of  which  is  held  between  a couple  of 
jaws.  One  jaw  of  each  couple  is  connected  to  the 
same  terminal  B ; the  other  jaws  have  each  a sepa- 
rate terminal  b.  To  each  candle-holder  there  is 
added  (1)  an  expanding  spring  D,  consisting  of  two 
or  more  metals  that  are  expanded  differentially  by 
heat ; (2)  a contact  device  C having  springs  r r in 
electric  communication  with  the  next  holder ; (3) 
an  extinguisher  E placed,  in  this  instance,  in  the 
centre  of  the  lamp  in  communication  with  the 
central  terminal  B.  The  working  is  as  follows  : 


The  spring  I)  keeps  the  piece  C out  of  contact  with 
the  inner  jaw,  but  when  the  candle  is  on  the  point 
of  going  out  the  heat  of  the  arc  causes  the  spring  to 
expand,  and  in  expanding  it  ceases  to  hold  the  clip  C, 
which,  acted  upon  by  its  springs  rr,  bears  strongly 
against  the  inner  jaw,  thus  placing  the  next  inner 
jaw  and  consequently  the  next  candle  in  the  electric 


circuit.  If  the  arc  does  not  then  leave  the  first 
candle  and  establish  itself  on  the  second,  the  spring 
continues  to  expand  until  it  touches  the  extinguisher 
E,  thus  putting  the  first  inner  jaw  in  communica- 
tion with  the  central  terminal  and  extinguishing  the 
candle.  It  is  not  necessary  that  the  current  should 
traverse  the  sprhigs  r r,  and  if  desirable,  flexible 
tongues  can  be  arranged  to  provide  a path  for  the 
current.  When  it  is  necessary  to  be  able  to  switch 
the  current  upon  the  breakage  of  a carbon,  a “cross 
circuit”  (Fig.  3)  is  employed.  In  case  of  accidents 
the  movable  contact  piece  of  the  commutator  N is 
placed  upon  the  contact  piece  corresponding  to  the 
candle  which  follows  the  broken  one.  X X repre- 
sents a resistance  coil  that  is  thrown  into  circuit 
when  the  last  candle  is  consumed.  The  specification 
further  illustrates  the  invention  as  applied  to  lamps 
in  which  each  pair  of  jaws  has  two  independent 
terminals,  and  it  also  includes  a modified  form  of 
extinguisher,  in  which  the  current  is  caused  to 
traverse  a bath  of  mercury. 

2,369. — S.  Cohne,  London.  Electric  Lamp. 

4d.  May  30. 

Arc  Lamp. — The  lamp  is  “based  on  hydrostatic 
principles.”  Within  a cylindrical  vessel  con- 
taining glycerine  there  is  placed  a suitable  float, 
which  is  submerged,  and  by  its  buoyancy  sup- 
plies the  motive  power  for  the  movement  of  the 
carbons.  It  supports  two  double  racks  secured  to 
a top  and  liottom  crossbar  forming  together  a frame 
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“worked  l>y  vertical  pinions.”  One  electrode  is 
fixed  in  each  crossbar  in  such  manner  that  they  are 
brought  opposite  to  each  otlier  point  to  point.  On 
each  of  the  two  crossbars  is  fixed  a telescopic  sliding 
tube  to  enable  the  current  to  pass  through  the 
circuit  without  interfering  with  the  motion  of  the 
electrodes.  In  the  base  of  the  submerged  vessel  is 
fixed  a “ratch”  and  opposite  to  it  a pawl,  “repre- 
senting the  feeder,”  controlled  by  an  electro-magnet. 
“ The  pawl  consists  of  a wheel  actuated  by  a cam 
attached  to  an  armature  of  an  electro-magnet.  The 
wheel  projects  so  as  to  throw  into  gear  the  ratch  of 
the  float.  When  the  current  enters  the  electro- 
magnet it  attracts  the  armature  and  with  it  the 
cam,  pushing  the  wheel  carrying  the  ratch  down- 
wards, separating  the  two  carbons.  As  soon  as  the 
current  breaks,  the  armature  becomes  released,  the 
wheel  is  free  to  revolve,  and  allows  the  ratch  to 
move  u2>  and  feed  the  carbons.”  The  arrangement 
is  difficult  of  comprehension,  as  the  specification 
contains  no  drawings. 

2,375.— H.  E.  Newton,  London.  {C.  A.  Hussey 
and  A.  S.  Dodd,  New  York,  U.S.A.)  Mag- 
neto-Electric Machines,  Magnets,  and 
Telephones.  6d.  (8  figs.)  May  31. 

Dynamo-Electric  Generator.  — A permanent 
magnet  M of  ring  form  is  enclosed  in  a case  in 
which  it  is  embedded  in  plaster-of-paris.  The  arma- 
ture A is  composed  of  a number  of  plates  arranged 
side  by  side,  “and  having  alternate  inward  and  out- 
ward projections.”  In  the  recesses  betw’een  the  out- 
ward projections  the  longitudinal  coils  of  insulated 
wire  are  wound,  the  coils  being  connected  to- 
gether, and  to  the  commutator  plates  C.  The  magnet 


is  provided  with  poles  or  consequent  points,  and  “the 
armature  travels  not  only  before  tlie  poles,  but  also 
before  the  w'hole  length  of  the  magnet,  and  through 
the  entire  field  of  force  ; hence,  electric  currents 


are  generated  throughout  its  entire  revolution.” 
The  magnet  sections  are  magnetised  by  being  placed 
in  contact  with  the  poles  of  a powerful  stationary 
electro-magnet.  The  parts  of  the  ring  “where 
north  and  south  poles  or  consequent  points  are 
desired  to  be  formed  ” are  placed  opposite  the 
soutli  and  north  poles  of  the  said  electro-magnet. 
A second  “electro-magnet,  having  its  poles  fur- 
nished with  inward  extensions,  is  arranged  so  that 
its  poles  will  correspond  with  those  of  the  first 
electro-magnet,  and  it  is  tlien  repeatedly  moved  over 
the  side  of  the  magnet  section  from  one  poi’tion  of 
the  periphery  towards  the  stationary  electro-magnet, 
and  from  a diametrically  opposite  portion  of  the 
lieriphery  towards  the  first  electro-magnet.”  The 
section  is  then  reversed,  and  the  opposite  side 
treated  in  tlie  same  way.  As  showm  in  the  draw- 
ings, the  electro-magnets  are  each  wound  so  that 
both  their  poles  are  of  the  same  name.  The  com- 
mutator plates  are  turned  up  at  one  end,  and  pro- 
vided with  poles  in  which  the  ends  of  the  coils  are 
inserted  and  secured  by  screws. 

2,394. — S.  Pitt,  Sutton,  Surrey.  (0.  Lugo,  Ncio 

York,  U.S.A.)  Electric  Circuits.  6d.  (Gfigs.) 

May  31. 


Conductors. — The  inventor  refers  to  Patent  No. 
1,119  of  1881,  and  claims  the  electric  conductor 
shown  in  the  drawing,  consisting  of  two  or  more 


solenoids  connected  together  in  series,  and  having 
the  helical  conductor  of  each  solenoid  joined  to  the 
axial  conductor  of  the  next  solenoid  in  each  direc- 
tion and  vice  versd.  The  object  is  to  neutralise 
induction. 

2,398. — R.  M.  and  W.  V.  O.  Lockwood,  New 
York,  U.S.A.  Telephones.  6d.  (3  figs.) 
May  31. 

Electro-Magnet.s. — To  enable  connections  to  be 
made  at  three  places  on  the  coil,  a short  length 
wire  is  joined  on  after  one  third  of  the  coil  has 
been  wound,  the  three  ends  being  brought  through 
perforations  in  one  of  the  end  flanges. 

2,402. — G.  Hawkes,  London,  and  R.  Bowman, 
Ipswich.  Electric  Lamps.  8d.  (8  figs.) 

May  31. 

Arc  Lamp. — The  lower  carbon  is  fed  up  liy 
mercury,  and  checked  in  its  rise  by  an  oscillating 
gripping  piece  operated  by  an  electro-magnet. 
Eig.  1 is  a sectional  plan  to  an  enlarged  scale  of 
Fig.  2.  B is  a tube  lined  with  glass,  and  con- 
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tainiiig  mercury,  in  which  the  lower  carbon-holder 
is  immersed,  its  movements  being  steadied  by  the 
perforated  leather  piston  C.  The  carbon-holder 
rises  between  the  arms  of  an  electro-magnet  E,  and 
also  throngli  a gripping  piece  F attached  to  the 
armature  K'  of  tlie  magnet.  On  the  passage  of 
current  the  arc  is  formed  by  the  upper  carbon 
holder  plate  G'  being  attracted  by  the  magnet  G 
placedin  the  lamp  circuit.  In  order  to  cause  the 
electro-magnet  E to  regulate  the  feed  with  great 
accuracy  the  following  contrivance  is  adopted  : H 
is  an  electro-magnet  in  the  lamp  circuit,  between 
one  pole  of  the  generator  and  the  lower  carbon. 
Opposed  to  this  is  a second  magnet  H’,  and  be- 
tween tlie  two  is  an  oscillating  armature  I.  “ The 
armature  H’  connects  with  the  electro-magnet  E, 
and  is  intended  to  impart  rapidly  intermittent 
currents  thereto  for  the  purpose  of  enabling  it  to 
actuate  the  oscillating  gripper  F,  and  allow  the 
carbon  C to  rise  gradually  at  an  almost  imper- 
ceptible rate.”  One  terminal  of  E is  connected  to 
the  plate  A,  and  through  the  wire  2 and  magnet  H 


to  the  generator ; the  other  terminal  of  E con- 
nects with  one  terminal  of  H^,  the  other  terminal  of 
which  is  joined  by  the  elastic  coil  i to  the  oscilla- 
ting armature  I.  An  extension  of  I bears  against  a 
fixed  stop  i connected  by  a wire  i to  the  leading 
wire  I.  As  the  arc  grows  longer  the  current  in 
the  lamp  circuit  and  the  magnet  H becomes  less, 
and  that  in  the  shunt  circuit  and  magnets  E 
and  H'  greater.  At  a certain  point  the  arma- 
ture I will  be  attracted  by  Hi,  breaking  the 
shunt  circuit  and  rendering  inert  the  two  magnets 
in  it.  This  will  momentarily  release  the  carbon- 
holder  from  the  gripper  P and  leave  it  free  to 
rise  until  the  magnet  H draws  the  armature  I 
back  against  the  contact  piece  again.  The  arma- 


ture will  continue  to  vibrate  until  the  arc  is  so 
reduced  that  the  magnet  H'  can  no  longer  draw  it 
away  from  H.  To  insure  greater  delicacy  of  adjust- 
ment, it  is  proposed  to  couple  together  the  oscillating 
armature  I and  fixed  stop  I',  inserting  between 
them  the  revolving  contact  breaker  K.  When 
there  is  only  one  lamp  on  a circuit  tlie  electro- 
magnet 4 is  replaced  by  a spring.  If  it  bo  desired  to 
employ  two  sets  of  carbons  in  one  lamp,  the  second 
set  is  held  out  of  action  by  a double-ended  spring 
lever,  which  takes  at  one  end  into  a notch  in  the 
second  carbon-holder,  and  bears  at  the  other  end 
on  the  plain  part  of  the  first  carbon-holder.  When 
the  first  pair  of  pencils  is  nearly  consumed  a notch 
on  the  first  carbon-holder  comes  opposite  the  end 
of  the  aforesaid  lever,  which  immediately  enters  it, 
and  at  the  same  time  leaves  the  notch  in  the  second 
carbon-holder,  which  is  then  free.  The  specifiation 
contains  a diagram  of  connections  for  lamps  in 
parallel  circuit,  and  in  series.  In  the  latter  case 
the  magnet  H of  the  controlling  device  is  replaced 
by  a spring  which  holds  the  armature  I in  contact 
with  the  fixed  stop  i. 

2,416. — F.  WolfF,  Copenhagen.  ((7.  P.  Jurgen- 
sen  and  L.  F.  Lorenz,  Copenhagen).  Magneto- 
Electric  Machines.  6d.  (3  figs.)  June  1. 

Dynamo-Electric  Generator. — This  generator 
is,  on  the  whole,  similar  to  the  Gramme,  but  has  a 
field  magnet  of  horseshoe  form,  and  a central  sta- 
tionary electro-magnet  acting  as  an  inner  field 
magnet,  inside  the  annular  armature,  and  formed 
as  two  bar  magnets  placed  crosswise,  with  their 
north  poles  and  south  poles  respectively  united  by 
pole-pieces.  This  interior  magnet  is  carried  on,  or 
is  united  to,  a stud  projecting  from  a bracket  on 
the  frame,  and  has  its  poles  opposite  to  like  poles 
of  the  outer  field  magnet.  The  armature  core  is 
built  up  of  rings  insulated  from  each  other,  and 
held  together  by  bolts.  At  each  end  it  is  closed 
by  a disc  of  non-magnetic  material ; one  of  these 
discs  is  fixed  to  the  end  of  a short  shaft  that  runs 
in  a bearing  and  carries  the  driving  pulley  at  its 
further  end,  and  the  other  is  bored  to  take  a bear- 
ing and  revolves  upon  the  stud  that  carries  tiie  inner 
stationary  magnet.  The  field  magnets  may  be 
excited  in  any  usual  way,  or  the  generator  may 
work  as  a dynamo  machine. 

2,437. — E.  Edmonds,  London.  (G.  M.  Mowhmy, 
North  A dam>i.  Mass.,  U.S.A.)  Metallic  Cir- 
cuits for  Electrical  Transmission.  6d. 
(9  figs.)  June  2. 

Conductors. — Two  conductors  are  combined  in 
close  proximity  to  each  other,  one  uninsulated,  say, 
of  iron,  witli  or  without  ground  connections,  and 
the  other  insulated,  the  pair  forming  a complete 
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metallic  circuit.  The  illustration  sliows  one  j 
method  of  carrying  out  the  invention.  B ,11, 13, 13 
are  four  insulated  copper  conductors  embedded  in 


grooves  in  the  iron  rod  A,  the  edges  of  which  are 
subsequently  closed  i-ound  them  by  means  of 
roller’s. 

2,449.— C.  V.  Boys,  Wing,  Rutland.  Appa- 
ratus for  Measuring  Mechanical  and 
Electrical  Power.  6d.  (10  figs.)  June  .S. 

Power  Meter. — The  instrument  is  designed  to 
measure  the  work  done  by  the  current  between 
two  points  of  a conductor,  that  is  to  say,  the  pro- 
duct of  the  main  current  by  the  difference  of  the 
potentials  at  the  two  points.  An  integrating 
cylinder  is  mounted  in  a yoke  frame  which  is 
caused  by  a “ mangle  motion”  pinion  to  travel  to 
and  fro  along  a fixed  rod,  and  also  to  swing  so  as 
to  bring  the  cylinder  into  contact  with  each  of 
two  discs  alternately,  as  it  makes  its  to-and-fro 
strokes.  The  mangle  motion  is  driven  by  clockwork. 
The  swivel  frame  in  which  tlie  discs  are  mounted 
is  fixed  on  the  axis  of  a beam  carrying  at  one  end 
a weight  and  at  the  other  the  movable  core  of  a 
fixed  solenoid,  wound  with  an  outer  and  inner  coil, 
both  of  large  wire  and  in  the  same  direction  and 
placed  in  the  main  circuit.  The  core  has  an 
upper  and  lower  coil  of  fine  wire  wound  in  oppo- 
site directions,  these  coils  forming  a by-pass 
circuit  connected  to  the  two  points  of  the  main 
circuit  between  which  points  the  work  expended  is 
to  be  measured.  As  the  core  is  more  or  less  drawn 
down  into  the  solenoid  in  opposition  to  an  adjust- 
able pendulum  weight  the  discs  are  more  or  less 
inclined  to  the  axis  of  the  integrating  cylinder, 
causing  it,  as  it  reciprocates,  to  turn  more  or  less 
round.  The  number  of  revolutions  of  tlie  cylinder 
in  a given  time  is  shown  by  a counting  arrange- 
ment. When  the  instrument  is  used  for  a weak 
current  the  solenoid  coils  are  surrounded  by  iron. 
A detent  worked  by  the  spring  armature  of  an 
electro-magnet  stops  the  clockwork  on  the  cessation 
of  current.  The  integrating  cylinder  may  carry  a 
band  of  paper  on  which  a diagram  would  be  drawn 
by  a fixed  tracing  point. 

2,482.— E.  G.  Brewer,  London.  (T.  A.  Edison, 
New  Jersey,  U.S.A.)  Electric  Machines, 
&c.  8d.  (9  figs.)  June  7. 

LisTRiiiUTixG  Currents. — Wlien  a number  of 
“ translating  devices”  (motors,  lamps,  &c. ) are  in 


eluded  in  a circuit  fed  from  one  source,  it  is  neces- 
sary that  the  current  should  be  so  regulated  that 
each  of  such  devices  will  receive  its  proper  amount 
whether  part  or  all  of  them  be  in  operation  at  a 
given  moment.  Figs.  1,  2,  3,  and  4 illustrate  one 
method  of  accomplishing  this.  The  field  magnets 
of  the  generator  or  generators  are  excited  from  a 
separate  generator  driven  by  an  independent  steam 
engine  having  a governor  (Fig.  2)  provided  with 
an  adjustable  weight,  and  a handwheel  and  screw 
whereby  its  position  can  be  regulated  at  pleasure. 
B,  C,  D,  E (Fig.  1)  are  four  generators  coupled  in 
parallel  circuit : A is  the  generator  for  exciting 


their  field  magnet  coils,  and  V is  an  electro-dynamo- 
meter in  the  main  circuit.  As  the  current  rises  or 
falls,  the  attendant  moves  the  governor  weight  out 
or  in,  and  by  so  doing  varies  the  strength  of  the 
magnetic  field.  The  specification  also  states  that 
the  weight  may  be  moved  by  an  electro-magnet, 
but  does  not  explain  the  method.  When  self- 
exciting  generators  are  employed  the  governor  is 
applied  to  the  engine.  Another  method  of  at- 
taining the  same  result  consists  in  varying  the 
electromotive  force  of  a magneto-electric  gene- 
rator, used  to  oppose  the  current  in  the  field 
circuit  of  the  generator,  the  counter  electro- 
motive force  having  the  function  of  a resist- 
ance. An  electro-motor  M (Fig.  5)  of  small 
resistance  is  included  in  the  circuit  of  the  field 
magnets  of  tlie  generator.  Upon  its  shaft  is 
mounted  a copper  disc  C,  which  rotates  between 
the  pohar  extensions  of  an  electro-magnet  included 
in  the  field  circuit  of  the  generator  (!,  and  also  in 
the  circuit  leading  to  the  translating  devices  7,  7. 
If  no  lamps  arc  in  circuit  the  entire  resistance  of 
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tlie  exterior  circuit  tlirough  A ami  M is  com- 
paratively large,  ami  the  magnet  A is  feebly 
excited,  consecpiently  the  disc  C encounters  little 
resistance  in  cutting  through  the  lines  of  force 
between  the  poles,  and  the  motor  running  at  a 
high  speed,  throw  s a strong  counter  electromotive 
force  into  the  magnet  circuit,  by  which  means  the 
main  current  is  diminished.  Another  portion  of 
the  invention  relates  to  appliances  whereby,  when 
one  or  a number  of  lamps  are  thrown  into  circuit, 
shall  automatically  put  in  operation  means  of  pro- 
jiortionately  increasing  the  generative  capacity  of 
the  generators.  In  Fig.  6,  the  generator  helix  is 
connected  to  the  main  conductors  1,  2,  between 
which  are  the  groups  of  multiple  arcs  5,  6,  con- 
taining lamps  L.  The  coils  of  the  field  magnets 
are  connected  on  one  side  by  a wire  7 directly 
to  one  of  the  main  conductors.  Upon  the  other 
a conductor  3 leads  to  the  most  remote  group, 
and  branch  conductors  run  to  each  group  at  8 
and  9,  each  branch  having  a resistance  R or 
Rb  If  the  switch  for  the  circuit  5 be  closed, 
simultaneously  the  field  magnets  will  receive  the 
proper  amount  of  exciting  current.  When  the 
second  group  is  closed  the  total  resistance  of 
the  field  circuit  will  be  again  reduced,  and  the 
current  circulating  round  the  magnets  increased. 
The  upper  switch  is  shown  open,  and  the  lower 
one  closed.  In  the  former  case  the  wire  8 is  not 
in  connection  with  the  wire  2.  R-  is  a resistance 
through  which  sufficient  current  will  flow  to  insure 
a certain  definite  amount  of  current  passing  through 
the  field  magnet  coils  at  all  times.  When  a system 
contains  both  lamps  and  motors,  the  motion  of  the 
latter  throw's  an  opposing  current  into  the  mains, 
causing  a temporary  disturbance  of  the  lights.  Ac- 
cording to  this  invention,  a resistance  equal  to  that 
of  each  motor  when  in  motion,  is  placed  beside  it, 
and  when  the  motor  is  started  a centrifugal 
governor  on  its  axis  draws  a finger  along  the  re- 
sistance gradually  cutting  it  out  of  circuit  as  the 
speed  increases.  Another  method  of  regulating 
the  excitation  of  field  magnets  is  to  drive  the 
exciter  by  an  electromotor  situated  on  a shunt 
circuit  from  the  main  leads.  Adjustable  resist- 
ances can  be  placed  either  in  the  motor  circuit  or  in 
the  field  circuit.  To  prevent  injury  arising  from 
any  momentary  current  having  a higher  E.M.F. 
than  that  normally  used,  condensers  are  employed, 
placed  in  multiple  arc  in  each  house  or  section. 

■*2,484. — W.  P.  Thompson,  London.  (F.  Van 
Ryssdherfjhe,  Brussels.)  Neutralisation  of 
Currents  in  Telegraph  and  Telephone 
Lines.  2d.  .lune  8. 

Conductors.  — “The  induced  currents  in  the 
lines  are  practically  neutralised  by  giving  a re- 


sistance to  the  reception  coil  enormously  greater 
than  the  line  resistance,  instead  of  the  two  being 
equalised  as  is  now  the  practice.” 

2,492. — P.  Jensen,  London.  {T.  A.  Edison, 

New  Jersey,  U.S.A.)  Electric  Lamps.  8d. 

(17  figs.)  .Tune  8. 

Incandescence  Lamps. — To  make  the  globe,  the 
blower  takes  the  glass  directly  from  the  melting 
pot  and  shapes  it  to  the  form  shown  in  Fig.  1, 
leaving  an  aperture  large  enough  for  the  introduc- 
tion of  the  carbon  and  its  support.  Upon  the  other 
end  of  the  globe  a small  exhaust  tube  is  formed. 
The  leading-in  wires  are  laid  in  a tube,  Fig.  2, 
in  which  an  enlargement  has  been  blow'ii,  and 
one  end  is  brought  to  a welding  heat  and  firmly 
and  hermetically  sealed  on  the  wires.  The  wires 
are  made  in  three  parts,  a central  piece  of  platinum 
for  sealing  into  the  glass,  and  two  copper  extre- 
mities, the  upper  of  which  is  of  sheet  copper,  or 
copper  wire  with  a flattened  end,  to  wrap  round 
the  end  of  the  carbon  filament.  The  wires  being 
sealed  in  the  tube  and  connected  to  the  fila- 
ment, the  whole  is  introduced  into  the  globe,  and 
welded  in  position  as  shown  in  Fig.  3.  “When 
carbon  filaments  are  used  for  lighting  by  incandes- 
cence a phenomenon  is  found,  to  which  may  be 
applied  the  term  ‘ electrical  carrying.  ’ This  is  an 
absolute  carrying  or  moving  of  the  carbon  itself 
from  the  negative  to  the  positive  end  of  the  carbon.” 
The  amount  depends  on  “the  resistance  of  the 
filaments,  the  degree  of  incandescence,  the  electro- 
motive force  between  the  clamping  electrodes,  and 


the  state  of  the  vacuum.”  In  view  of  this  the 
carbons  are  arranged  so  that  the  portion  having  the 
least  resistance  shall  be  at  the  negative  clamp,  or 
carbons  are  manufactured  having  a less  resistance 
at  one  terminal  than  at  the  other,  as  in  Fig.  4, 
where  one  end  of  the  carbon  is  thicker  than  the 
other.  “ In  the  present  state  of  the  art,  how'ever, 
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it  is  impossible  to  manufacture  a carbon  which  will 
not  eventually  be  destroyed.”  In  order  to  avoid  a 
more  than  momentary  darkness,  two  lamps  may  be 
placed  side  by  side,  and  the  current  automatically 
switched  into  the  second  upon  the  failure  of  the 
first.  For  this  purpose  a small  electro-magnet  is 
placed  in  the  circuit  of  the  lamp  and  provided  with 
an  armature,  which,  so  long  as  the  current  passes, 
is  held  closely  to  it,  Imt  if  the  current  ceases  it  is 
withdrawn  by  a spring  and  completes  the  circuit  of 
the  second  lamp.  Any  number  of  lamps  may  thus 
be  placed  together  and  lighted  and  used  succes- 
sively. Tlie  specification  illustrates  three  methods 
of  carrying  out  this  part  of  the  invention  ; in  each 
case  an  electro-magnet  and  armature  serves  to 
divert  the  current.  Fig.  5 is  an  arrangement  to 


prevent  the  failure  of  one  lamp  of  a series  extin- 
guishing the  remainder.  G is  a generator,  1 and  2 
the  main  circuit,  3 the  field  magnet  circuit  with  an 
adjustable  resistance.  I is  an  electro-dynamometer 
in  the  derived  circuit  4 ; .'),  6,  7,  8,  !),  10  ai'e  branch 
circuits.  In  5,  7,  8,  10  switches  s s are  shown  to 
short-circuit  the  lamps ; at  0 and  9 are  illustrated 
means  for  preserving  the  circuit  complete,  notwith- 
standing injury  to  a lamp.  When  there  is  no  current 
the  parts  stand  as  in  0.  When  the  circuit  is  closed, 
the  current  divides  between  the  lamp  circuit  and 
a small  resistance  shunt  circuit,  and,  exciting  the 
magnet,  lifts  the  armature  and  breaks  the  I’esistance 
circuit.  When  the  lamp  fails  the  armature  drops  on 
to  the  lower  stop  and  the  current  follows  the  other 
circuit.  A further  object  of  the  invention  is  to 
obviate  the  ill  effects  of  the  blackening  of  the 
globes  l>y  the  deposition  of  carbon  thereon,  by 
attaching  to  each  lamp  a short  magnet,  presenting 
such  a polarity  to  the  positive  side  of  the  carbon 
filament  that  it  will  attract  the  highly  electrified 
carbon  vapour  downwards  to  the  clamps  instead  of 


permitting  it  to  be  deposited  on  the  glass.  In  place 
of  a magnet,  a solenoid  may  be  used. 

2,495. — E.  G.  Brewer,  London.  (T.  A.  Edison, 

New  Jersey,  U.S.A.)  Electric  Arc  Lamps. 

Cd.  (1  fig.)  June  8. 

Arc  L.\mp. — Either  or  both  of  the  carbons  arc 
rotated  around  their  longitudinal  axes  at  a speed, 
by  preference,  of  two  to  three  thousand  revolutions 
a minute.  A motor  of  the  Pacinotti  or  other  type 
ill  the  lamp  circuit,  or  in  a shunt  circuit,  or  clock- 
work, may  be  used  to  effect  the  rotation.  Any  form 
of  feeding  or  regulating  mechanism  may  be  used, 
but  the  one  shown  in  the  illustration  is  well 
adapted  to  be  combined  with  rotating  carbons. 
The  upper  carbon  e is  connected  with  the  rod  by 
the  l>all-and-socket  joint  «,  and  is  guided  near  its 
point  by  the  guide  b.  E is  the  electro-magnet  of 
the  motor,  the  coils  of  which  are  in  the  .shunt 
circuit  3 — 4.  The  rei  olving  armature  is  supported 


by  a sleei’e  on  the  top  of  the  frame,  through  wh 
slides  the  rod  f),  the  two  being  connected  by 
feather ; d e are  commutator  springs  touching  a 
revolving  circuit  breaker.  An  adjustable  resistance 
R is  placed  in  the  shunt  circuit  for  the  purpose  of 
regulating  the  speed  of  the  motor.  G is  a horizontal 
armature  pivotted  on  the  frame  of  the  motor  and 
playing  in  the  fields  of  the  two  electro-magnets,  of 
which  the  upper  is  in  the  lamp  circuit  and  the 
lower  in  the  shunt  circuit.  The  lever  G has  two 
spring  pawls  that  clamp  downwardly  on  the  rod 
I),  and  have  arms  1 in,  and  stops  n o arc  located 
at  such  points  on  the  frame  that  tlic  pawls  arc 
tlirown  upwardly  away  from  rod  1),  when  tlic 
armature  lever  reaches  a certain  point  in  its  dou  n- 
ward  movement. 

2,532. — G.  Gouraud,  London.  (/’.  />’.  De/any  rind 
C.  II.  Johnson,  Xem  York,  U.S.A.)  Electric 
Cables.  Cd.  ((>  figs.)  June  10. 
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CoNDUCTOUS. — These  arc  separately  insulated  and 
arranged  side  by  side  to  form  a flat  cable,  and  are 
imbedded  in  soft  metal  such  as  lead.  By  this 
means  their  inductive  action  is  mainly  expended  on 
the  sheathing ; and  to  further  prevent  induced 
currents  the  conductors  are  crossed  at  each  joint  or 


coupling,  as  shown  in  Fig.  .3,  so  that  each  wire  in 
turn  occupies  every  one  of  the  six  available  posi- 
tions. The  metal  cover  may  be  flat,  or  grooved  as 
in  Fig.  1.  Fig.  2 illustrates  the  method  of  manu- 
facture. The  whole  is  run  between  rolls  which 
force  the  soft  metal  to  completely  fill  the  in- 
terstices. 

2,538. — M.  R.  Ward,  London.  Electric  and 
Magnetic  Brakes.  Gd.  (Ifig.)  .June  10. 

Electric  Light. — Each  vehicle  carries  an  elec- 
tric generator  driven  from  the  axle.  On  closing 
the  circuit  resistance  is  offered  to,  the  movement  of 
the  train,  and  the  current  so  produced  is  stored  in 
secondary  batteries  and  utilised  for  lighting  and 
heating  purposes. 

2,542. — S.  J.  Mackie,  London.  Electrical  Insu- 
lated Wires  and  Conductors.  4d.  June  11. 

C0XDUCT0R.S. — This  invention  consists  in  in- 
sulating wire  or  core  by  flat  servings  of  yarn  im- 
pregnated with  an  insulating  compound.  Above 
the  yarn  other  tapings  or  servings  may  be  wound, 
and  the  whole  may  be  finally  braided.  The 
coverings  may  be  waterproof  in  themselves,  or  be 
saturated  with  waterproof  materials  and  dusted 
with  powdered  glass,  or  be  waterproofed  by  any 
means,  such  as  gelatine  and  bichromate  of  potash. 
For  the  protection  of  insulated  conductors  they 
may  be  placed  in  troughs  or  tubes,  which  are 
filled  with  compositions  of  powdered  glass  and 
sulphur,  cement,  plaster-of-paris,  or  bitumen. 

2,563. — G.  G.  Andre,  Dorking.  Electric  Lamps. 
Gd.  (10  figs.)  .June  13. 

Arc  Lamp.—  In  this  lamp  the  upper  carbon  is 
suspended  from  an  iron  rod  B,  which  is  held  up  liy 
magueto-frictional  contact  with  pole-pieces  of  a 
magnet  suspended  from  a pair  of  electro-magnets 
D D,  so  long  as  the  arc  is  maintained  within  the 
determined  limit  of  length.  The  greater  part  of 
the  entering  current  is  passed  through  the  magnet 
D,  which  is  attached  to  the  plate  E.  A branch  I', 
from  the  main  wire  I,  connects  to  a smaller  electro- 
magnet K of  greater  resistance,  having  two  coils 
wound  in  opposite  directions  ; the  pole-pieces  C 


are  carried  out  to  the  iron  rod  B,  and  arc  shaped  to 
embrace  it.  “A  third  electro-magnet  R,  having 
similar  pole-pieces  C'  C^,  is  arranged  on  the  other 
side  of  the  rod  B,  and  is  wound  with  a coil  con- 
nected to  one  of  the  coils  of  the  electro-magnet  K, 
and  forming  a second  branch  from  the  main  wii-e 
I,  and  so  that  the  resistance  of  this  coil  and 
the  coil  on  the  magnet  R are  together  equal  to 
that  of  the  other  coil  on  the  electro-magnet  K ; the 
exit  end  of  the  wire  is  connected  to  a bracket  M, 
which  is  insulated  from  the  plate  fl  and  extends 
over  an  armature  N,  which  may  form  electrical 
connection  with  it.  The  plate  (i  carries  a fourfli 
electro-magnet  0,  the  coils  of  which  are  wound 
with  wire  of  v^ery  high  resistance,  and  form  a shunt 
circuit  past  the  are.  The  weight  of  the  magnet  R, 
or  rather  of  its  core,  is  supported  by  a light  spring, 
and  its  upper  pole-piece  is  in  close  proximity  to  a 
peg  or  stop  under  the  plate  E.”  The  action  is  as 
follows:  “When  the  carbons  are  together  and  the 
current  turned  on,  the  magnets  D,  K,  and  0 become 


.0^ 


excited,  the  main  current  passing  through  D and 
K ; the  pole-pieces  C will  tlien  adhere  to  the  rod 
1<],  and  the  electro-magnet  D will  draw  up  the 
electro-magnet  K;  the  arc  will  thus  be  established. 
When  the  arc  becomes  in  the  least  lengthened,  the 
magnet  0 closes  the  circuit  through  that  coil  of 
the  magnet  K which  is  connected  to  the  bracket  M, 
and  through  the  coil  of  the  magnet  R by  means  of 
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the  armature  N,  and  thus  neutralises  the  adhesive 
action  of  the  pole-pieces  C,  and  excites  the  pole- 
pieces  of  the  magnet  K,  the  spring  of  which  will 
he  slightly  compressed  by  the  superior  weight  of 
the  rod  B and  carbon  A,  and  will  drop  on  to  the 
peg,  whereby  the  current  through  the  magnet  O is 
deci-eased,  and  the  circuit  tln-ough  one  of  the  coils 
of  the  magnet  K and  tlu'ough  the  magnet  R bi'oken. 
The  magnet  K will  then  resume  its  action,  and  the 
pole-pieces  C adhere  to  the  rod  B.”  In  a modi- 
fication the  electro-magnet  R is  omitted,  and  the 
tube  P on  the  top  of  the  lamp  is  surrounded  by 
a cylinder  containing  glycerine  and  having  an 
annular  weight  or  easily  fitting  piston  with  two 
holes  covered  with  a valve  ring.  The  rod  B is 
counterbalanced  by  a weight.  In  another  arrange- 
ment, wdiere  a lower  carbon  is  fed  upwards,  and 
which  is  also  applicable  to  incandescence  lamps 
liaving  such  a carbon  rod,  the  lower  carbon  is 
clamped  to  an  iron  cylinder  provided  with  a long 
loosely  fitting  float  piston  supported  in  a cylinder 
of  mercurj-.  In  this  case  the  magnet  K has  its 
coils  wound  in  oj^posite  directions,  the  inner  being 
arranged  to  form  a branch  from  the  main  conductor, 
and  the  outer  coils,  of  high  resistance,  to  form  a 
shunt  past  the  arc.  Another  pair  of  electro- 
magnets with  coils  of  lower  resistance,  and  corre- 
sponding with  the  magnets  D in  the  illustrations, 
are  arranged  underneath  the  first-named  magnets, 
and  have  their  wire  coils  connected,  one  to  the 
positive  terminal,  and  the  other  to  tlie  carbon  sup- 
porting rod.  These  electro-magnets  serve  the  pur- 
pose of  separating  the  carbons  when  first  started, 
by  drawing  down  the  first-named,  or  feed  magnets, 
as  in  the  previous  arrangements.  As  the  arc 
lengthens  the  pole-pieces  of  the  magnet  K are 
demagnetised  so  far  as  to  allow  the  rod  to  slide 
past  them,  impelled  by  the  float.  When  tlie  arc  is 
adjusted  the  rod  is  again  held.  Instead  of  the 
brancli  and  shunt  connections  it  is  possible  to 
use  the  arrangements  above  described  for  the 
purpose  of  exciting  the  feed  magnets.  The  whole 
of  the  framing  of  the  lamp  may  consist  of  a 
tube,  the  upper  end  of  the  carbon  only  extend- 
ing above  it,  and  having  a j)rotecting  casing 
around  the  magnet.  In  all  the  preceding  cases 
the  negative  carbon  is  supposed  to  be  fixed. 
Where  a weight  and  endless  cord  are  employed  for 
feeding  a carbon  in  an  incandescence  or  arc  lamp,  as 
in  Patent  No.  2,252  of  1880,  the  retarding  action  of 
a piston  and  liquid  is  employed,  and  for  this  pur- 
pose the  lower  pulley,  over  wliich  the  endless  band 
passes,  is  provided  with  a crank-pin  for  working  a 
perforated  piston  in  a small  cylinder  of  liquid. 
This  pulley  is  also  provided  with  an  iron  disc  wheel 
to  which  a brake  is  applied  by  magnetic  friction, 
regulated,  as  above  described,  according  to  tlie 
length  of  the  arc. 


2,572. — H.  E.  Newton,  London.  (C.  A.  Hussey 
and  A.  M.  Dodd,  Neiu  York,  U.S.A.)  Elec- 
tric Lamps.  6d.  (7  figs.)  June  13. 

Incande.scence  Lamp. — A translucent  globe, 
shown  in  Figs.  1 and  2,  has  prolonged  ends,  through 
which  extend  holders  B B*  for  carbons  C,  one  of 
which  can  be  heated  to  incandescence  at  a time. 
The  holders  B are  all  connected  to  the  metal  band 
D,  and  the  holders  B'  to  insulated  plates  E on  a 
commutator,  the  upper  one  of  which  is  then  in 
contact  with  spring  G,  which  forms  one  of  the 
lamp  terminals.  The  current  entering  the  lanqi 
at  D,  traverses  one  carbon  and  leaves  at  E.  When 
that  carbon  breaks  or  becomes  inefficient  the 


lamp  can  be  partially  rotated,  and  a second 
carbon  brought  into  circuit.  An  electro-magnetic 
appliance  for  efl'ecting  the  rotation  automati- 
cally, on  the  failure  of  the  current,  consists  of 
an  electro-magnet  placed  in  the  lamp  circuit 
having  an  armature  fitted  with  a pawl,  which 
engages  with  the  teeth  of  a ratchet  wheel  fixed 
to  the  longitudinal  shaft  of  the  lamp.  The  cur- 
rent can  be  regulated  by  resistance  coils  upon  a 
s^iool  0 actuated  by  the  handle  Q.  Outside  the 
coils  are  metal  bars  R,  R',  R-,  &c.  (Fig.  3),  which 
are  connected,  at  short  distances  apart,  to  the  flanges 
of  the  spool  O,  and  are  tliereby  insulated  from  each 
other.  The  bars  are  severally  coupled  to  the  wires 
of  the  respective  coils.  One  wire  of  the  circuit  is 
joined  to  a loose  sleeve  O',  on  a metallic  stem  0-, 
extending  from  the  spool,  so  that  the  wire  will  not 
be  turned  when  the  spool  turns.  The  bar  R is  in 
electrical  communication  with  the  stem  0-.  'I'lie 
leading  wire  goes  to  the  fixed  contact  spring  'I', 
which  bears  on  the  barsR',  R-,  &c.,  when  the  spool 
is  rotated.  When  T rests  on  R the  coils  are  out  of 
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circuit,  aiul  when  it  rests  on  R'  the  first  coil  is  in 
circuit,  and  so  on. 


2,573.— H.  E.  Newton,  London.  (0.  J. 

ami  a '.S.  Dodd,  New  Yorh,  U.S.A.)  Means 
for  Supporting  and  Protecting  Electrical 
Wires,  &c.  Cd.  June  14. 

Conductors. — This  invention  consists  in  com- 
hining  with  the  kerb  of  the  sidewalk  a eonduit 
for  receiving  and  protecting  electrical  conductors. 
Fig.  1 illustrates  a number  of  buildings  and  streets 
having  wires  for  electric  street  lamps  and  houses  con- 
ducted to  them,  and  Fig.  2 is  a horizontal  section  of  a 
sidewalk.  Around  the  kerb  of  each  block  extends  a 
conduit  H.  On  the  block  9 is  a station  I,  where  the 
generators  are  arranged,  one  for  the  street  lamps  and 
one  for  private  users.  The  street  lamps  are  marked 
L and  are  supported  on  crosspieces  extending  from 
block  to  block.  0 is  another  station  for  the  supply 
of  the  houses  on  the  faees  of  the  blocks  6,  5,  and  4, 


that  are  on  the  street  C.  The  conduits  are  of  seg- 
mental form,  provided  with  flat  backs  to  rest 
against  the  kerb.  Hi  (Fig.  2)  is  a branch  into  a 
house  ; H-  is  the  same  branch  stopped  by  a cap 
when  not  required  for  the  passage  of  a conductor. 


2,592. — W.  R.  Lake,  London.  (II.  A.  Clark,  Bos- 
ton, U.S.A.)  Manufacture  of  Telegraphic 
or  Telephonic  Conductors,  &,c.  6d. 

(10  figs.)  June  14. 

Conductors. —The  object  of  the  invention  is  to 
adapt  gutta-pereha  covering  machines  firstly  to  coat 


and  is  of  a nature  to  yield  either  in  thickness  or 
length,  or  both  ; and,  secondly,  to  produce  a com- 
pound conductor  with  a series  of  parallel  wires 
inclosed  in  one  mass  of  insulating  material.  The 
apparatus  consists  of  a guide  for  tlie  wire,  which  at 
and  along  its  end  at  wliich  the  wire  passes  into  the 
die  opening  has  parallel  sides  projecting  into  the 
die  opening.  The  illustration  shows  the  invention 
as  applied  to  forming  a compound  wire,  Figs.  2 and 
3 being  enlarged  sections  of  the  die  F (Fig.  1).  A 
is  a ehambered  cylinder,  B the  screw,  e the  hole 
opening  to  the  said  screw,  F the  guide  for  the 
wires  d,  E the  die  having  an  opening  f.  The  wire 
guide  F is  provided  with  a series  of  tubes  g,  each 
adapted  for  the  passage  of  a wire,  and  separated  by 
a free  space  from  its  neighbours,  so  that  the  in- 
sulating material  can  circulate  between  them  before 
reaching  the  wires  issuing  from  their  ends. 

*2,606. — A.  Muirhead,  Westminster.  Electric 
Accumulators.  2d.  June  15. 

Secondary  Batteries. — The  battery  is  made 
of  thin  sheets  of  metal  separated  by  a permeable 
material  and  arranged  like  a condenser.  The 
sheets  are  coated  with  sesquioxide  and  red  oxide  of 
lead,  or  with  red  oxide  of  lead  and  peroxide  of 
manganese,  or  alternately  with  a mixture  of  red 
oxide  of  lead  and  peroxide  of  manganese  and  red 
oxide  of  lead  only  ; or  there  is  interposed  between 
the  sheets  acetate  or  nitrate  of  lead. 

2,612. — W.  Crookes,  London.  Electric  Lamps, 
&C.  4d.  June  15. 

Incandescence  Lamps. — In  constructing  the 
filaments  cellular  tissue  or  cellulose,  such  as 
paper,  linen,  or  cotton  thread  is  purified  from 
silica  by  hydrofluoric  acid,  and  treated  with  a 
solution  of  cupro-ammonia.  By  this  means  the 
structure  of  the  cellulose  is  wholly  or  partially 
destroyed,  and,  after  evaporation  of  the  ammonia 
and  extraction  of  the  copper,  it  is  obtained  in  a 
dense  form.  The  air  may  be  exjielled  from  the 
fibre  by  a previous  soaking  in  strong  ammonia. 
The  copper  can  be  extracted  by  dilute  acid  or  l)y 
the  passage  of  a strong  electric  current  through  tlie 
carbonised  filament.  Another  way  is  to  entirely  dis- 
solve a loose  form  of  cellulose,  such  as  cotton  wool 
or  .Swedish  blotting  papei’,  and  tlien  by  evaporation 
to  produce  a thin  film  upon  the  bottom  of  the  dish. 
Partially  dissolved  threads  may  also  be  steeped 
or  dipped  in  a thick  solution  of  cellulose  to  fill  up 
their  pores.  It  is  not  necessary  to  extract  the 
copper  from  the  filament  at  its  junction  with  the 
clamps,  as  its  presence  there  is  advantageous. 
These  junctions  may  be  coated  with  a thick  solu- 
tion of  cellulose.  The  filaments  are  stamped  out  of 
sheets  and  twisted  into  the  desired  shape  while  still 
damp,  and  they  are  carbonised  in  any  ordinary 
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manner.  In  case  the  filament  after  carbonisation 
does  not  possess  tiie  right  resistance,  or  is  imperfect, 
it  is  heated  electrically  in  a vacuous  vessel  which 
contains  a hydro-carbon  compound,  of  which  the 
boiling  point  is  high,  and  the  vapour  tension  at 
ordinary  temperatures  very  low.  Naphthaline  or 
zylol  or  chloroform  are  suitable  hydro  carbons  for 
the  purpose. 

■*2,618. — J.  Jamieson,  Newcastle-on-Tyne.  Go- 
verning Electric  Machines.  2d.  .Tune  16. 

Goverxob. — Solenoids  or  magnets  are  employed 
to  tlirow  mechanical  appliances  into  gear,  to  con- 
trol the  current  in  a main  circuit,  or  to  control  tlie 
magnetism  of  tlie  field-magnets  of  electrical  gene- 
rators. 

■*2,635. — W.  C.  Johnson  and  S.  E.  Phillips, 
Charlton,  Kent.  Floating  Apparatus  for 
Generating  and  Conveying  Electricity  for 
Production  of  Electric  Light  and  Trans- 
mission of  Power.  2d.  June  16. 

Electric  Light. — The  necessary  machinery  is 
mounted  on  a suitable  barge  or  vessel,  so  as  to  be 
easily  moved  from  place  to  place. 

2,703. — J.  Richardson,  Lincoln.  Electric  Ap- 
pliances for  Moving  Tramcars,  &.c.  2d. 
June  20. 

Motor. — The  car  is  driven  by  a motor  actuated 
by  the  current  from  a secondary  battery,  which  is 
charged  at  intervals  from  a stationary  generator. 
The  momentum  of  the  car  in  descending  an  incline 
is  utilised  for  partially  re-charging  the  battery. 

2,711.— T.  A.  B.  Putnam,  New  York,  U.S.A. 
Electric  Danger  Alarms  or  Signals  for 
Railways,  &c.  Sd.  (10  figs.)  June  21. 

Dynamo-Electric  Gener.^tor. — A constantly 
woi'king  dynamo-electric  generator  is  mounted  on 
the  locomotive.  The  circuit  is  completed  through 
the  rails,  and  includes  the  coil  of  an  electro-magnet. 
So  long  as  the  circuit  remains  complete  no  signal  is 
given,  but  when  it  it  is  broken  the  armature  of  the 
electro-magnet  is  released  and  an  alarm  sounds. 

2,739.  — H.  E.  Newton,  London.  {A.  Gravity, 
Paris.)  Distributing  Electricity.  Sd.  (Sfigs. ) 
June  22. 

Distributing  Currents.  — This  specification 
appears  to  relate  to  an  arrangement  for  feeding  a 
number  of  arc  lamps  in  parallel  circuits  from  one 
generator,  and  contains  a long  mathematical  inves- 
tigation of  the  conditions  to  be  fulfilled,  and  upon 
which  the  invention  is  based.  The  invention  con- 
sists, it  is  stated,  in  a novel  application  of  derived 
circuits  calculated  according  to  the  laws  of  Joule 
and  Olim,  and  arranged  so  as  to  (1)  distribute  the 


electricity  in  determined  proportions ; (2)  to  pre- 
serve to  each  appai-atus  the  proper  intensity  ; (.3)  to 
assure  the  independence  of  the  various  apparatus  ; 
(4)  to  keep  the  production  of  electricity  always 
equal  to  the  requirements.  The  invention  comprises 
a return  wire,  a regulator  of  production,  a regulator 
of  consumption,  a commutator  (see  illustration),  an 
equaliser  of  light,  and  a distributor  which  may  be 
either  a secondary  battery  or  a mass  of  metal. 
M hen  three  lights  are  to  be  fed,  one  leading  wire 
is  connected  to  the  equalisers  of  light,  from  which 
currents  pass  to  the  lamp,  and  the  other  directly 
to  the  lamp.  “The  conductors  should  normally 
form  reservoirs  of  electricity,  but  as  the  consump- 
tion augments  or  diminishes,  the  conductors  pass 
fi'om  the  condition  of  reservoirs  to  that  of  channels 
of  conveyance,  and  to  cause  them  to  i-eturn  to 
their  normal  condition  the  production  of  electricity 
should  vary.”  This  variation  is  brought  about  by  a 
small  motor  that  acts  on  the  steam  supply  of  the 
engine.  The  distributor  comprises  a prism  P carry- 
ing contact  pieces.  In  one  angular  position  it  con- 
nects the  terminals  A B and  wires  L N,  and  when 


turned  into  another  position  it  breaks  the  connec- 
tion. The  “equaliser  of  light”  is  an  arm  moving 
over  the  terminals  of  a number  of  resistances  so  as 
to  include  more  or  less  of  them  in  circuit. 

2,761. — L.  A.  Groth,  London.  {!).  Lachaiis.s^e, 
Lieije.)  Electro  Magnetic  Induction  Ma- 
chine for  Dividing  a Direct  Current  into 
Alternate  Currents,  fid.  (2  figs.)  .lime  24. 

Dynamo-Electrk;  G enerator. — 'J'his  generator 
is  so  constructed  that  all  the  bobbins  arc  indepen- 
dent of  each  other,  and  arc  so  arranged  that  each 
may  be  put  into  and  taken  out  of  place  without 
interfering  with  the  others.  As  shown  in  the  illus- 
trations, the  rotating  plates  A A carry  the  field- 
magnet  bobbins  B B,  the  two  sets  of  which  arc 
separated  by  a fixed  dium  D,  in  which  is  placed 
any  suitable  number  of  metallic  spirals  E,  of 
small  thickness,  but  of  a diameter  .sensibly  equal 
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to  that  of  tlie  clectro-inagiict  bobbins.  Hie  figure 
sliows  the  construction  of  the  ilrum  D,  wliich 
is  made  of  wood;  one  bobbin  K is  sliown  in  its 
recess,  while  the  other  recesses  are  empty.  “ The 


spirals  are  wound  round  a very  subdivided  magnetic 
material,  or  are  even  wound  simultaneously  on  the 
wires  or  strips.”  All  their  ends  are  connected  to 
small  terminals  to  F-^  parallel  to  which  are 
placed  large  terminals  G and  G',  which  serve  to 
connect  these  to  one  or  more  return  wii’es,  and 
“ allow  of  the  grouping  of  the  currents. in  tension 
or  in  (piantity,  even  when  the  machine  is  woi'king.  ’ 

*2,770. —R.  H.  Courteney,  London.  Electrical 
Resisting  Mediums.  2d.  June  24. 

Incandescence  Lamps. — The  filaments  of  these 
are  made  of  silk  thread  rubbed  with  saccharine 
matter,  by  preference  the  fruit  of  the  date,  then 
with  plumbago,  saccharine  matter,  and  asbestos. 
Another  method  consists  in  carbonising  date  fruit 
and  stones,  and  cloth,  and  mixing  the  resultant 
mass  with  asbestos  and  cotton  carbon  powder.  The 
filament  is  mounted  in  the  usual  way  in  an  ex- 
hausted globe. 


2,782. — H.  E.  Newton,  London.  (SocUtc  Uni- 
verwUe  d' Elect ricitc  Tommaai,  Paris.)  Secon- 
dary Batteries.  Cd.  (5  figs.)  June  25. 
Secondary  Batteries. — As  will  be  seen  from 
Fig.  1,  the  electrodes  A A'  are  formed  of  lead  plates 
cast  with  a series  of  shelves  inclining  upwards  ; in 
the  cells  so  formed  sheets  of  lead  foil  d d'  arc  laid. 
The  lead  foil  may  be  dispensed  witli,  and  the  jdates 
with  their  shelves  made  of  an  alloy  of  lead  and  tin. 
In  this  case  the  shelves  are  formed  closer  together. 
The  tin  is  extracted  by  electrolytic  action,  so  as  to 


leave  the  lead  porous.  The  spaces  between  the 
shelves  are  then  filled  with  pure  lead  filings,  or 
with  lead  precipitated  from  one  of  its  salts,  the 
preparation  known  as  “Saturn’s  tree”  being 
preferably  employed.  In  the  modification  shown 
in  Figs.  2 and  3 the  shelves  are  dispensed  with, 
sheet  lead  being  cut  into  strips  which  are  laid  one 
above  another  on  the  bottom  flange  of  the  plates. 
The  pile  of  strips  is  then  soldered  to  its  supporting 
frame,  the  vertical  wall  of  the  plate,  as  well  as  the 
.shelves,  being  in  this  case  dispensed  with.  Two  of 
these  frames  A-,  containing  strips  of  lead  d,~a.re 
placed  in  a vulcanite  vessel  about  g in.  apart,  and 
rest  upon  blocks  of  wood. 

2,788.— B.  J.  B.  Mills,  London.  (F.  Million, 
Lyons,  France.)  Apparatus  for  Obtaining 
Light  by  Electricity,  fid.  (5  figs.)  June  25. 

Arc  Lamp. — Each  of  the  two  carbons  is  mounted 
in  a carriage  a a',  and  is  impelled  towards  the  other 
by  cords  wound  round  one  of  the  windlasses  H H', 
wliich  are  turned  by  cords  attached  to  the  counter- 
weight J.  Tlie  travel  of  the  carbons  is  controlled 
by  cords  wound  on  the  barrel  F,  and  gradually  let 
off  according  to  the  consumption.  I’ig.  2 shows 
the  regulating  apparatus  developed  in  one  plane, 
and  Fig.  3 is  a section  of  a modified  form  of  carbon- 
holder,  in  which  the  current  passes  through  the 
spring  d and  roller  h.  Upon  the  axis  of  the  barrel 
F’  is  a ratchet  wheel  K,  “furnished  with  a spur  M 
and  operated  by  a lever  N,  having  at  one  end  a 
counterpoise  O,  and  at  the  other  a fork,  to  which 
are  attached  two  bars  P P^  passing  through  two 
solenoids  Q Q' ; a stop  R serves  to  work  the  click 
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L.”  The  core  of  the  resistance  coil  Y is  formed 
of  a bundle  of  iron  wire.  Tliis  construction  “no 
longer  re(iuires  long  lengths  of  conductor  wouml 
thereon,  provided  that  it  forms  two  currents  of 
induction  and  of  contrary  direction.”  Q’  is  “called 
the  solenoid  of  substitution,  because  at  the  time  of 
lighting  the  lamp  it  is  substituted  for  the  solenoid 
of  regulation,  and  permits  the  lighting  without 
oscillation  of  the  arc.”  Z is  a solenoid  whose  core 
dips  into  an  insulated  vessel  of  mercury.  Assuming 
the  carbens  to  be  apart  and  the  circuit  to  be  com- 
pleted, the  current  entering  at  r (Fig.  2)  will  follow 
the  conductor  s,  and  will  pass  between  the  contacts 
3 and  4 through  the  mercury,  which  is  raised  by 
the  core  I lying  in  it.  It  will  then  traverse  the 
resistance  coil  V and  the  solenoid  Q' to  the  opposite 


conductor,  and  in  so  doing  “will magnetise  the  bar 
F',  and  attract  it  with  so  much  power  that  all  the 
current  will  pass  by  this  solenoid,”  and  will  draw 
down  the  lever  N.  “This  last  will  draw  back 
the  click  L,  which  will  be  raised  by  the  friction 
of  the  spur  M on  the  stop  R.”  The  divider  will  ^ 

thus  be  rotated  and  the  carbons  moved  to-  | 

gether ; whereupon  the  current  will  partly  tra-  [ 
verse  the  solenoid  Z,  and  drawing  up  the  cores 
will  allow  the  mercury  to  fall  away  from  the 
contacts  3,4,  and  thus  cut  the  solenoid  Q’  out  of 
circuit.  The  counterweight  O will  then  raise  the 
cores  P and  P',  and  at  the  same  time  the  click  L 
will  turn  the  ratchet  wheel  and  thus  separate  the 
carbons  to  establish  the  arc,  after  which  its  regula- 
tion will  be  effected  by  the  slumt  solenoid  Q. 
Should  it  totally  fail,  a ciicuit  is  again  opened 
through  the  mercury.  The  lamp  circuit  is  com- 
pleted by  hauling  it  up,  when  the  conical-topped 
terminals  of  the  lamp  come  in  contact  with  the 
correspondingly  recessed  circuit  terminals  as  shown 
in  Fig.  1. 

*2,807. — A.  C.  Ranyard,  London,  and  J.  A. 
Fleming,  Cambridge.  Telegraph  Cables, 
&c.  2d.  June  27. 

Conductors. — iManilla  or  other  fibre  is  twisted 
or  plaited  round  the  conducting  wire,  and  impreg- 


nated with  “ paraffin  butter,”  by  forcing  the  same 
into  the  fibre  while  the  conductor  is  in  an  exhausted 
chamber. 

*2,823. — A.  P.  Laurie,  Edinburgh.  Secondary 
Batteries.  2d.  .June  28. 

Second.\ry  Batteries. — Electrodes  of  zinc  and 
carbon  are  immersed  in  a solution  of  iodide  of  zinc 
in  water. 

*2,833. — G.  G.  Andre  and  E.  Easton,  London. 
Electric  Incandescent  Lamps,  &c.  2d. 

.June  28. 

Jnc.andescence  Lamp.s. — The  filament  is  made 
from  natural  fibre,  without  alteration  of  form  or 
structure  other  than  results  from  carbonising,  and 
is  placed  in  its  straight  or  natural  form  between 
the  metallic  conductors.  The  globe  is  exhausted 
in  the  ordinary  way,  the  conductors  entering  at 
opposite  sides  or  ends. 

2,848. — J.  G.  Lorrain,  London.  Treatment  of 
Carbon  for  Electric  Lighting.  4d.  June 
29. 

Carbons. — Carbon  rods,  filaments,  &c.,  are  im- 
pregnated with  carbon  by  employing  a substance 
containing  carbon  in  conjunction  with  a substance 
that  will  act  upon,  or  be  acted  upon,  by  the  former, 
so  that  decomposition  shall  take  place  and  the 
carbons  shall  be  deposited  in  and  upon  the  body 
under  treatment.  As  an  example,  carbon  rods 
soaked  in  turpentine  are  treated  with  gaseous 
chlorine  at  gradually  increasing  temperatures  up 
to  bright  red.  Another  method  is  to  boil  them 
in  syrup  and  carbonise  the  occluded  sugar  by  sul- 
phuric acid. 

2,851. — W.  R.  Lake,  London.  (J.  J.  Il'ood,  Xvio 
York,  U.S.A.)  Electric  Lighting  Apparatus, 
fid.  (3  figs.)  June  29. 

Arc  Lamp. — This  invention  relates  to  a means 
of  affording  a path  round  a faulty  lamp  when  its 


resistance  rises  above  a determined  amount.  Re- 
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ferring  to  the  illustration,  M ami  S are  differential 
coils,  the  latter  being  in  a shunt  circuit.  These  act 
conjointly  on  a lever  F pivotted  in  the  frame,  and 
carrying  a small  cage  in  which  is  mounted  a train 
of  wheels,  the  first  of  which  gears  with  the  carbon- 
holder  rack,  and  the  last  drives  a fly.  This  fly  is 
controlled  by  a spring  detent  h fixed  on  a connect- 
ing spring  which  acts  also  as  a connecting  bar  to 
give  the  cage  an  approximately  parallel  motion. 
The  solenoid  K,  in  the  lamp  circuit,  attracts  its 
core  15,  situate  under  a contact  piece,  in  opposition 
to  a spring.  Should  the  feed  gear  stick  or  the 
carbons  break,  the  solenoid  K will  release  its  core 
and  make  a short  circuit  for  the  current,  from  the 
lamp  frame  through  the  resistance  'W  (equal  to  the 
arc)  to  the  insulated  terminal  I.  Should  the  carbons 
again  meet,  the  current  will  divide  between  them 
and  the  resistance  ^V  and  the  core  15  will  be  drawn 
from  the  contact  piece. 

2,879. — E.  Tyer,  London.  Railway  Signalling, 
&C.  lOd.  (16  figs.)  July  5. 

Electric  Light. — The  circuit  of  an  incande- 
scence lamp  is  completed  by  the  passage  of  a train 
over  one  part  of  the  line,  and  broken  so  soon  as  the 
train  leaves  that  portion  of  the  line. 

2,930. — E.  P.  Ward,  London.  Electric  Lamps. 
2d.  July  5. 

Incande.scence  Lamps. — Iron  or  steel  wires  are 
used  in  place  of  the  usual  platinum  conducting 
wires,  each  being  first  coated  with  glass,  the  two 
coatings  are  then  connected  together  by  fusion  at  a 
suitable  distance  from  one  end,  and  one  afterwards 
fused  to  the  stem  of  the  lamp  bulb. 

2,944. — J.  P.  Hooper,  London.  Manufacture  of 
Electric  Telegraph  Wire  Ropes  or  Cables. 
Cd.  (1  fig. ) July  5. 

Conductors. — To  prevent  the  springiness  and 
tendency  to  kinking  of  a cable,  the  sheathing  is 
made  with  strands  having  alternately  a right-hand 
and  left-hand  lay  ; as  shown  in  the  illustration  A is 


the  core,  B a covering  of  hemp,  and  C Ci  the  alter- 
nate strands  forming  the  outer  sheathing.  Twm 
machines,  revolving  in  opposite  directions,  are  used 
in  the  manufacture,  the  right-hand  strands  being 
laid  on  by  one  and  the  left-hand  strands  by  the 
other. 

2,954. — P.  Jensen,  London.  (T.  A.  Eduon, 
New  Jersey,  U.S.A.)  Electric  Machines. 

6d.  (8  figs.)  July  6. 


Dvnamo-Electric  Generator. — The  invention 
relates  firstly  to  constructing  the  armature  without 
an  iron  core,  and,  secondly,  to  constructing  a gene- 
rator so  that  it  will  generate  a continuous  current 
of  high  E.M.F.  in  the  same  direction  without  the 
use  of  “ pole  changers,”  all  the  inductive  portions 
of  the  armature  being  constantly  in  circuit,  and  the 
internal  resistance  very  low.  This  is  accomplished 
by  constructing  the  armature  as  a disc  divided  into 
radial  sections  1 to  16  (Fig.  1).  These  sections  are 
bare  copper  bars  joined  edgewise  by  insulating 

Fig.  1 


Fig.  2 


material,  shown  by  black  radial  lines  in  the  draw- 
ing. The  radial  bars  are  turned  outwardly  at 
their  inner  ends  (Fig.  2),  and  are  each  separately 
connected  to  one  of  the  insulated  circular  plates  E 
surrounding  the  hub.  Each  plate  has  a tongue, 
turned  outwardly  and  secured  in  a groove  of  the 
commutator  cylinder.  “The  bars  nearest  to  dia- 
metrically opposite  positions  are  in  this  way  con- 
nected together  in  pairs,  and  with  a commutator 
between  them,”  as  diagramatically  shown  in  Fig.  1. 
The  bars  revolve  between  magnetic  poles  (Fig.  2), 
and  outside  these  are  surrounded  by  concentric 
insulated  copper  rings  Gi  to  G®.  The  number  of 
exterior  rings  and  of  plates  on  the  boss  is  severally 
half  that  of  the  radial  bars.  Each  ring  is  con- 
nected to  two  of  the  metal  bars,  as  shown  by  white 
lines  in  Fig.  1,  and  connects  two  radial  bars,  the 
terminal  bar  of  one  opposite  pair  being  thereby 
connected  to  the  initial  bar  of  another  pair,  so  as 
to  make  a continually  closed  circuit  through  all 
the  bars.  The  method  of  connecting  the  bars  and 
rings  together  and  to  the  commutator  is  described. 
The  concentric  rings  being  outside  the  polar  field 
generate  no  current.  The  neutral  line  extends 
vertically  through  the  centre  of  the  armature,  the 
brushes  P N making  contact  at  the  ends  of  a hori- 
zontal diameter  ; the  bars  next  the  neutral  line 
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are  connected  with  tlie  central  side  commutator 
bars  as  sliown.  To  strengthen  the  disc  a supple- 
mentary disc  may  be  added  formed  by  winding  a 
thin  strip  of  iron  around  the  hub  in  spiral  convolu- 
tions with  a strip  of  paper  interposed.  Around 
this  disc  is  shrunk  an  iron  ring,  and  radial  bolts 
are  passed  through  holes  in  the  disc,  and  screwed 
into  the  hub.  From  its  spiral  shape  this  disc 
iloes  not  cut  the  lines  of  force,  but  becomes  a 
detached  portion  of  the  magnet.  Or  the  copper 
bars  may  be  made  double  with  a strengthening 
disc  between  them.  Fig.  4 illustrates  the  applica- 
tion of  concentric  rings  for  making  the  multiple 
Fk;.  ;i 


arc  connections  of  the  copper  bars  in  a generator  or 
motor  having  an  armature  consisting  of  a cage  of 
copper  bars  united  at  their  ends  in  pairs  by  discs. 
At  each  eml  of  the  cylindrical  armature  is  arranged 
a series  of  insulated  copper  rings  C C',  placed  out- 
side the  polar  extensions  of  the  field  magnets. 
Each  ring  is  provided  with  two  projecting  fingers 
c,  which  are  turned  inwardly  and  connected  with 
the  ends  of  the  proper  longitudinal  bars.  Midway 
between  the  fingers,  at  the  commutator  end  of  the 
armature,  each  ring  is  connected  with  a bar  of  the 
commutator  cylinder  by  means  of  an  angular  piece  d. 

2,989. — J.  Hopkinson,  London.  Apparatusfor 
T ransmission  of  Power  by  Electricity.  6d. 
(7  figs.)  .July  7. 

Motors. — This  invention  relates  to  the  use  of  a 
spring  in  combination  with  the  reversing  arrange- 
ment desciibed  in  Patents  Nos.  2,481  and  4,653  of 
1879,  for  throwing  the  brushes  into  a neutral  posi- 
tion when  the  load  is  removed  ; and  to  a method 
of  varying  the  speed  of  vehicles,  &c.,  propelled  by 
electricity,  by  using  two  or  more  motors  having  two 
or  more  independent  circuits  and  coupling  them  in 
parallel  circuit  or  in  series  for  high  or  low  speeds 
respectively. 

3,010. — H.  Gardner,  London.  (E.  Roe,  Perth, 
West  Austredia.)  Signalling  Code  and  Appa- 
ratus. 8d.  (5  figs.)  .Inly  8. 

Electric  Light. — The  “ electric  light  may  be 
employed  for  transmitting  the  signals.” 


*3,015.— W.  R.  Lake,  London.  (J.  J.  C.  IF. 

Greb,  Frankfort- on- the  ■ Maine.)  Electric 
Lighting  Apparatus.  4d.  .July  8. 

Arc  Lamp. — This  provisional  specification  gives 
a long  description  of  an  arc  lamp,  but  does  not 
contain  any  drawings.  The  lamp  is  intended  to 
burn  in  series  with  other  like  lamps,  and  includes 
a carbon  resistance  that  is  put  in  circuit  when  the 
lamp  fails.  Although  the  details  of  the  mechanism 
are  minutely  described,  in  the  absence  of  drawings 
the  action  cannot  well  be  gathered  from  the  speci- 
fication. 

3,032. — Sir  W.  Thomson,  Glasgow.  Regu- 
lating Electric  Currents,  &c.  lOd.  9 figs.) 
July  9. 

Secondary  B.atteries. — This  invention  relates 
to,  firstly,  an  automatic  appliance  for  regulating 
by  means  of  electro-magnetic  force,  the  work  of  an 
electric  accumulator  by  increasing  or  diminishing 
the  number  of  working  cells.  One  appliance  gives 
a constant  strength  of  current  and  another  constant 
electromotive  force.  In  the  former  case  the  electro- 
magnetic force  due  to  the  whole  current  flowing 
through  a short  thick  coil  is  used,  in  the  latter 
case  the  force  of  a branch  current  through  a fine 
coil  connecting  the  working  electrodes  is  used.  A 
(Fig.  1)  is  the  first  plate  of  the  first  cell  of  the 
battery,  B the  connected  second  plate  of  the  first 
cell  and  first  plate  of  the  second  cell ; C,  U,  E, 
&c.,  represent  the  other  plates;  h-.  Id  c-,  &c., 
are  insulated  studs.  The  studs  fd  to  /d  are  con- 


nected to  the  plates  A,  B,  C,  &c.,  by  short  thick 
wires;  b"  to  P by  wires  having  considerable  resist- 
ance, each  doubled  on  itself  to  minimise  the 
electro-magnetic  inertia.  The  plate  A is  connected 
by  the  wire  W to  the  working  circuit  or  to  the 
charging  circuit ; R is  a roller  by  which  one  or  two 
of  the  studs  are  put  in  connection  with  the  work- 
ing or  charging  circuit  by  the  wire  Wb  The  con- 
nection may  also  be  made  by  letting  the  roller  run 
in  a V groove  of  which  one  of  the  sides  is  composed 
of  the  Hat  inclined  faces  of  the  said  studs,  and  the 
other  side  of  a straight  continuous  metal  bar  to 


Abstracts  of  Patents. — 1881. 


clxxix 


whicli  the  wire  is  connected.  Tliis  plan  is 
shown  in  Fig.  2.  The  invention  relates,  secondly, 
to  keeping  tlie  strength  of  an  electrie  current  or 
the  electric  force  between  two  conductors  nearly 
constant  when  changes  arc  made  in  the  work,  and 
in  cases  where  a simpler  appliance  has  not  the 
requisite  power  to  effect  the  regulation.  It  con- 
sists in  applying  a small  electric  motor  to  do  the 
work  needed  to  diminish  the  steam  power  for 
driving  the  main  generator,  or  to  diminish  the 
b.attery  or  accumulator.  An  electro-magnetic  make- 
and-break  is  used  to  move  the  contacts  for  throw- 
ing on  and  off  tlie  small  motor.  When  it  is  the 
strength  of  the  current  that  is  to  be  regulated,  the 
poles  of  the  motor  are  connected  to  points  of  the 
main  circuit  on  the  two  sides  of  a contact,  which  is 
broken  when  the  current  is  too  strong,  and  made 
again  when  the  current  is  not  too  strong.  When 
it  is  the  electromotive  force  that  is  to  be  regulated, 
one  pole  of  the  motor  is  kept  in  connection  with 
one  of  the  main  conductors.  The  other  is  put  in 
connection  with  and  removed  from  the  main  con- 
ductor according  to  the  electromotive  force.  In 
each  case  the  instantaneous  effect  of  throwing  the 
coils  of  the  motor  into  circuit  is  to  check  sud- 
denly the  electric  action.  In  the  former  case  this 
is  done  by  augmentation  of  resistance  in  the  main 
circuit,  and  in  the  latter  by  shunting  part  of  the 
current  through  the  motor  coils.  When  the  cur- 
rent or  electromotive  force  becomes  too  weak,  a 
corresponding  automatic  arrangement  directs  an 
electromotor  to  augment  the  e.xciting  power  l)y  a 
reverse  action  to  that  described  above.  The  same 
motor  may  serve  both  purposes  by  being  arranged 
to  run  in  either  direction.  Any  type  of  motor  may 
be  used.  That  shown  in  Fig.  2 is  a steel  magnet 
surrounded  by  a movable  coil,  which  does  its  work 
by  a suigle  stroke.  E is  the  movable  coil ; W is  a 
counterpoise  to  it,  and  M the  actuating  steel 
magnet  in  the  regulating  motor ; e,  w,  and  repre- 
sent the  similar  parts  made  smaller  in  the  primary 
regulator  or  double-acting  relay  as  it  may  be 
called;  F is  a pan  to  receive  adjustment  weights 
when  the  regulating  motor  is  used  without  relay  ; 
R is  the  contact  roller  similar  to  that  in  Fig.  1 ; 
S S are  the  studs  forming  one  side  of  a V groove  in 
which  R rolls  ; V is  a continuous  bar  forming  the 
other  side  of  the  groove  ; B B is  a guiding  carriage 
for  the  roller.  The  roller  and  groove  are  at  a con- 
siderable distance  below  the  level  of  the  motor, 
and  the  former  is  moved  by  a long  arm  depending 
from  the  shaft  K K,  according  to  the  current  pass- 
ing through  the  coil ; Q q represent  contacts  made 
by  the  double-acting  relay  so  as  to  send  currents 
in  opposite  directions  through  E according  as  e 
tilts  w up  or  down.  A resistance  coil  is  illustrated 
in  the  specification  made  from  a coil  of  iron  wire, 
the  rings  of  which  can  be  successively  thrown  in 


and  out  of  contact  by  a roller  and  groove  such  as 
Fig.  1.  The  third  part  of  the  invention  relates  to 
an  automatic  make-and-break,  by  which  the  charg- 
ing circuit  of  an  accumulator  is  made  or  broken 
according  as  tlie  electromotive  force  does  or  does 
not  suffice  to  add  to  the  charge  in  the  accumulator, 
and  is  also  broken  when  the  current  is  stronger 
than  desired.  In  this  apparatus  a balance  beam 
carries  at  one  end  a fine  and  at  the  other  a thick 
wire  coil,  each  surrounding  a vertical  magnet  such 
as  M (Fig.  2).  The  ends  of  the  fine  coil  are  connected 
to  two  cups  of  mercury,  and  the  ends  of  the  thick 
coil  dip  into  the  said  cups,  which  are  so  placed  that 
when  the  beam  tilts  Q up,  one  or  both  of  its  ends 
are  lifted  out  of  the  mercury.  One  mercury  cup 
is  connected  to  one  pole  of  the  generator,  and  the 
other  cup  to  the  corresponding  pole  of  the  accumu- 
lator. The  other  poles  of  the  source  and  accumu- 
lator are  permanently  connected.  When  a current 
passes  through  the  fine  coil  in  the  proper  direction 
the  beam  is  tilted,  and  a circuit  is  made  through 
the  mercury  cups  and  the  thick  wire  coil  to  keep  it 
I down.  Should  the  charging  current  at  any  time 
cease,  or  be  reversed,  the  beam  rises  and  the 
mercury  contacts  are  broken.  The  fourth  part  of 
the  invention  consists  of  arrangements  for  applying 
the  accumulator  or  parts  of  it  to  the  source  when 
recharging  is  required,  and  freeing  the  accumulator 
or  parts  of  it,  when  ready  for  work,  and  applying 
them  to  the  work  when  wanted.  Briefly  this  is 
effected  by  separating  the  battery  into  parts  by 
additions  of  cells  to  one  end  of  a series,  and  taking 
off  cells  from  the  other  end  of  the  same  series 
and  joining  the  detached  parts,  whether  in  series 
or  parallel,  so  that  while  some  of  the  parts  are 
doing  work  others  may  be  receiving  a fresh  charge. 
To  do  this  automatically  two  circuits  are  arranged 
in  the  form  of  neighbouring  circles.  Either  of  these 
circuits  may  be  broken  at  any  point ; the  first 
circle  is  permanently  broken  at  a point,  and  the 
two  charging  electrodes  are  applied  to  the  two 
contact  pieces  thus  separated.  Similarly  the 
second  circuit  is  broken,  and  the  electrodes  lead- 
ing to  the  external  work  are  applied  to  its  separated 
contact  pieces.  “The  accumulator  is  arranged 
after  the  manner  of  Volta’s  crown  of  cups  in  the 
neighbourhood  of  these  circles.”  The  connections 
are  made  by  a shaft  rotated  at  the  proper  speed 
by  gearing  from  the  dynamo  and  fitted  with  a 
weight  having  pro]5er  projections  to  act  upon  the 
contact  pieces.  This  weight  rotates  with  the  shaft, 
and  is  lifted  gradually  and  let  fall  suddenly.  A 
modification  consists  of  a small  truck  which  carries 
contact  springs,  and  is  caused  to  traverse  the  circle 
in  a predetermined  time. 

3,053. — L.  Jacobson,  Berlin.  Battery  Tele- 
phones, &c.  fid.  (14  figs.)  .July  12. 
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Induction  Coil. — Tlie  core  is  covered  with  one 
coil  of  tlie  primary  wire,  over  this  the  coils  of  the 
secondary  wire  are  laid,  and  over  this  again  the 
remaining  coils  of  the  primary  wire  are  wound. 

*3,073. — D.  Graham,  Glasgow.  Lamp  Casings 
or  Holders  for  Containing  and  Protecting 
Electric  Lights,  &c.  2d.  July  14. 

L.\ntern.— A glass  globe  is  elastically  cushioned 
between  an  upper  and  lower  metallic  portion,  and 
is  protected  by  wires  shaped  to  the  contour  of  the 
glass.  The  upper  and  lower  parts  are  locked 
together  by  a padlock.  When  contact  points  are 
used  in  mines  they  are  covered  with  oil  or  water, 
or  are  situated  within  a sealed  tube. 

3,122. — St.  G.  L.  Fox,  London.  Electric 
Bridges  for  Lamps.  2d.  July  18. 

Incande.scence  Lamp — The  filaments  are  made 
from  fibre,  preferably  the  roots  of  an  Italian  grass 
(Andropogon  Ischoemum,  or  Chrysopogon  Gryllus). 
The  fibres  are  boiled  in  a solution  of  caustic  soda 
or  potash,  their  outer  skins  removed,  and  they  are 
then  boiled  in  water.  The  fibres  are  straightened 
while  still  damp  and  are  then  bound  together  and 
stretched  on  a block  of  carbon,  buried  in  plumbago, 
or  hermetically  seated  in  a crucible  and  raised  to 
a white  heat  in  the  usual  manner. 

*3,146.  — G.  K.  Winter,  London.  Effecting 
Intercommunication  in  the  Lighting  and 
the  Working  of  the  Brake  Mechanism  of 
Railway  Trains  by  Electricity.  4d.  .July  19. 

Electric  Light. — A generator  is  placed  on  the 
locomotive  and  supplies  current  to  an  accunudator 
carried  in  the  goods  van.  The  invention  also  com- 
prises a modification  of  the  coupling  hooks  de- 
scribed in  Patent  No.  2,C37  of  1874,  a combina- 
tion of  the  means  of  intercommunication,  and  an 
electric  brake  system. 

3,166. — W.  Morgan-Brown,  London.  (G.  P. 
llardimj,  Paris.)  Electric  Lamps.  6d. 
(5  figs.)  .July  20. 

Arc  Lamp. — As  will  be  seen  in  Fig.  1,  the  upper 
carbon  is  suspended  by  a chain,  its  descent  being 
regulated  by  an  escapement  B,  wliich  is  actuated 
by  an  automatic  make-and-break  placed  in  a shunt 
circuit.  The  escapement  has  a recoil  action, 
arranged  so  that  the  recoil  is  equal  to  any  desired 
amount  of  the  feed,  and  which  “ serves  to  produce 
the  arc  by  giving  falls  of  precise  measure  and 
separation  of  the  carbons  after  contact.”  The 
telescopic  carbon-holder  1)  may  be  replaced  by  a 
chain  and  guides.  “ The  action  of  the  current  is 
to  pass  through  tlie  coil  and  attract  the  armature, 
which  moving  the  escapement  allows  one  tooth  to 


pass  and  the  carbon  to  fall.  Contact  is  then  made 
by  platinum  point  and  the  armature  feed,  when 
escapement  moves  back  and  recoil  is  obtained. 
This  takes  place  until  carbons  are  in  contact,  and 
on  separation  by  recoil  the  lamp  is  lighted.”  A 
clutch-lamp  is  shown  in  Fig.  2.  The  holder  passes 


through  the  spring-clip  A,  fixed  on  the  armature 
B.  On  the  failure  of  current  the  armature  and 
clip  descend,  and  the  holder  is  released,  until  the 
increased  current  raises  the  clip,  and  drawing  the 
jaws  within  the  ring  E compresses  them  and  lifts 
the  carbon.  In  a third  form  of  lamp  two  pivotted 
armatures  close  upon  the  holder  when  attracted, 
after  the  manner  of  “ devil’s  claws.” 

3,169. — A.  M.  Clark,  London.  ( IF.  Lauuj,  Paris.) 
Electric  Machines.  4d.  July  20. 

CoMMDT.VTOR.s. — To  obviate  the  heating  of  the 
commutator  when  used  with  an  alternating  current 
generator,  it  is  arranged  to  work  in  a box  filled 
with  water. 

*3,177. — T.  J,  Mayall,  Reading,  U.S.A.  Insu- 
lated Coatings  and  Covers,  or  Cases  for 
Telegraphic  Wires  and  Cables,  &c.  4d. 

July  21. 

Conductors. — Copper  wires,  laid  parallel  with 
each  other,  are  enclosed  between  tu’O  wide  con- 
tinuous bands  of  india-rubber,  which  are  then 
cemented  together  and  vulcanised.  Such  strips 
arc  packed  edgewise  in  underground  troughs. 

3,187.  W.  R.  Lake,  London.  (,/.  V.  I^ichols, 
lirookhjn,  U.S.A.)  Electric  Lamps,  &c. 
(id.  (7  figs.)  .Tuly  21. 

Incande.scence  L.vmi’s. — Tlie  conducting  wires 
are  first  embedded  in  a small  circular  disc  of 
vitreous  cement,  such  as  a composition  of  potash, 
silica,  and  oxide  of  iron  and  copper  ; this  disc  is 
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sealed  directly  into  the  opening  of  the  main  globe, 
and  the  exterior  surfaces  are  smoothed  over.  In  the 
illustrations  15  is  the  disc  of  cement,  with  extensions 
upwards  around  the  conductors.  The  globe  is  made 


in  the  form  of  a cylinder  with  hemispherical  ends. 
The  copper  conductors  are  passed  through  holes  in 
the  ends  of  the  filament  and  clamped  over,  the  con- 
nections being  afterwards  electro-plated. 

3,189. — W.  R.  Lake,  London.  {H.  S.  Maxim, 
Brooklyn,  New  York,  U.S.A.)  Electric 
Lamps,  &c.  8J.  (11  figs.)  July  21. 

Incandescence  Lamps.  — Several  methods  of 
manufacturing  incandescing  conductors  are  de- 
scribed. The  first  consists  in  cutting  the  blank 
from  fibrous  material,  carbonising  the  same,  bend- 
ing the  carbonised  strips  into  the  desired  shape, 
and  then  electrically  heating  them  to  give  them  a 
permanent  set ; the  second  in  cutting  the  strips 
from  previously  carbonised  sheets,  and  then  bendmg 
and  heating  them  ; the  third  in  carbonising  and 
electrically  heating  in  a carbonaceous  vapour  narrow 
sheets,  and  cutting  the  filaments  from  them.  B 
(Fig.  1)  is  a stopper  moulded  with  two  indentations 
on  each  side.  By  means  of  a drill  these  indenta- 
tions are  extended  through  the  glass,  and  through 
the  holes  thus  obtained  slightly  tapering  wires  D D 
are  drawn,  covered  with  powdered  gum  copal.  The 
whole  is  then  heated,  and  the  wires  drawn  further 
into  the  holes.  E E are  two  eonductors  united  at 
the  upper  end  to  a block  of  the  same  or  other 
material.  Another  method  of  inserting  the  wires 
D D is  to  make  them  in  the  form  of  taper  steel 
plugs  and  grind  them  into  their  places.  A lamp 
with  such  connections  is  shown  having  two  or  more 
filaments.  The  lamp  can  be  rotated  about  a central 
plug,  which  makes  contact  with  one  end  of  each 
filament,  thus  bringing  the  filaments  successively 
in  contact  with  the  line  wires.  Another  method  of 
sealing  the  conductors  into  the  glass  stopper  is 
shown  in  Figs.  2 and  .8.  Each  conductor  has 


grooves  or  threads  formed  around  part  of  it  (Fig.  3), 
and  on  such  portion  a small  (juantity  of  vitreous 
cement,  or  a composition  of  potash,  silica,  and  the 
oxides  of  iron  and  copper  is  caused  to  adhere  while 
hot,  about  which  when  hard  a second  layer  of  the 
material,  but  containing  a smaller  proportion  of 
metal,  is  formed,  and  then  over  this  a third  layer 
of  nearly  pure  glass.  The  wires  with  their  adhering 
mass  of  cement  are  then  laid  in  a mouhl,  and  a glass 
stopper  is  formed  about  them,  which  is  ground  into 


Fig.  1 Fig.  3 


the  open  neck  of  the  lamp  globe.  Fig.  4 is  an  ele- 
vation of  a lamp  and  bracket.  The  bars  C and  D 
are  insulated  from  each  other,  and  are  attached 
at  their  ends  to  circular  segmental  plates  C D', 
C'l  x)ii  (Figs.  5 and  0).  These  are  bound  together 
by  clamping  screws  between  washers  of  insulating 
material.  The  screw  G serves  to  fix  the  bracket  to 
its  support ; the  other  screw  G'  clamps  the  frame 
to  the  lamp  holder.  S is  a circuit  breaker. 

3,190. — R.  H.  Hughes,  London.  Fittings  for 
Electric  Lamps,  &c.  6d.  (17 figs.)  July2I. 

Fittings. — The  fittings  may  be  specially  con- 
structed, or  gas  fittings  adapted.  At  Fig.  1 is 
shown  one  method  of  making  and  breaking  contact 
between  the  conductors  1 and  3,  by  means  of  a 
metal  plug  in  which  is  a piece  of  insulating  material 
shown  in  solid  block.  In  Fig.  2 the  parts  of  the 
apparatus  carrying  the  contacts  are  moved  towards 
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each  other  by  a rack  and  p’nion.  Several  modifi- 
cations of  a similar  kind  are  illustrate  1.  The  globe 
of  the  lamp  is  mounted  on  a sliding  tube,  capable, 


when  raised,  of  being  locked  in  position.  When 
the  wires  will  not  pass  through  the  centre  of  the 
fittings,  an  outside  groove  is  cut  in  which  they  are 
embedded. 

3,211.— H.  H.  Lake,  London.  (L.  Ldtrange, 
Paris.)  Obtaining  Zinc  from  its  Ore,  &c. 
8d.  (2  figs.)  July  22. 

Dynamo-Electric  Generator. — A “Gramme  ” 
or  other  suitable  generator  is  employed  to  precipi- 
tate the  metallic  zinc. 

3,214. — A.  M.  Clark,  London.  (L.  J.  Boutdl- 
loux  and  W.  Laing,  Paris.)  Electric  Lamps. 
8d.  (15  figs.)  July  22. 

Arc  Lamps. — In  this  lamp  one  of  the  carbon 
electrodes  has  a central  core  of  insulating  material 
for  the  other  to  bear  against.  In  the  first  lamp 
described  a vertical  solid  carbon  rod  abuts  against 
a non-conducting  core  within  a hollow  carbon 
cylinder.  The  arc  is  formed  between  the  rod  and 
the  cylinder,  the  feeding  being  effected  by  gravity, 
the  upper  electrode  descending  as  the  non-con- 
ducting material  fuses.  One  electrode  may  be 
constructed  of  three  concentric  cylinders,  viz., 
a central  rod  of  carbon,  an  intermediate  cylinder 
of  kaolin,  and  an  external  cylinder  of  carbon. 
A second  lamp  has  the  electrode  arranged  hoii- 
zontally,  the  weight  of  the  lamp  acting  as  the 
propelling  power.  In  a third  lamp  an  arc  is  drawn 
while  the  non-conducting  core  is  also  retained. 
The  solid  electrode  is  forced  upwards  by  a spring, 
its  rate  of  travel  being  regulated  by  an  electro- 
magnet placed  in  a shunt  circuit,  and  acting  on 
a spring  brake.  This  lamp  may  be  arranged 
to  establish  its  arc  by  the  brake-shoe  tilting 
the  carbon  sideways  until  it  comes  in  contact 
with  one  edge  of  the  cylindrical  outer  carbon. 
The  lower  carbon  may  be  arranged  to  move  by  a 
counterweight,  and  have  its  motion  cheeked  by  a 


train  of  wheels.  In  another  form  of  lamp,  shown 
in  the  illustrations,  two  inclined  carbons  meet  at 
a point  below  a tubulous  carbon  having  a non- 
conducting core,  and  sliding  within  a tube /,  pro- 
vided with  a contracted  orifice  to  prevent  the 
cylinder  falling  out.  The  tubular  electrode  is 


closed  by  a plug  of  carbon  to  facilitate  the  first 
lighting.  The  inclined  carbons  are  fed  upwards 
by  a chain  and  weight,  and  when  extinguished  are 
separated  by  the  electro-magnet  A (placed  in  a shunt 
circuit)  to  allow  them  to  rise  and  make  contact 
witli  the  upper  one.  S is  a reflector.  The  cores 
may  be  made  of  various  materials  when  it  is 
desired  to  give  colour  to  the  light. 

3,231. — E.  G.  Brewer,  London.  [T.  A.  Edi.son, 
Neiu  Jersey,  U.S.A.)  Commutators  for 
Dynamo  or  Magneto-Electric  Machines, 
&c.  Cd.  (3  figs.)  July  23. 

CoMMUT.\TORS. — To  minimise  the  sparking  it  is 


subdivided,  since  “the  spark  at  each  part  is  re- 
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duccd  about  as  the  square  of  the  number  of 
points  at  which  the  circuit  is  broken.”  The 
insulation,  shown  black  in  the  illustration,  is 
widened,  and  the  conducting  bars  narrowed  at  one 
end  of  the  commutator,  and  upon  this  portion  a 
single  brush  c is  arranged  to  boar  noticeably 
behind  the  ends  of  the  main  brushes  d d.  This 
‘ ‘ isolated  l)rush  ” is  not  conneeted  with  the  main 
brushes  directly  but  with  a series  of  breaking 
points  on  a “ breaking  cylinder”  B,  provided  with 
conducting  bars  and  insulated  spaces  correspond- 
ing with  those  on  which  the  “ isolated  brush  ” 
bears.  In  working,  the  local  circuit  between  two 
bars,  and  a portion  of  the  main  circuit,  are  con- 
tinued through  each  “ isolated  brush  ” after  the 
main  brushes  have  left  each  commutator  bar,  so 
that  no  spark  is  produced  at  the  points  of  the  main 
brushes.  When  each  “isolated  brush”  leaves  a 
commutator  bar,  the  current  passing  through  it  is 
also  broken  at  a number  of  points  on  the  breaking 
cylinder  simultaneously  with  the  breaking  of  the 
current  on  the  commutator  cylinder.  The  connec- 
tions are  clearly  shown  on  the  draw'ing,  1 being 
the  main  conductor.  There  is  a corresponding  set 
of  brushes  on  the  opposite  side,  but  these  are  not 
shown. 

3,240. — T.  E.  Gatehouse,  London.  Obtaining 
Electric  Light,  &c.  6d.  (10  figs.)  July  25. 

Incandescence  Lamps. — To  regulate  the  amount 
of  current  passing  through  the  platinum  filament, 
a carbon  filament  is  employed,  and  coupled  in 
parallel  circuit  with  the  platinum,  the  resistance 
of  the  platinum  increasing  and  that  of  the  carbon 
decreasing  as  the  temperature  rises.  Fig.  1 shows 
the  arrangement  diagrammatically  : P is  the  pla- 
tinum filament,  C a carbon  shunt  adjustable  by  the 
sliding  contact  S : W W'  are  the  leads.  Fig.  2 


Fig.  1 Fig.  2 Fig.  3 

shows  an  actual  lamp,  the  same  letters  indicating  j 
similar  parts.  The  connections  J F are  bound  ; 
with  iron  wire,  which  combines  with  any  oxygen 
that  may  leak  into  the  globe.  The  conducting 
wires  are  passed  through  a mass  of  “Chatterton’s 
compound,”  w'hich  slightly  melts  and  forms  a seal. 
Fig.  3 “represents  a lamp  in  which  the  carbon 
filament  C is  alone  placed  inside  a crescent-shaped 
exhausted  globe  G,  the  platinum  incandescent 


filament  being  placed  outside.”  In  a fourth  lamp 
the  carbon  shunt  is  arranged  in  the  base  or  standard. 
In  a fifth  both  filament  and  shunt  are  carried  on 
a spiral  spring.  One  or  more  lamps  may  be  regu- 
lated by  a single  shunt,  the  length  of  which  is 
a ljusted  by  a contact  roller  moved  by  a solenoid 
in  the  main  circuit.  A resistance,  as  a substi- 
tute for  the  lamp  when  not  burning,  may  be 
combined  with  each  lamp  base.  When  it  is  desired 
to  modify  the  light  by  hand,  an  adjustable  contact 
brush,  connected  to  one  terminal  of  the  circuit,  is 
arranged  to  slide  over  a slip  of  earbon  connected  to 
the  other  terminal. 

3,254. — H.  H.  Lake,  London.  (D.  Brooh^,  Phila- 
delphia.) Cables  or  Conductors  for  Tele- 
graphic Purposes,  &.C.  6d.  (5 figs.)  July26. 

Conductors. — Each  wire  is  wound  with  fibrous 
material  and  over  this  wfith  a wire.  Several  such 
wires  are  held  together  with  a metal  ribbon,  and 
enclosed  w'ithin  a lead  pipe  into  which  insulating 
material  is  injected  from  a closed  receiver,  the 
impelling  force  being  the  elasticity  of  the  vapour 


of  a volatilised  hydro-carbon,  “the  w'rappings  being 
in  contact  wdth  each  other,  and  with  the  enclosing 
pipe  form  an  electrical  communication  between  all 
the  metallic  wrappings  inside  the  pipe  and  the  pipe 
itself,  whereby  the  induced  currents  are  carried  off 
to  the  exterior  pipe,  and  the  inductive  effect  on  the 
other  wdres  lessened.  ” 

3,274. — D.  Graham,  Glasgow.  Lamp  Casings 
or  Holders  for  Containing  and  Protecting 
Electric  Lights,  &c.  lOd.  (15  figs.)  July  26. 

Lanterns.— When  applied  to  an  incandescence 
lamp  the  upper  part  is  hollow,  to  I'eceive  the  stem 
and  contact  pieces  of  the  lamp,  and  is  connec- 
ted with  the  lantern  by  bayonet  or  other  joints. 
The  lantern  consists  of  upper  and  lower  metallic 
portions,  embracing  a globe  between  them.  For 
use  in  houses,  &c.,  the  lamp  casing  is  made  as  a fiat 
or  curved  or  conical  reflector.  Electric  lamps  are 
also  made  according  to  this  invention,  so  that 
when  hung  upon  a properly  constructed  support, 
suitably  connected  to  the  leading  wires,  they 
instantly  light,  cutting  a resistance  coil,  that 
replaces  them,  out  of  circuit.  In  mines,  where  it 
is  dangerous  to  have  a spark,  the  contact  is  made 
and  broken  in  mercury  covered  with  -water. 

3,283. — S.  Pitt,  Sutton,  Surrey.  [S.  J.  M.  Bear, 
Mitchell,  loica,  U.S.A.)  Electric  Generators. 
Sd.  (12  figs.)  .July  26. 

Dynamo-Electric  Generators. — The  object  of 
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this  invention  is  to  permit  the  poles  of  the  field 
magnets  and  the  armature  to  be  brought  into  con- 
tact with  each  other,  wliieh  is  effected  by  so  com- 


bining the  two  that  the  armature  shall  roll  upon 
the  field  magnets.  The  illustrations  show  one 
method  of  can-ying  out  the  invention,  in  which  A C 
are  the  field  magnets  and  B the  armature.  Each 
core  pieee  has  five  polar  extensions  a a with  insu- 
lating material  h interposed  between  them.  The 
three  are  geared  together  and  roll  in  contact.  The 
meetings  of  the  polar  extensions  of  the  field  magnets 
and  those  of  the  armature  cause  electrical  impulses 
which  are  collected  by  any  suitable  commutator. 
In  a second  generator  a Gramme  ring  rolls  between 
two  Siemens  armatures.  In  a third  the  cylinder  B 
is  replaced  by  a number  of  bobbins  set  radially 
upon  an  axis  with  their  polar  extensions  suitably 
arranged.  In  a fourth,  two  Siemens  armatures  roll 
epicycloidically  within  a cylindrical  magnetic  field. 
In  a fifth,  a bobbin,  such  as  B,  with  starlike  polar 
extensions,  has  an  epicycloidal  movement  in  a 
cylindrical  magnetic  field.  In  a sixth,  a Siemens 
armature  revolves  against  a cylinder  formed  of  ten 
electro-magnets  set  radially,  the  cylinder  being  five 
times  the  diameter  of  the  armature.  In  a seventh, 
a shaft  provided  with  two  coils  has  cranks  at  its 
extremities,  on  which  are  discs  rolling  within 
magnetic  fields. 


is  so  arranged  that  by  turning  the  screw  the  point 
of  the  electrode  is  moved  to  or  from  the  rod  k,  and 


by  turning  the  serew  f - it  is  moved  sideways.  The 
catch  (j  stops  the  wheelwork  when  the  solenoid  a is 
excited.  The  feed  mechanism  is  of  the  Serrin  type. 

3,362. — Dr.  J.  Hopkinson,  London.  Electric 
Lamps,  &c.  6d.  (7  figs.)  August  3. 

Arc  Lamps. — This  invention  relates  to  a com- 
bination of  means  for  utilising  fluid  friction  in 
regulating  the  feed  of  the  carbons,  u ithout  retard- 
ing the  motion  of  the  armature  in  establishing  the 
arc,  with  an  appliance  for  holding  and  releasing  the 
carbon  holder.  In  Fig.  1,  is  the  armature  of  the 


*3,305. — SirC.T.  Bright,  London.  Apparatus 
for  Displaying  and  Regulating  Electric 
Light.  2d.  July  28. 

Arc  L.\mp. — In  this  lamp  the  action  of  the 
heavier  parts  is  made  more  sensitive  to  minute 
differences  of  current  by  the  employment  of  a relay 
regulator.  The  carbons  are  separated  by  an  electro- 
magnet, and  their  feed  regulated  by  a second 
electro-magnet,  which  comes  into  action  when  the 
relay  circuit  is  completed.  A rack  rod  and  train  of 
wheels  are  used,  the  last  wheel  being  an  escape- 
ment either  controlled  by  an  electro-magnet,  or 
rotating  in  a trough  of  mercury. 

3,349. — A.  W.  L.  Reddie,  London.  (D.  A. 
ChcrtemjiK,  Paris.)  Electric  Lamps.  Gd. 
(2  figs. ) August  2. 

Arc  Lamp. — This  invention  relates  especially  to 
the  carbon-holders,  and  consists  in  providing  the 
lower  one  with  a bracket  e,  which  carries  it  clear  of 
the  rod  and  so  permits  a long  length  to  be  used. 
The  upper  holder  is  jointed  in  two  directions,  and 


Fig.  1 Fig.  2 


controlling  magnet  of  the  lamp  ; in  it  is  fixed  a 
vertical  tube  c,  rather  longer  than  the  acting  length 
of  the  carbon,  and  closed  at  the  top  by  a cap  from 
which  depends  a rod  d,  ending  in  a perforated 
piston  '/  and  a short  tube  Between  the  piston 
and  the  outer  tube  is  a cylinder  e filled  with  viscous 
fluid,  and  acting  at  its  lower  end  as  the  carbon- 
holder;  f is  a bent  lever  provided  at  its  outer  end, 
which  stands  over  or  rests  upon  an  adjustable  stoji, 
with  a counterweight.  It  has  a toe-piece/-,  which 
bears  against  the  cylinder  c,  and  jams  it  when  the 
free  end  is  clear  of  the  stop.  IV hen  the  current 
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passes,  tlic  cleetro-iiiagnct  attracts  the  annature  in 
opposition  to  a spring,  lifting  it,  the  outer  and 
inner  tubes,  and  the  piston,  and  tints  establishes 
the  arc.  As  the  carbons  M'astc,  the  armature  falls 
and  the  long  arm  of  the  lever  f coming  in  contact 
with  its  stop,  the  pressure  on  the  toe-piece  /2  is 
reduced,  and  the  cylinder  c descends  slowly,  rela- 
tively to  the  tube  c,  and  the  piston  y,  and  adjusts 
the  arc.  In  a modification  two  magnets  are  em- 
ployed, one  in  the  lamp  circuit  to  establish  the  arc, 
and  one  in  a shunt  circuit  to  regulate  the  feed. 

Induction  Appar.\tus. — Fig.  2 represents  a coil 
of  wire  “with  a considerable  co-efficient  of  self- 
induction,  and  so  arranged  that  this  co-efficient  may 
be  varied.  By  its  means  the  current,  trom  an 
alternating  current  generator,  may  be  varied  with- 
out interfering  with  the  generator,  or  if  an  arc  lamp 
be  used,  without  altering  the  length  of  the  arc. 
The  current  may  also  be  divided  and  arc  lamps 
burnt  in  parallel  circuit.  The  annulus  I is  formed 
of  a coiled  ribbon  of  sheet  iron,  round  which  several 
coils  m m of  insulated  wire  are  wound.  These  coils 
can  be  coupled  by  plugs  like  an  ordinary  resistance 
box.  Another  form  of  coil  is  made  like  an  ordinary 
electro-magnet  with  a U shaped  core  that  can  be 
more  or  less  intruded  into  the  bobbins.  The  current 
to  the  lamp  is  diminished  by  putting  more  coils  in 
circuit  as  required.  The  specification  contains  two 
diagrams,  the  first  showing  the  annular  coil  placed 
in  a circuit  with  several  incandescence  lamps 
arranged  in  parallel  arc,  and  the  second  illustrating 
four  arc  lamps  in  parallel  circuit  with  a coil  of  the 
second  form  in  each  lamii  circuit,  in  either  case 
the  light  being  varied  by  bringing  more  coils,  or  a 
greater  portion  of  each  coil,  into  operation. 

3,369. — K.  W.  Hedges,  London.  Working 
Gear  and  Appliances  used  in  Electric 
Lighting,  fid.  (8  figs.)  Augusts. 

Switch. — The  illustrations  show  a switch,  in 
which  the  novelty  appears  to  consist  in  the  contact 
cylinders  D D being  loose,  so  that  they  can  be 
rotated  on  their  axes  to  insure  good  contact  with 


the  terminals  B B.  When  the  handle  is  turned 
the  cylinders  slide  on  to  the  non-conducting  faces 
A A.  K is  a stop.  The  invention  also  includes 
an  instrument  consisting  of  terminals,  some  of 


which  are  connected  to  the  generators,  and  some 
to  the  leads.  By  means  of  taper  plugs  one  generator 
may  be  thrown  out  of  circuit  and  a fresh  one  sub- 
stituted for  it. 

Dynamo-Electric  Generators. — In  connection 
with  each  generator  there  is  an  alarum,  consist- 
ing of  an  electro-magnet  and  a lever,  which  falls 
when  the  current  ceases.  I'he  method  of  driving 
the  generators  is  as  follows : The  pulley  runs 
in  contact  with  and  between  the  driving  pulley 
and  an  idle  pulley,  the  centre  of  which  latter  is 
either  above  or  below  a line  drawn  through  the 
centres  of  the  other  two.  A belt  encircles  the 
whole  of  the  pulleys  nipping  the  idle  pulley,  which 
is  carried  on  a movable  arm  and  is  held  tightly 
against  the  driven  pulley. 

3,380. — W.  P.  Thompson,  London.  {J.  A.  Pel, 
Liege.)  Apparatus  for  Detecting  and  Re- 
cording the  Passage  or  Stoppage  of  an 
Electric  Current  through  a Conductor, 
fid.  (2  figs.)  August  4. 

Current  Meter. — The  object  of  this  invention 
is  to  prm  ide  apparatus  that  will  make  a mark  upon 
a paper  dial  each  time  the  line  wire  is  traversed  by 
a current.  The  dial  (Fig.  1 ) carries  a paper  disc 
divided  radially  into  twelve  divisions  representing 
the  hours,  and  concentrically  into  fourteen  rings 


representing  the  days  and  nights  of  one  week.  The 
disc  is  continuously  rotated  by  clockwork  under 
the  pointer  I,  which  is  steadily  withdrawn  from 
the  central  ring  to  the  outer  one  by  fourteen  suc- 
cessive movements  at  twelve  hour  intervals.  When 
a current  is  passing  the  line  the  electro-magnet 
(Ki  Fig.  2)  is  excited,  and  brings  the  pointer 
against  the  paper  either  steadily  or  intermittently, 
and  so  leaves  a record  of  the  time  and  duration  of 
the  passage  of  the  current. 

3,388. — C.  Detrick,  Philadelphia,  U.S.A.  Con- 
tinuous Underground  Pipes.  8d.  (44  figs.) 
August  4. 

Conductors. — The  earth  is  excavated  to  the 
desired  shape,  and  the  pipes  formed  of  plastic 
material  on  formers  or  cones,  which  are  progres- 
sively advanced.  A series  of  hollow  formers  of 
paper  are  carried  by  partitions,  and  the  outer 
spaces  filled  in  with  a plastic  material,  the  con- 
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ductors  passing  through  the  paper  tubes.  Nume- 
rous shapes  and  methods  of  construction  are  de- 
scribed and  illustrated. 

3,394. — St.  G.  L.  Fox,  Loudon.  Generating 
Electric  Currents,  &c.  6d.  (12  figs.) 

August  5. 

Dynamo-Electeic  Generatoks. — This  gene- 
rator is  shown  in  Fig.  1 in  plan.  Fig.  2 being  an 
end  elevation.  There  are  four  field  magnets  on 
Fig.  1 


Fig.  2 Fig.  3 


each  side  of  the  armature.  Each  pair,  with  poles 
of  like  name,  are  fitted  with  a common  pole- 
piece  N N or  S S,  and  consequently  there  are  two 
pole-pieces  of  opposite  signs  (as  shown  in  dotted 
lines  in  Fig  2)  at  each  side.  The  armature  is  made 
of  a disc  of  hard  wood  bolted  to  a metal  nave  fixed 
on  the  shaft,  and  provided  with  coils  i i wound  on 
iron  wire  cores,  and  seated  in  recesses  in  its  peri- 
phery ; they  are  held  in  place  by  wedges,  and 
the  whole  is  bound  by  strong  string  1.  The  two 
ends  of  each  coil  are  carried  to  separate  com- 
mutators r r,  which  may  be  coupled  up  in  parallel 
circuit  or  in  series.  Figs.  3 and  4 show  the  con- 
struction of  the  commutator.  Upon  the  shaft  is  a 
cylinder  of  baked  wood,  and  upon  this  are  secured 
segmental  brass  strips.  The  working  faces  of  the 
strips  are  covered  with  light  removable  copper  plates 
to  take  the  wear.  The  field  magnets  are  preferably 
excited  by  “ a shunted  portion  of  the  current.” 

3,400. — J.  H.  Johnson,  London.  (J.  B.  V. 

Mignon  and  S.  II.  Uouart,  Paris.)  Electric 

Machines.  6d.  (7  figs.)  August  5. 

Uynamo-EIlectkic  Generatok.s. — The  illustra- 
tions show  a generator,  in  which  a number  of 
radial  electro-magnets  are  fastened  in  front  of  a 
rotating  metal  disc  having  a coil  n n of  insulated 
wire  on  its  periphery,  ‘ ‘ the  ends  of  the  said  wire 


being  brought  up  to  the  axis  so  as  to  enable  the 
currents  to  be  discharged  by  means  of  an  ordinary 
commutator.”  To  utilise  the  inductive  action  of 
the  earth  six  insulated  wires  are  wound  helically 
and  parallel  to  each  other  around  a rotating 


cylinder  whose  axis  is  parallel  to  the  dipping 
needle,  the  currents  being  collected  at  an  ordinary 
commutator.  The  several  forms  of  frictional  gene- 
rators shown  in  the  illustrations  are  also  described. 

*3,401. — J.  H.  Johnson,  London.  {G.  lis- 
saiulier,  Paris.)  Propelling  or  Navigating 
Aerostats  or  Aerial  Machines.  2d. 
August  5. 

Motor. — An  electro-motor  is  made  to  drive  a 
screw  propeller,  and  is  supplied  with  current  from 
a secondary  battery. 

3,402. — J.  H.  Johnson,  London.  (J.  B.  V. 
Mignon  and  S.  II,  Rouart,  Paris.)  Electric 
Lamps  and  Manufacture  of  Carbons  for 
same.  fid.  (2  figs.)  Augusts. 

CARBON.S. — Fig.  1 shov's  an  apparatus  for  mak- 
ing hollow  or  cored  carbons.  The  core  composi 


tion  is  placed  in  the  central  tube,  and  the  covering 
composition  in  the  annular  outer  chamber.  The 
two  are  forced  out  together  into  the  nozzle  T,  the 
central  part  by  the  ram  C,  and  the  external  part 
by  the  tube-like  ram  B.  Fig.  2 shows  another 
apparatus  for  a similar  purpose,  in  which  M is  the 
outer,  and  ni  the  core  composition.  The  two  rams 
can  be  geared  together  to  produce  cores  of  dilFerent 
diameter.  By  a modification  hollow  carbons  may 
be  produced.  As  a protection  against  atmo- 
spheric influences  the  caibons  arc  covered  with 
enamel  or  glass. 
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Arc  L.vmi'. — If  convex  or  concave  cups  of  glass 
be  arranged  above  and  below  the  arc  “ a remark- 
able increase  in  the  light  is  obtained  by  a peculiar 
incandescent  effect.” 

3,404. — E.  G.  Brewer,  London.  (A.  G.  Den- 
quirns,  Pariii.)  Apparatus  or  Appliances  for 
Automatically  Lighting  Electric  Candles. 
2d.  August  5. 

Arc  L.\mp. — This  invention  relates  to  an  auto- 
matic appliance  for  putting  “ candles”  successively 
into  circuit  as  the  previous  ones  are  consumed. 
The  expansion  of  a spring  by  the  heat  of  the  arc 
effects  the  change,  but  the  specification  does  not 
sufficiently  explain  the  mode  of  operation. 

3,409. — G.  Westinghouse,  Jun.,  London.  Re- 
gulating the  Dynamical  Production  of 
Electricity.  6d.  (6  figs.)  August  6. 

Gener.\tor.s. — This  invention  relates  to  con- 
trolling the  supply  of  actuating  fluid  to  the  motor 
driving  an  electric  generator  by  means  of  the  in- 
fluence of  the  current  itself.  A soft  iron  core, 
within  a solenoid  traversed  by  the  current,  is 
suspended  from  a spring  and  operates  a valve 
attached  to  it  by  a rod.  This  valve  controls  the 
inlet  and  exhaust  passages  of  a cylinder  in  which 
is  a piston  connected  to  the  throttle  valve  of  the 
engine.  An  excess  of  current  causes  the  core  to 
descend  and  admit  fluid  under  pressure  to  the 
regulating  cylinder,  while  a deficiency  of  current 
raises  the  core  and  allows  the  cylinder  to  exhaust. 
The  fluid  pressure  may  be  obtained  from  a small 
rotary  pump  combined  with  the  apparatus  and 
driven  from  the  engine. 

3,423. — J.  G.  Dudley,  Carmarthen.  Actuating 
Musical  Boxes,  &c.  fid.  (2  figs.)  August  8. 

Motor. — A small  electro-motor  is  employed  to 
actuate  the  instrument. 

*3,435 F.  Wright,  Loudon.  Incandescent 

Electric  Lamps.  2d.  Augusts. 

Incandescence  Lamp.  — The  platinum  con- 
ductors are  filed  in  the  form  of  a wedge  at 
the  ends,  being  thickest  at  the  extremities.  A 
carbon  collar  is  slipped  over  the  wire,  and  the 
end  of  the  filament  is  inserted  within  the  same 
collar.  When  the  collar  is  pushed  up  the  wedge- 
shaped  part  locks  or  binds  the  filament  and  con- 
ductor together. 

*3,437. — F.  Wright,  London.  Incandescent 

Electric  Lamps.  2d.  August  8. 

Incandescence  Lamp.  — The  filament  is  made 
from  bass  fibre,  boiled  in  weak  sulphuric  acid, 
and  carbonised  in  a crucible.  It  is  placed  in  an 


atmospliere  of  hydro-carbon,  and  is  successively 
dipped  in  oil  and  heated  by  a current  until  it  at- 
tains the  required  conductivity.  This  part  of  the 
operation  may  be  arrested  automatically  by  an 
electro-magnet,  which  when  the  desired  degree  of 
conductibility  is  attained  breaks  the  circuit  of  the 
fibre.  The  finished  filament  is  placed  in  a globe 
that  is  exhausted  through  a fine  hole,  which  is 
finally  closed  by  a screw  point. 

3,4-4-1. — R.  R.  Moffatt  and  S.  Chichester, 
Brooklyn,  New  York,  U.S.A.  Apparatus 
for  Generating  Electricity,  &c.  9d.  (8  figs.) 
August  9. 

Dynamo- Electric  Generator. — The  invention 
consists  firstly  of  a rotating  cylindrical  armature 
having  its  greatest  length  of  cross  section  parallel 
with  its  axis,  and  arranged  in  such  manner 
with  relation  to  the  poles  of  the  field  magnets 
that  they  will  envelop  a large  portion  of  both 
the  inner  and  outer  surfaces  of  the  armature 
cylinder.  Referring  to  Figs.  1 to  4,  the  armature 
Fig.  1 Fig.  2 
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core  is  formed  of  pieces  1>  grouped  togetlier  to  con- 
stitute a ring  (Fig.  4).  C is  the  liub  provided  witli 
arms  of  non-magnetie  material  ; i i are  small  lugs, 
ribs,  or  fillets  of  iron  which  are  secured  between 
the  bobbins  ; they  are  in  metallic  contact  with 
the  coi’e-pieces  B,  and  serve  to  convey  the  magnetic 
force  to  them  from  the  field  magnets.  The  poles 
of  the  field  magnets  extend  entirely  across  the  outer 
surface  and  also  around  a large  portion  of  the  inner 
surface  of  the  armature  (Fig.  3).  The  wii-es  are 
wound  round  the  core-pieces  of  sheet  iron  as  shown, 
the  ends  being  brought  out  to  the  commutator. 

Arc  Lamp. — Fig.  5 shows  an  elevation  of  a lamp 
in  which  the  arc  is  established  by  the  solenoid  B 
drawing  down  the  lower  carbon.  The  descent  of 
the  upper  carbon-holder,  which  is  counterweighted, 
is  regulated  by  the  brake  lever  s.  M is  an  electro- 
magnet in  the  lamp  circuit,  and  N a magnet  in  a 
shunt  circuit.  Both  magnets  are  carried  by  brackets 
not  shown  in  the  drawings,  and  have  common  arma- 
tures /.-and  above  and  below  them.  These  arma- 
tures are  pivotted  in  the  centre,  so  that  they  can  rise 
and  fall  like  scale  beams.  When  the  aic  is  estab- 
lished and  the  current  is  flowing  both  armatures  are 
attracted  by  the  magnet  M,  and  the  end  of  the  lower 
one  holds  the  brake  s to  its  work.  As  the  resistance 
increases  the  shunt  magnet  obtains  increased  power, 
and  neutralises  the  effect  of  the  other,  thus  releas- 
ing the  carbon-holder. 

*3,455. — W.  E.  Hubble,  London.  (A.  F.  II'. 
Partz,  Philadelp/iia,  U.S.A.)  Electric  Light- 
ing. 2d.  August  9. 

Diffu.sing  Light. — The  source  of  light  is  situated 
underground,  and  the  light  is  reflected  up  a tube. 
This  tube  is  provided  at  its  top  with  a reflector, 
consisting  of  a conical  ring  and  an  inverted  cone  by 
which  the  light  is  dispersed. 

*3,456. — W.  R.  Lake,  London.  (A.  L.  Any, 
Chvduvd,  Ohio,  U.S.A.)  Electrical  Appa- 
ratus for  Lighting,  &c.  2d.  August  9. 

Dynamo- Electric  Genf.r.vtor. — The  field  mag- 
nets consist  of  a pair  of  helices  with  opposing  poles 
of  the  same  name.  A piece  of  soft  iron  encases 
each  helix  and  connects  them  both  in  two  places 
abov'e  and  below  the  armature.  Upon  the  shaft  is 
a rotating  armature  “ divided  into  four  posts.”  A 
fixed  armature  is  carried  on  a stationary  hollow 
shaft.  Four  brushes  are  used,  two  to  supply  the 
field  magnets,  and  two  the  exterior  circuit. 

Arc  Lamp. — The  armatures  of  an  electro-magnet 
are  “so  arranged  in  relation  to  the  regulating 
mechanism  that  the  ratio  between  the  rate  of 
motion  of  the  positive  carbons  and  the  rate  of 
motion  of  the  armatures  . . . shall  equal  the  latio 
between  the  given  changes  in  the  voltaic  aic  and 


the  corresponding  change  in  the  position  of  the  said 
armatures,”  &c.  In  the  absence  of  drawings  the 
description  is  scarcely  intelligihle. 

3.463.  — F.  R.  Lucas,  London.  Chain  for 
Protecting  Submarine  Telegraphs,  &c. 
fid.  (.5  figs.)  August  10. 

Conductors. — The  cable  is  drawn  through  the 
centre  of  a double-link  chain,  and  protected  from 
chafing  by  the  surrounding  links.  To  allow  of  the 
swinging  of  the  ship  the  cable  has  a swivel  in  it, 
in  which  the  conductor  passes  through  stuffing- 
boxes,  and  is  divided  and  connected  by  spring 
contacts. 

3.464.  —S.  Von  Sawiczeski,  Paris.  Electric 

Brake.  6d.  (2  figs.)  August  10. 

Generator. — A genei-ator  is  employed  to  supply 
the  necessary  current  for  actuating  an  electro- 
magnetic brake  for  railway  trains. 

3,472.  — E.  J.  Harling  and  E.  Hartmann, 
London.  Dynamo-Electric  Machines.  8d. 
(9  figs.)  August  11. 

Dynamo- Electric  Generator. — In  this  gene- 
rator a ring  armature  has  a number  of  projecting 
pieces  of  soft  iron  as  shown  in  the  illustrations, 
which  are  attached  to  the  sides,  or  to  the  peripheries, 
as  the  case  may  be,  of  a number  of  parallel  soft  iron 
rings.  Between  the  projections  P P the  coils  C are 
wound.  The  magnetic  field  is  so  arranged  that  the 
point  of  greatest  magnetic  intensity  is  not  situated  in 
the  middle  of  the  field,  but  near  the  end  where  the 


Fic.  1 


Fig.  2 

coils  leave,  so  that  when  one  of  the  above-men- 
tioned projections  and  its  generating  coil  passes 
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from  one  neutral  point  to  another  it  is  withdrawn 
suddenly  from  the  magnetie  inflnenee.  N S repre- 
sent the  magnets,  and  1”  to  P'*  the  pole-pieces. 
The  strength  of  the  magnetic  field  is  varied  by  a 
regulator  or  keeper  consisting  of  two  soft  iron  poles 
of  opposite  polarity  arranged  to  attract  a bar  of 
soft  iron  moving  in  close  proximity  with  the  faces 
of  the  field  magnets,  but  never  coming  into  actual 
contact  therewith.  The  more  the  regulator  is 
attracted  the  more  it  will  cover  the  faces  of  the 
magnets,  and  so  diminish  their  efiect  on  the  rotat- 
ing coils  ; d (Fig.  2)  is  one  form  of  the  regulator. 
Any  further  attraction  of  d in  the  direction  of 
the  arrow  will  lessen  the  space  between  d and  P, 
the  attraction  being  exercised  in  opposition  to  the 
weight  .s  suspended  from  the  eccentric  f.  The 
circuits  are  arranged  as  follows  : Considering  four 
diametrically  opposite  coils,  the  first  end  of  coil 
1 is  connected  to  the  first  end  of  coil  2,  the  last  end 
of  the  latter  to  the  last  end  of  coil  3,  and  the 
first  end  of  coil  3 to  the  first  end  of  coil  4 ; the  last 
ends  of  coils  1 and  4 are  connected  to  their  re- 
spective segments  of  the  commutator  in  such  a 
manner  that  each  end  is  in  contact  with  four 
diametrically  opposite  segments,  which  do  not, 
however,  form  part  of  the  same  cylinder.  The 
segments  1,  3,  5,  and  7 of  the  commutator  are 
all  connected  with  coil  1,  while  the  segments  be- 
tween the  same  are  connected  to  coil  4.  When 
the  coil  is  under  the  influence  of  the  first  portion  of 
the  pole-pieces  P,  its  cuiTcnt  is  conducted  through 
the  field  magnet  coils,  but  as  soon  as  it  approaches 
the  cores  of  the  magnet  the  current  is  sent  through 
the  working  circuit. 

3,473. — E.  H.  Marling  and  E.  Hartmann,  Lon- 
don. Electric  Lamps,  &c.  fid.  (13  figs.) 
August  11. 

Arc  Lamp. — The  feed  mechanism  is  allowed  to 
revolve  with  greater  or  less  velocity,  or  is  entirely 
arrested  by  a brake,  which  consists  of  a rotating 
keeper  revolving  between  the  poles  of  two  electro- 
magnets. One  of  the  magnets  is  in  the  lamp  cir- 
cuit, and  when  the  normal  current  is  flowing  its 
attraction  is  sufficient  to  stop  the  rotation  of  the 
keeper.  The  other  magnet  is  in  a shunt  circuit, 
and  its  powder,  which  increases  as  the  arc  lengthens, 
tends  to  neutralise  that  of  the  first  magnet  and 
leave  the  keeper  free  to  move.  In  some  cases  a 
frictional  magnetic  brake  presses  against  the  peri- 
phery of  the  keeper,  its  pressure  varying  with  the 
force  of  the  magnetism  induced  in  the  said  keeper. 
Referrmg  to  the  illustrations  it  wdll  be  seen  that 
the  two  carbon-holders  are  suspended  by  cords 
wound  in  opposite  directions  round  drums  of  dif- 
ferent diameters  on  the  same  shaft.  The  weight 
of  the  upper  holder  preponderating  raises  the  lower 
one  and  rotates  the  feeding  mechanism.  The  cord 


from  the  lower  holder  is  led  round  a sheave  r on 
tlie  end  of  a lever  which  is  attracted  downwards 
when  the  circuit  is  established,  thus  dropping  the 
lower  holder  a sufficient  distance  to  establish  the 
arc.  Upon  the  drum  shaft  c is  a toothed  wheel  t, 
which  gears  with  a pinion  p upon  a shaft  which 
carries  the  disc  keeper  A.  ly  is  a stop  that  comes 
down  upon  the  disc  when  the  current  is  abnor- 


mally strong.  The  regulation  of  the  lamp  may 
be  effected  by  a sliding  piece  that  can  be  set  to 
bridge  the  magnetic  poles.  The  specification  also 
illustrates  a modification  in  which  the  keeper 
rotates  within  polar  extensions  resembling  those  in 
use  on  a Gramme  generator,  and  in  which  worm 
gear  is  substituted  for  the  spurwheel  and  pinion. 
The  low'er  carbon  may  be  fixed,  in  which  case  only 
one  drum  is  used,  and  the  cord  attached  to  the 
upper  carbon-holder  is  then  carried  over  a pulley 
and  fixed  to  an  annature  so  as  to  be  drawn  down  on 
the  passage  of  current,  and  thereby  raise  the  upper 
carbon  a sufficient  distance  to  establish  the  arc. 

3,483. — E.  G.  Brewer,  London.  (T.  A.  Edison, 
New  Jersey,  U.S.A.)  Electric  Conductors, 
&c.  fid.  (Ififigs.)  August  11. 

Conductors. — In  the  distribution  of  electricity 
in  streets  and  blocks,  junction  boxes  are  jilaced  at 
the  intersection  of  the  streets,  and  the  positive 
and  negative  mains  are  respectively  connected  to- 
gether, where  they  cross,  to  equalise  their  poten- 
tial. In  the  face  of  each  block  “a  safety  catch-box 
is  located,”  in  which  the  current  is  run  through  a 


metal  bridge  that  will  melt  upon  an  undue  increase 
of  current.  The  illustration  shows  the  conductors 
employed  and  the  method  of  laying  them.  B B 
are  two  strips  of  copper  held  apart  by  washers 
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C C of  Manilla  pasteboard  and  enclosed  within  the 
iron  tube  A,  the  vacant  space  being  filled  with 
asphaltuni.  Service  boxes  arc  placed  in  front  of 
each  house  and  a service  box,  safety  catch,  and 
current  meter  is  arranged  on  each  floor.  A solid 
rod  may  be  used  in  place  of  the  two  strips. 

3,539. — W.  R.  Lake,  London.  (C.  WilUarm^, 
F.  ir.  Harrimjton,  and  T.  W.  Lane,  J/assrt- 
chusetts,  U.S.A.)  Electrical  Apparatus.  8d. 
(11  figs.)  August  15. 

M.\oneto-Electric  Gexebators.  — A small 
“Siemens”  armature  is  driven  by  gearing,  and 
revolves  between  the  poles  of  three  permanent 
horseshoe  magnets  placed  parallel  to  each  other  and 
with  their  limbs  in  a vertical  plane.  The  currents 
are  collected  by  springs  bearing  on  each  end  of  the 
armature  spindle. 

3,559. — C.  W.  Harrison,  London.  Electric 
Lighting,  &c.  6d.  (14  figs.)  August  16. 

Arc  Lamp. — In  order  to  intensify  the  light,  the 
arc  is  partially  surrounded  by  a reflector  of  un- 
crystallised oolite,  known  as  roestone.  This  may 
be  used  alone  in  slabs,  or  as  a base  ground  to 
powder  and  mixed  with  gypsum.  The  powders 
are  brought  to  a liquid  condition  by  solutions  of 


soda,  or  compounds  thereof,  either  singly  or  in 
conjunction  with  liquid  sulphates  of  elementary 
bodies  “which  exist  in  the  solar  spectrum.” 
Figs.  1 and  2 represent  in  elevation  and  section 
an  electric  candle  of  the  Wilde  type  surrounded 
by  a reflecting  refractory  block,  and  Fig.  .3  shows 
a candle  having  a reflecting  mass  above  the  arc. 

3,599. — C.  Lever,  Bowden,  Cheshire.  Electric 
Lamps.  8d.  (8  figs.)  August  18. 

Arc  Lamp. — The  illustration  shows  all  the  im- 
provements combined  in  one  lamp  but  they  may 
be  used  separately.  The  upper  carbon-holder  is 
clipped  between  two  eccentrically  pivotted  bow 
springs  S S',  the  outer  ends  of  which  are  united 
by  the  armatures  a ft'.  On  the  passage  of  current 


through  the  electro-magnet  coils  E E',  placed  in 
the  lamp  circuit,  the  large  iron  thumb-screws 
passing  through  their  cores  become  polarised  and 


0 


I A/  I 

attract  the  armatures,  and  the  holder  is  gripped 
and  raised.  The  high  resistance  shunt  magnet 
e c provides  a passage  for  the  current  when  the  arc 
resistance  becomes  too  great.  Should  the  lamp 
circuit  be  broken  the  armature  f is  attracted  by 
the  shunt  magnet  and  drawn  against  a contact 
piece,  thus  providing  a short  circuit  around  the 
lamp. 

*3,635.— T.  Zubini,  London.  Electric  Light. 
2d.  August  20. 

Arc  Lamp. — A stream  of  carbonaceous  matter, 
such  as  carburretted  hydrogen  or  hydro-carbon 
oil,  is  fed  across  the  arc  from  one  electrode  to  the 
other,  the  electrodes  being  made  tubular  for  the 
purpose. 

*3,650. — G.  Pfannkuche,  London.  Electric 
Lamps.  2d.  August  22. 

Incandescence  Lamps. — The  filaments,  whether 
of  carbon  or  platinum,  are  coated  with  china  clay 
and  then  fused  into  a solid  block  of  glass.  The 
glass  may  be  of  any  desired  colour,  and  formed,  or 
ground  and  polished,  like  a precious  stone. 

3,652. — C.  L.  Clarke  and  J.  Leigh,  Manchester. 
Coiling  Machine.  Gd.  (4  figs.)  August  22. 

Conductors. — This  invention  refers  to  improve- 
ments on  Patent  No.  2,229  of  1880,  and  relates  to 
a machine  for  coiling  wire  and  thread  side  by  side 
in  forming  induction  coils,  which  may,  by  a modi- 
fication, be  adapted  for  forming  induction  coils  of 
covered  wire  only.  The  apparatus  has  two  head- 
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stocks  similar  to  those  of  lathes,  one  having  a 
spindle  which  can  be  revolved  in  either  direction. 
'I'he  wire  and  thread  are  wound  on  separate 
bobbins  and  are  carried  through  tension  devices 
similar  to  those  of  a sewing  machine.  When  the 
first  coil  is  completed  a layer  of  paraffine  paper  is 
placed  around  it,  the  machine  reversed,  and  the 
succeeding  coil  wound  in  the  opposite  direction. 

3,655. — R.  E.  Dunstan,  Donhead-Saint-Mary, 
Wilts,  and  G.  Pfannkuche,  Westminster. 
Division  and  Regulation  of  Electric  Cur- 
rents. 6d.  (.Sfigs.)  August  22. 

Current  Regulator. — Referring  to  the  illus- 
trations, A and  B are  two  solenoids  whose  cores 
are  connected  by  a brass  rod  formed  at  its  central 
portion  E into  a double  rack.  Into  these  racks 
gear  two  segments  pivotted  at  H and  H',  and  pro- 
vided with  arms  which  extend  over  the  terminals 
G G’  of  a set  of  resistance  coihs.  Supposing  a 
current  to  be  divided  between  two  circuits,  in  each 
of  which  one  of  the  solenoids  is  included,  and  sup- 


posing the  A circuit  to  have  the  greater  resistance, 
the  core  will  then  be  sucked  into  the  solenoid  B,  and 
the  arms  H H'  moved  in  the  direction  of  the  arrows, 
throwing  resistances  into  the  B circuit  and  cut- 
ting them  out  of  the  A circuit.  By  winding  the 
solenoids  suitably  different  proportions  of  cur- 
rent may  be  distributed  to  the  two  circuits. 
When  a current  is  to  be  divided  into  four  parts  it 
is  first  halved  by  such  an  apparatus,  and  then  each 
moiety  is  agam  divided  by  similar  apparatus.  The 
regulation  of  the  magnet  current  in  shunt- wound 
dynamo-electric  generators  is  another  use  to  which 
the  appliance  may  be  adapted. 

3,668. — W.  R.  Lake,  London.  (T.  A.  Connolly, 
Washimjton,  U.S.A.)  Electric  Lighting 
Apparatus.  6d.  (1  fig.)  August  2,3. 


Arc  Lamp. — The  lamp  is  intended  to  be  burned 
in  series  with  others,  and  its  chief  feature  is  the 
means  for  short-circuiting  it  if  the  arc  fails.  The 
current  enters  at  the  terminal  c and  divides  itself, 
part  flowing  through  the  magnet  coils  and  arc,  and 
part  through  the  lever  p,  screw/,  and  frame  A to 
the  terminal  K.  If  the  carbons  are  in  contact,  or 
the  arc  is  established,  the  armature  on  the  lever  e 
is  attracted,  the  connection  with  the  screw /broken, 
and  the  entire  current  passes  through  the  carbons. 
If,  howcA-er,  from  any  cause,  the  lamp  does  not 


work  properly  the  current  goes  round  it,  and  it  is 
left  out  of  circuit.  When  the  magnets  are  excited 
both  the  armatures  F are  raised,  forcing  the  clips 
<j  <j  together  and  raising  both  carbons.  In  con- 
sequence of  the  adjustment  the  upper  carbon  is 
raised  twice  as  far  as  the  lower  one,  and  the  arc 
appears  between  them.  There  is  no  provision  for 
regulation,  the  feeding  of  the  carbons  occurring  on 
the  extinction  of  the  light  only,  y'  <j~  are  spring 
conductors. 

3,679. — S.  Pitt,  Sutton,  Surrey.  (S.  J.  Burrell, 
Brooklyn,  New  York,  U.S.A.)  Electric 
Light  Regulators.  6d.  (3  figs.)  August  23. 

Arc  Lamp.. — The  feed  of  the  upper  carbon  is 
controlled  by  a gripping  arrangement.  In  Fig.  1,  A 
and  B represent  a coarse  and  fine  wire  helix  respec- 
tively, the  two  hollow  cylindrical  cores  of  which, 
C D and  G,  are  united  by  a brass  tube  H.  The 
piece  D is  pivotted  to  two  lugs  c c on  C (Fig.  2), 
and  is  capable  of  rocking  thereon.  When  the 
solenoid  A is  traversed  by  a current,  C and  D are 
magnetised,  and  both  being  of  the  same  polarity 
the  upper  end  of  L)  is  repelled,  forcing  the  lower 
end  inward  and  binding  it  against  the  carbon- 
holder  F,  which  otherwise  slides  freely  through 
the  cores  and  is  guided  at  the  upper  ends  by  the 
contact  rollers  M M (Fig.  3).  The  weight  of  the 
core  is  balanced  by  a lever  and  adjustable  spring 
K,  and  its  upward  and  downward  stroke  is  con- 
trolled by  discs  and  set  screws.  Assuming  the 
carbons  to  be  in  contact  and  the  circuit  to  be  com- 
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plctcil,  tlie  piece  D is  first  pressed  upon  the  rod  F, 
and  then  the  two  are  lifted  together  to  estahlisli 
the  are.  A similar  clutch  arrangement  may  l)e 


applied  to  the  lower  carbon.  “ The  coil  B offers  a 
resistance  nearly  equal  to  that  of  the  lamp  itself, 
including  the  arc,  and  acts  as  a shunt  circuit  for 
maintaining  a constant  resistance.” 

*3,711. — F.  H.  F.  Engel,  Hamburg.  (G.  H.  F. 
Muller,  Hamhurej.)  Electric  Lamps.  2d. 
August  25. 

Inc.wdescence  Lamps. — The  conductors  which 
are  fused  into  the  globes  are  made  in  the  form 
of  plates  instead  of  wires. 

3,768.— W.  M.  B rown,  London.  (0.  Gassett  and 
J.  Fisher,  FiHsbunjh,  Penn.,  U.S.A).  Auto- 
matic Electric  Railway  Signalling  Appa- 
ratus. lOd.  (22  figs.)  August  30. 

Conductors. — The  rails  suitably  insulated  are 
used  as  the  conductors,  and  are  divdded  into  con- 
venient signal  sections. 

3,790.— W.  R.  Lake,  London.  (S.  D.  Strohm, 
Philadelphia,  U.S.A.)  Covering,  Protec- 
tion, and  Insulation  of  Electrical  Con- 
ductors or  Cables  for  Telegraphic  Pur- 
poses, &c.  6d.  (11  figs.)  August  31. 

Conductors. — The  object  of  this  invention  is  to 
provide  conduits  which  can  be  easily  constructed, 
and  ean  be  readily  put  togetlier  and  taken  apart, 
and  which,  when  in  position,  shall  form  tight  and 
effective  insulators  for  electrical  conductors.  The 


illustration  is  a seetion  of  such  a conduit.  It  is 
composed  of  two  parts  fastened  together  l>y  longi- 
tudinal ribs  and  key  bolts,  and  caeh  section  ends 
in  a diaphragm  having  apertures  to  support  the 


tubes  C C in  which  the  conductors  are  earried.  The 
branch  circuits  enter  through  pipes  E E.  A modified 
conduit  of  rectangular  section  is  also  described. 


3,799. — W.  Crookes,  London.  Electric  Lamps. 

(5d.  (8  figs.)  August  31. 

Incande.scence  Lamp. — A cylinder  of  glass  is 
blown  into  the  shape  shown  at  1,  and  its  end 
doubled  inwards  by  a two-pronged  tool  2,  till 
it  takes  the  configuration  illustrated  in  elevation 
and  plan  in  3.  At  this  stage  an  exhausting 
tube  (sliown  in  dotted  lines)  is  fused  to  the  globe 
and  the  neek  is  divided  and  the  uj)per  end  rounded 
off  and  closed  as  at  4.  The  two  hollow  points  at 
the  top  of  the  projection  B are  opened  and  conduct- 
ing wires  passed  into  them.  If  platinum  wires  are 
used  they  are  sealed  directly  to  the  glass,  but  if 
other  metal  is  employed,  the  wires  are  eoated  with 
white  enamel  or  arsenic  glass  and  passed  through 
short  cylinders  of  glass  into  which  the  enamel 


is  melted.  Sucli  a conductor  and  cylinder  are 
shown.  The  wire  is  then  passed  through  the 
open  point  of  the  glass  projection  until  the  glass 
cylinder  on  the  wire  rests  against  the  end  of  the 
glass  projeetion,  and  the  two  are  then  sealed  to- 
gether in  the  blow-pipe  either  with  or  witliout  tlie 
interposition  of  arsenic  glass  or  enamel.  Tlie  parts 
now  liave  the  appearance  shoun  at  5.  After 
the  carbon  filament  has  been  eonnected  to  the  wires 
the  lamp  neck  can  be  joined,  (!,  and  the  e.x- 
haustion  be  effeeted.  The  difficulty  of  making  a 
good  connection  between  conducting  wires  other 
than  platinum  and  the  glass  can  be  avoided  by 
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using  a coinpouiul  wire  with  a core  of  copper  or 
silver  anil  a platinum  slicathing.  Fig.  7 shows  an 
apparatus  for  adjusting  the  resistances  of  tlie  fila- 
ments. A is  a glass  vessel,  C a plate  of  vulcanised 
fibre,  D D'  glass-covered  wdres,  E a mercury  seal, 
G the  exhausting  pipe,  H tube  leading  to  a vessel 
containing  chloroform  or  other  substance.  The 
chloroform  may  also  be  placed  in  the  cup  I.  The 
resistance  of  each  filament  is  measured,  and  if  it 
be  too  great,  a current  is  sent  through  it  until  a 
sufficient  quantity  of  carbon  is  deposited  on  it  to 
augment  the  conductivity.  In  order  to  increase 
the  rigidity  of  the  carbon  filaments,  they  are  made 
of  a flat  section  and  receive  a twist  of  a quarter  of 
a circle  in  being  placed  in  the  terminals.  The  fila- 
ments are  made  as  described  in  Patent  No.  2,612  of 
1881. 

3,804. — P.  Jensen,  London.  (T.  A.  Edison,  New 
Jersey,  U.S.A.)  Commutators  for  Dynamo 
or  Magneto-Electric  Machines,  &c.  4d. 

September  1. 

Gexerators. — To  reduce  the  resistance  and  pre- 
vent sparking  between  the  points  of  contact,  the 
inventor  amalgamates  the  commutator  and  brushes. 

3,821. — A.  L.  Fyfe,  London,  and  J.  Main, 
Brixton.  Electric  Lamps  or  Regulators. 
6d.  (2  figs.)  September  2. 

Arc  Lamp. — As  will  be  seen  from  the  illustra- 
tions a rack  on  the  upper  carbon- holder  B gears 
with  the  first  wheel  of  a train  carried  in  the  frame 


C,  suspended  from  the  lever  D and  capable  of  a 


sliglit  vertical  motion.  The  last  wheel  of  the  train 
is  a brake  drum,  and  is  situated  beneath  the  brake 
shoe /I  on  the  balanced  lever  f"’.  When  the  circuit 
is  completed  the  solenoid  E draws  down  its  core, 
and  by  means  of  the  lever  D raises  the  frame  C 
and  with  it  the  upper  carbon,  establishing  the  arc. 
As  the  carbons  consume,  the  power  of  the  shunt 
magnet  G increases,  and  it  attracts  the  lever  /®, 
relieving  the  brake  wheel  from  the  weight  of  the 
shoe,  and  allowing  the  train  to  move  and  the  upper 
holder  to  run  down  by  gravity.  L is  an  adjustable 
stop  which  receives  the  end  of  the  brake  lever 
when  the  power  of  the  solenoid  no  longer  suffices 
to  uphold  the  frame.  R is  a resistance  in  the 
shunt  circuit.  Fig.  2 shows  a modification  in 
which  a solenoid  is  substituted  for  the  magnet  G. 
W hen  the  lamp  is  intended  for  use  on  a single 
circuit,  the  solenoid  G is  traversed  by  the  main 
current,  and  acts  against  a spring  which  tends  to 
raise  the  brake  lever. 

*3,822. — A.  Tubini,  London.  Electric  Lamp 
or  Regulator.  2d.  September  2. 

Arc  Lamp. — The  carbons  are  placed  side  by  side 
in  a slightly  inclined  position,  and  one  of  them  is 
covered  with  kaolin.  The  core  of  a solenoid  placed 
in  the  main  circuit  is  attached  to  one  of  the  holders 
and  separates  the  ends  of  the  carbons  to  form  the 
arc.  The  movable  carbon-holder  may  be  attached 
to  the  core  of  a solenoid  placed  in  the  main  circuit 
and  opposed  by  a spring.  The  passage  of  current 
draws  in  the  core  and  so  sepai'ates  the  carbons. 

*3,832. — W.  R.  Lake,  London.  (7?.  Haase  and 
J.  P.  Becker,  Indianapolis,  U.S.A.)  Ma- 
chinery for  Winding  or  Coiling  Wire 
upon  Annular  Armatures  for  Electro- 
Magnetic  or  Magneto-Electric  Apparatus, 
6d.  September  2. 

Conductors. — The  machine  has  a clamp  adapted 
to  be  securely  fastened  to,  and  surrounding  the  rim 
of  the  armature,  a rim  adapted  to  surround  and 
revolve  upon  the  clamp  arms,  one  of  which  carries 
a spool  or  bobbin  containing  the  wire  and  the 
other  a counterbalancing  weight  and  fastening, 
guiding,  and  controlling  mechanism.  In  the 
absence  of  drawings,  which  are  not  filed,  the 
action  of  the  machine  cannot  be  understood. 

*3,857.  — C.  Le  Snew,  Paris.  Perpetual 
Electro-Magnetic  Motor.  2d.  Septembers. 

Magneto  - Motor. — “A  number  of  horseshoe 
magnets  are  attached  to  the  inside  of  a fixed  ring, 
in  the  centre  of  which  is  mounted  a movable  shaft 
perpendicular  to  the  plane  of  the  ring  and  carrying 
a number  of  arms  provided  at  their  extremities 
with  horseshoe  magnets.” 
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3,858. — J.  Wetter,  London.  ( IL.  Wherkr,  Mas- 
sachusetts, U.S.A.)  Apparatus  for  Diffus- 
ing Light.  8d.  (34  figs.)  Septembers. 

Diffusing  Light. —This  invention  relates  to  a 
system  of  lighting  and  to  apparatus  whereby  the 
electric  light  is  maintained  in  the  focus  of  the 
reflector,  and  is  transmitted  to  any  number  of 
places  which  it  is  desired  to  illuminate  by  optical 
conduction , division,  and  dispersion. 

*3,871. — H.  A.  Harborow,  London.  Dynamo- 
Electric  Machines.  2d.  September  6. 

Dynamo-Electkic  Gf.nerator.  — An  armature 
wound  longitudinally  is  caused  to  revolve,  “by 
suitable  mechanism,”  within  and  in  the  opposite 
direction  to  a second  armature  “wound  with 
segments  of  wire.”  Enclosing  both  armatures  are 
the  field  magnets,  which  may  be  excited  by  either 
or  both  the  armatures  or  sepai-ately. 

3,880. — W.  R.  Lake,  London.  (C.  Dion,  New 
York,  U.S.A.)  Manufactures  ofRevolving 
Armatures  and  other  Parts  of  Electrical 
Apparatus,  &.C.  lOd.  (12  figs.)  September  7. 

Armatures.  — This  invention  relates  to  the 
method  of  construction  of  an  armature,  and  also  to 
the  mechanism  for  producing  it.  Fig.  1 is  a section 
of  the  armature,  and  Fig.  2 a view  explanatory  of 
the  method  of  manufacture.  A is  a core  of  soft 
iron  wire,  and  B a coil  of  copper  ribbon  wound  edge- 
wise upon  the  core.  The  convolutions  are  insulated 
by  being  treated  with  gelatine  mixed  with  bichro- 
mate of  potash.  To  lay  the  conductor  in  place  the 
core  is  divided,  and  the  ends  sprung  apart  to 


form  an  opening  through  which  the  convolutions 
can  be  introduced.  Fig.  3 shows  a machine  for 
bending  the  ribbon  wliich  is  jiassed  by  means  of 
feed  rollers  between  the  conical  ends  of  the  two 
shafts  BC.  These  ends  are  not  perfect  cones,  but 
are  cut  away  for  a portion  of  their  circumferences, 
while  the  feed  rollers  are  similarly  treated  so  as 
not  to  form  perfect  cylinders.  The  ribbon  is  first 
pushed  forward  by  the  feed  rollers,  and  passes 
between  the  cones,  which  are  adjusted  so  as  not  to 
grip  it  at  this  moment.  When  a length  equal  to 


the  straight  side  of  the  core  has  passed,  the  feed 
rollers  lose  their  hold,  and  the  conical  rollers 
begin  to  nip.  In  consequence,  however,  of  their 
form  they  force  one  side  of  the  ribbon  forward 
much  faster  than  the  other,  and  so  bend  it  into 
a curve  to  pass  round  the  end  of  the  core.  The 
alternate  actions  of  the  rollers  and  the  cones  pro- 
duce a helix  of  the  section  shown  in  Fig.  1.  A 
modification  of  the  apparatus  is  adapted  for  pro- 
ducing cylindrical  helices. 

3,890. — D.  G.  Fitz-Gerald,  London.  Electric 
Lamps.  6d.  (8  figs.)  September  8. 

Incandescence  Lamps. — The  carbon  filament  is 
prepared  by  treating  unsized  paper  or  vegetable 
fibre  with  a cold  concentrated  solution  of  zinc 
chloride,  the  ends  being  made  thicker  by  doubling 
them  over.  When  the  material  is  sufficiently 
gelatinised  it  is  thoroughly  washed  in  dilute  hydro- 
chloric acid,  ammonia,  and  water  successively,  and 
after  being  brought  to  the  required  shape  is  car- 
bonised in  the  usual  manner.  To  establish  contact 
between  the  ends  of  the  filament  and  the  con- 
ductors, the  former  are  cemented  into  short  metal 
tubes  (see  illustration)  by  a mixture  of  finely 
divided  carbon  and  platinum  black,  made  into  a 


paste  with  a solution  of  sugar  and  water,  \^'hen 
the  cement  is  dry  it  is  baked  at  a temperature 
below  the  melting  point  of  the  metal,  the  conduct- 
ing wires  D E are  then  inserted  into  the  other  ends 
of  the  tubes,  and  secured  by  bending  the  lip  of  the 
tube  into  nicks  cut  to  receive  it.  I is  a glass 
stopper,  into  which  three  wires  are  sealed,  situated 
over  a bulb  filled  with  cement.  The  central  con- 
ducting wire  is  connected  to  a supplementary  fila- 
ment of  carbon,  o.xidisable  wire,  or  a combination 
of  an  oxidisable  and  an  unoxidisable  metal.  When 
a current  is  sent  through  tliis  supplementary 
filament  it  combines  with  any  residual  gas  in  the- 
globe.  To  indicate  the  degree  of  rarefaction  a 
manometer  is  used  consisting  of  a length  of  capil- 
lary tube  closed  at  one  end  and  containing  a 
globule  of  mercury.  'Fhc  inverted  end  terminates 
in  a bulb  and  is  included  in  the  lamp. 
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3,893. —W.  R.  Lake,  London.  { JL.  S.  Hill, 
Boston,  U.S.A.)  Electric  Lighting  Appa- 
ratus. 8d.  (11  figs.)  Septembers. 

Arc  Lamp. — The  first  part  of  the  invention 
relates  to  a shnnt  for  cutting  a lamp  out  of 
eii-cuit  when  the  carbons  have  burnt  down  as 
low  as  desired.  The  illustration  shows  this  ap- 
plied to  a ^Veston  lamp.  From  the  terminal 
a wire  extends  to  the  lever  f,  and  from  the 
terminal  w another  wire  extends  to  the  plate 
<j.  When  the  collar  ai  on  the  rod  a descends 


on  to  the  trigger  b the  lever  f is  released  from  a 
catch  and  falls  on  to  the  plate,  making  direct  con- 
nection between  the  positive  and  negative  binding 
posts  of  the  lamps.  The  invention  fuither  relates 
to  an  improved  device  for  holding  a lamp  globe  as 
shown  ill  the  same  figure,  and  comprises  a ring  J 
with  arms  K L on  either  side,  and  an  eccentric 
cam  lever  to  clamp  the  rod  2.  According  to  the 
third  part  of  the  invention  a second  set  of  carbons 
is  put  into  action  when  the  first  set  is  burnt  out, 
the  two  being  controlled  by  the  same  regulating 
mechanism.  This  is  effected  by  holding  the  second 
pair  apart  by  a grip  lever,  which  is  released  when 
a collar  on  the  first  carbon-holder  descends  on  to  a 
trigger. 

3,911.— J.  Wetter,  London.  (IF.  }VheeUr,  Mas- 
sachusetts,  U.S.A.)  Reflectors.  8d.  (ICfigs.) 
September  9. 

Reflectors. — Three  forms  of  reflectors  especially 
applicable  to  “the  electric  arc”  are  described. 
(1)  A reflector  having  a surface  such  as  would  be 


generated  by  the  revolution  of  a conic  sectiona 
curve  about  a line  in  the  plane  of  the  said  curve, 
and  meeting  its  axis  perpendicularly  in  some  point 
other  than  the  focus.  (2)  A reflector  having  a 
surface  generated  by  the  revolution  of  a conic  sec- 
tional curve  about  two  or  more  axes  of  revolution 
successively,  the  said  axes  intersecting  each  other 
in  some  point  of  the  principal  axis  other  than 
the  focus.  (3)  A reflector  havuig  a surface  gene- 
rated by  the  movement  of  a conic  sectional  curve 
about  one  or  more  lines  intersecting  its  axis  at  right 
angles,  the  said  curve  moving  3G0  deg.  about  the 
said  line  or  lines. 

3,926.  — J.  S.  Sellon,  London.  Secondary 

Batteries  or  Magazines  of  Electricity. 

6d.  (11  figs.)  September  10. 

Secondary  Batteries. — This  invention  relates 
to  “the  use  in  the  construction  of  secondary 
batteries  of  perforated  plates  or  sheets  roughened, 
serrated,  or  indented,  composed  of  lead,  platinum, 
or  carbon,  upon,  in,  or  against  which  plates 
spongy  or  finely  divided  lead,  or  other  salts  or 
compounds  of  lead,  or  other  suitable  substances 
or  compounds  are,  or  may  be,  held  or  retained.” 
In  the  illustrations  Fig.  1 represents  a perspective 
view  of  a perforated  battery  plate,  formed  with 
corrugations  of  a dovetail  section  ; Fig.  2 shows  a 
section  of  a perforated  plate  formed  with  angular 
projections  or  grooves.  This  plate  may  be  bent 
into  a rectangular  or  cylindrical  form.  Fig.  3 
shows  an  irregular  section  of  a compound  battery 
plate  formed  of  two  or  more  plates  which  may  have 


flat  or  irregular  surfaces.  Figs.  4 and  5 illustrate 
a plate  cast  with  slits  and  projections,  the  latter 
of  which  are  flattened  or  rivetted  over  during 
manufacture  to  cause  the  retention  of  the  metalli 
oxide.  A A are  sheets  or  plates  of  lead,  platinum, 
or  other  material  so  formed  that  a large  quantity 
of  spongy  or  finely  divided  lead  may  be  retained  in 
between  them,  or  against  them,  by  parchmented 
paper  or  other  similar  material,  in  such  a manner 
as  to  be  readily  acted  upon  by  the  current.  The 
plates  may  be  formed  of  corrugated  lead,  or  of 
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lead  cast  with  holes  a,  either  plain  or  with  flutes, 
corrugations,  indentions,  or  projections  J>,  in  or  on 
which  the  material  c can  he  packed.  In  Fig.  3 
the  oxides  are  placed  between  the  sheets  which 
are  rivetted  or  soldered  together. 

3,929. — E.  J.  P.  Mercadier,  Paris.  Multiplex 
and  Self-Revertible  “ Teleradiophone.” 
lOd.  (13  figs.)  September  10. 

Motor. — A small  motor  is  employed  to  rotate 
a plate  having  radial  perforations  by  which  a 
beam  of  light  is  periodically  intercepted. 

3,932. — P.  Jensen,  London.  (T.  A.  Edirton, 
New  Jerxey,  U.S.A.)  Dynamo  or  Mag- 
neto-Electric Machines.  6d.  (3  figs.) 

September  10. 

Dyn.\mo-Electric  Generator. — This  invention 
relates  to  generators  in  which  inductive  bars  are 
employed  running  lengthwise  of  the  armatures,  as 
described  in  Specification  No.  1,240  of  1881.  The 
induction  bars  B B’,  Figs.  1 and  2,  are  now  widened 
to  close  up  the  spaces  between  them,  and  the 
copper  bars  are  provided  with  shaped  ends 


secured  to  the  copper  discs  C which  connect  the 
bars  on  opposite  sides  of  the  armature.  Tlie 
alternate  bars  are  curved  outwardly,  so  as  to  pass 
over  the  first  line  of  ears  and  inwardly  again  to 
make  connection  with  the  second  line  of  ears.  This 
construction  provides  a larger  contact  between  the 
bars  and  the  discs.  To  lessen  the  resistance  and 
prevent  oxidation,  the  surfaces  are  plated  with  gold 
or  silver,  or  amalgamated  w ith  mercury.  For  com- 
mutator connections  the  tonguesextending  from  the 
open  centres  of  the  discs,  as  shown  in  the  former 
specification,  are  dispensed  with,  and  exterior  rods 
E are  substituted  for  them.  To  place  the  copper 
discs  out  of  the  magnetic  field  they  are  packed  away 
from  the  armature  by  distance  pieces  d d.  To  pre- 
vent “ electrical  creeping”  over  the  edges  of  the 
discs  they  are  bevelled  at  f f,  and  the  insulating 
paper  discs  are  pressed  down  between  them.  The 


copper  bars  are  insulated  by  wrappings  of  parch- 
ment japanned,  or  oiled  paper  F,  and  sheets  of  mica 
G.  To  keep  the  armature  cool  the  spaces  between 
the  polar  extensions  of  the  exciting  magnets  are 
closed  by  brass  plates,  and  into  the  box  thus  formed 
air  is  driven  by  a fan  actuated  by  the  armature 
spindle  or  otherwise.  To  allow  circulation  of  the 
air  currents  the  induction  bars  are  packed  off  the 
core  H (Fig.  3)  by  blocks  or  projections  ee. 

3.975.  — J.  W.  Smith,  Edinburgh.  Carrying  or 

Laying  Electric  Wires.  6d.  (73  figs.) 

September  14. 

C0NDUCTOR.S. — These  are  carried  in  the  kerb- 
stones or  the  causeway  blocks  of  streets,  which 
are  formed  as  hollow  channels.  Special  claim  is 
made  to  fitting  insulated  brackets  in  the  kerbs 
for  carrying  the  wires,  service  branch  pipes  for 
leading  out  individual  wires,  fitting  water-tight 
covers  and  joints,  and  providing  means  of  drainage. 

3.976.  — P.  Jensen,  London.  {A.  J.  B.  Ounce, 
Paris).  Electric  Arc  Lamps.  6d.  (5  figs.) 
September  14. 

Arc  Lamps. — In  Fig.  1,  which  shows  the  general 
construction  of  the  lamp,  the  carbons  a h are  fixed 
to  the  holders  c d,  formed  of  two  frames  from  each 
of  which  a pair  of  rods  rise  vertically.  The  rods 
from  the  lower  carbon-holder  are  provided  at  their 
tops  with  two  small  pulleys  e e,  around  which  pass 
the  cords  f,  one  extremity  of  each  being  fixed  to 
the  top  frame  g.  The  other  end  of  each  cord 
passes  round  the  pulleys  h h,  and  is  fastened  to  the 
top  frame  d of  the  upper  carbon-holder.  This 
frame  carries  a driving  weight  h loaded  witli  shot 
and  guided  by  the  rods  i i.  The  weight  acts  as  a 
nut,  and  fits  on  the  central  screw  J,  fixed  laterally, 
but  moving  freely,  on  its  axis  pivotted  at  the  top 
plate  (J  and  the  lower  platform  The  descent  of 
the  weight  turns  the  screw  and  tends  always  to 
keep  the  carbons  in  contact.  The  two  platforms  g 
j and  I',  connected  by  the  four  guiding  columns  i, 
j form  the  fixed  frame  of  the  lamp.  On  the  lower 
platform  of  tliis  frame  are  two  plates  /,  carrying 
I the  coils  m,  inside  which  moves  the  liollow  core 
n.  The  upper  part  of  this  core  is  extended  in  the 
1 same  form  by  the  copper  core  0,  the  length  of 
which  is  proportioned  to  the  desired  magnetic 
intensity.  From  the  lower  end  of  the  screw  j de- 
pends a copper  rod  passing  through  the  axis  of 
[ the  core.  The  weight  of  the  core  may  be  neutra- 
j lised  by  springs.  The  coil,  placed  in  the  main 
circuit,  regulates  the  lamp  by  means  of  the  cross- 
pieces qr  rising  and  falling  with  it  and  guided  by 
the  rods  i i.  A screw  s serves  to  regulate  the  posi- 
tion of  the  core  in  the  coil,  and  the  position  of  the 
escapement  wheel,  which  checks  the  movement  ; a 
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second  regulating  sciew  limits  the  length  of  the 


by  the  terminal  u,  passes  through  the  frame  to  the 
upper  carbon-holder  and  carbon,  flows  through  the 
lower  carbon  and  the  two  insulated  rods  of  its 
holder  which  slide  easily  in  the  sleeves  v,  elec- 
trically connected  by  the  conductor  w,  and  com- 
municating with  one  end  of  the  coil  m.  The  other 
end  of  the  coil  goes  to  the  binding  screw  x.  The 


passage  of  the  current  magnetises  the  core,  which 
lifts  and  separates  the  carbons  by  the  following 
means.  The  lower  plate  of  the  core  carries  an  arm 
y (see  Fig.  2)  to  which  is  attached  a connecting 
rod  z,  the  length  of  which  is  adjustable,  and  the 
upper  end  of  which  is  linked  to  the  arm  cC  of  a 
cranked  lever  pivotted  on  the  frame.  The  arm 
of  the  lever  terminates  in  a curved  path  engaging 
a finger  c',  fast  on  the  frame  w'hich  is  mounted 
loosely  on  the  extension  p of  the  screw  j.  Mounted 
loosely  within  the  frame  and  fast  on  the  rod  p is 
the  wlieel  e^,  gearing  with  the  pinion  pivotted 
in  the  frame.  The  spindle  y’  of  the  pinion  carries 
also  the  escapement  shown  in  plan  in  Fig.  3,  which 
comes  in  contact  with,  or  moves  clear  of,  the  spring 
JC,  according  as  the  carbons  approach  or  recede. 
This  escapement  acts  as  either  a brake  or  stop. 
Each  recess  in  the  wheel  is  separated  by  a tooth  on 
which  the  spring  /d  bears  with  sufficient  power  to 
stop  the  movement  when  the  magnetic  variation, 
due  to  the  approach  of  the  carbons,  has  not  been 
sufficient  to  bring  the  recess  opposite  the  spring. 
On  completing  the  circuit  the  core  n is  lifted,  rais- 
ing with  it  the  connecting  rod  z which  tilts  the 
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cranked  lever  fi'  ; the  curved  end  ol  then  pushes 
the  frame  cP,  which  draws  the  escapement  wheel 
against  the  spring  V,  and  prevents  this  wheel  and 
the  pinion  /*  being  turned  by  the  wheel  ; then 
the  pinion  gearing  in  the  wheel  forces  the  latter, 
by  its  travel  with  the  frame  (P,  to  move  backwards 
and  with  it  the  screw  j to  which  it  is  fastened. 
This  raises  the  weight  and  separates  the  carbons. 
As  the  magnetic  intensity  of  the  coil  becomes  re- 
duced the  core  tends  to  fall,  and  the  escapement 
wheel,  retiring  from  the  spring  /P  until  it  clears  it, 
allows  the  carbons  to  approach  each  other. 

3,987.— J.  S.  Sellon,  London.  Secondary  Bat- 
teries or  Magazines  of  Electricity.  6d. 
(3  figs.)  September  15. 

Secondary  Batteries. — This  invention  relates, 
firstly,  to  the  use  in  secondary  batteries  of  plates, 
elements,  or  supports  composed  of  alloys  of  lead 


with  antimony  ; secondly,  to  the  employment  of 
plates  or  elements  either  constructed  as  described 
in  Patent  No.  3,926  of  1881  or  composed  of  per- 
forated strips,  tubes,  pieces,  or  woven  fabrics,  of 
lead,  or  of  the  above  alloy,  either  separately  or 
combined  and  affixed  to,  supported  by,  or  strung 
upon  rods,  bars,  or  pieces  of  carbon,  lead,  or  other 
suitable  metal.  Fig.  1 represents  a side  view  of  a 
plate  of  a secondary  battery  composed  of  a number 
of  perforated  lead  strips  having  suitable  surfaces, 
or  of  metal  fabric.  Fig.  2 is  a modified  arrange- 
ment of  the  above,  in  which  the  perforated  lead 
strips  or  metallic  fabric  are  strung  or  affixed  to 
carbon  rods  or  other  supports.  Fig.  3 illustrates 
a further  modification,  in  which  the  plate  is  com- 
posed of  a number  of  perforated  lead  tubes,  inside 
which  the  material  is  packed.  A A are  lead  strips, 
or  lead  fabric  indented,  corrugated,  or  rougliened 
to  retain  the  material  to  be  packed  therein,  and 
carried  by  supports  B. 

*4,005.  — J.  S.  Sellon,  London.  Storing 
Electricity.  2d.  September  16. 

Secondary  Batteries. — The  electrodes  are  con- 
structed of  thin  sheets  or  gauze  of  platinised  copper, 
or  pieces  of  carbon,  and  are  immersed  in  a solution 
of  acetate  of  lead. 

4,011. — B.  Hunt,  London.  {A.  E.  Broivii,  C/cve- 
hind,  Ohio,  U.S.A.)  Electric  Lamps.  8d. 
{6  figs.)  September  17. 


Arc  Lamp. — In  this  lamp  the  electrodes  have  a 
constant  feed,  less  than  the  speed  of  their  consump- 
tion. When  the  arc  sensibly  lengthens,  the  feed 
is  temporarily  increased  to  bring  the  carbons  again 
within  the  proper  distance  and  then  it  falls  back  to 
its  normal  rate  until  the  limit  of  arc  resistance  is 
again  exceeded.  Referring  to  the  illustration,  F 
is  one  of  two  solenoids  on  a shunt  circuit,  each  of 
which  has  a movable  core  H,  attached  to  the  balance 
beam  G,  which  is  pivotted  at  a.  From  a }’oke  on 
this  beam  depend  two  rods  ij  attached  at  their 
lower  ends  to  a long  piston  fitting  fluid  tight,  or 
thereabouts,  in  the  tubular  extension  of  the  upper 
carbon-holder.  L is  a second  balance  pivotted  at 
c to  the  beam  G.  From  L there  depends  a rod, 
situated  between  the  two  rods  <j  g,  and  carrying  a 
small  plunger  or  cylindrical  valve  that  fits  in  an 
axial  cylindrical  cavity  in  the  piston,  and  controls 
ports  or  openings  that  form  a communication  be- 
tween the  fluid  (glycerine)  above  and  below  the 


saidjpiston  in  the  tubular  extension  M.  ^Vhen 
the  lamj)  is  burning,  the  upper  carbon  is  supported 
by  the  atmospheric  pressure  acting  on  an  area 
ecpial  to  the  large  piston.  A slow  leakage  of  fluid 
takes  place  through  the  piston,  and  consequently 
there  is  a steady  descent  of  the  upper  electrode, 
which,  however,  is  not  equal  to  its  consumption. 
When  the  arc  lengthens,  the  increased  current 
through  the  coils  draws  down  the  coil  cores, 
lengthening  the  arc  still  further  and  pressing  the 
end  of  the  balance  beam  L against  the  stop  m. 
This  has  the  ell'ect  of  tilting  the  beam  with  respect 
to  the  beam  (1,  and  raising  the  valve,  the  lower 
part  of  which  is  tapered,  so  as  to  allow  an  increased 
How  of  fluid  through  the  main  piston,  and  the 
more  raj)id  descent  of  the  carbon-holder.  As  the 
resistance  of  the  arc  decreases,  the  cores  rise  and 
shut  off  or  diminish  the  direct  current  of  Iluid.  In 
a modification,  a single  solenoid  is  employed  and 
has  its  core  working  within  a cylinder  partly 
filled  with  liijuid.  In  a further  modification,  the 
arc  is  established  by  a solenoid  in  the  main  circuit, 
the  valve  being  controlled  by  a solenoid  placed  in 
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a shunt  circuit.  lu  a focussing  lamp  the  descent 
of  the  upper  carbon  is  caused  by  suitable  gearing 
to  raise  tlie  lower  carbon. 

4,017. — S.  Hallet,  London.  Electric  Lamps, 
&c.  4d.  September  17. 

Inc.\M)Escence  L.\mp.s. — The  filament  is  sup- 
ported between  two  platinised  carbon  discs  and  is 
protected  by  a covering  of  silicon.  In  a modifica- 
tion two  filaments  are  provided,  one  being  intended 
to  combine  with  the  residual  oxygen  contained  in 
the  globe.  Strips  of  carbon  may  also  be  let  into  a 
block  of  lime  to  serve  as  conductors  thereto,  and 
be  coated  with  silicon. 

*4,024. — W.  M.  Brown,  London.  (E.  M.  Fox, 
Xeiv  York,  U.S.A.)  Electric  Lamps.  2d. 
September  19. 

Inc.\ndescence  Lamp. — An  apertured  stop  plug  is 
used  by  which  the  globe  is  exhausted,  the  opening 
being  closed  by  turning  the  plug,  which  also  serves 
to  support  the  filament  and  its  conductors.  The 
holders  are  fixed  on  the  filaments  and  attached  to 
the  conductors  by  clamping  devices. 

*4,026.— E.  de  Pass,  London.  (La  SocUte 
Anonyme  des  Cdhles  Electriquea,  Systeme  Ber- 
thoud,  Borel,  et  Cie.,  Paris.)  Dynamo- 
Electric  and  Magneto-Electric  Machines. 
2d.  September  19. 

Motor. — The  armature  “represents  in  section  a 
double  T with  curved  flanges  or  shoes”  and  revolves 
within  “the  fixed  outer  coil.”  The  armature 
receives  a continuous  current  while  the  outer  coil  is 
traversed  at  each  half-revolution  by  reverse  cur- 
rents. The  commutator  is  composed  of  two  parts 
mounted  on  an  insulating  bush. 

4,034. — P.  Jensen,  London.  (T.  A.  Edison, 
New  Jersey,  U.S.A.)  Dynamo  or  Magneto- 
Electric  Machines  and  Electro-Motors. 
6d.  (8  figs. ) September  19. 

Distributing  Currents. — When  a battery  of 
generators,  arranged  in  parallel  circuit,  supplies 
current  to  a district,  the  excitation  of  the  field 
magnets  needs  to  be  varied  to  adjust  the  current 
produced  to  the  demands  made  upon  it  at  any 
moment.  This  is  effected  by  increasing  or  di- 
mmishing  the  resistance  included  in  the  field 
magnet  circuit  and  may  be  done  by  hand  or  auto- 
matically. The  latter  method  is  illustrated  in 
Fig.  1,  -where  four  generators  are  shown  with  their 
commutator  brushes  connected  to  two  main  con- 
ductors 1 and  2,  and  their  field  magnet  coils  in 
derived  circuits  from  the  same  main  conductors. 
The  exciting  current  flows  along  the  wire  4 to  the 
movable  arm  L,  and  then  along  one  of  the  wires  5, 


C,  7,  8,  or  9,  after  which  it  divides  into  four  parts 
and  passes  through  the  four  sets  of  field  magnet 
coils  to  the  other  main  wire  2.  R R are  resist- 
ances. When  the  point  of  the  lever  L is  in  its 
highest  position  no  one  of  these  resistances  is  in 
the  circuit,  whilst  when  it  is  in  its  lowest  position 
there  are  four  resistances  in  each  magnet  circuit. 
The  position  of  the,  lever  is  determined  by  the 
speed  of  the  centrifugal  governor  G,  driven  by  an 
electro-motor  on  a derived  circuit  as  shown.  When 


little  work  is  being  done  in  tlie  district  tlie  speed 
of  the  motor  increases  and  more  resistance  is 
thrown  into  the  magnet  circuits  to  lessen  the  in- 
tensity of  the  magnet,  and  vice  versd.  Fig.  2 
shows  an  arrangement  in  which  a curved  solenoid 
and  core  are  substituted  for  the  electro-motor. 
When  lamps  and  motors  are  fed  from  the  same 
circuit  the  throwing  mto  action  of  the  motor  draws 
away  current  from  the  lamps  until  the  speed  sets 
up  an  opposing  electromotive  force  which  acts  as  a 
resistance  and  equalises  the  distribution  of  current. 
To  prevent  this,  each  motor  is  provided  with  a set 
of  resistances  and  a lever  to  throw  them  out  of 
circuit,  one  by  one,  as  the  speed  increases.  When 
this  is  done  automatically  the  resistances  are  con- 
nected with  movable  contact  blocks,  located  in  line 
with  each  other,  and  forced  together  in  succession 
by  the  movement  of  a centrifugal  governor. 

4,037. — W.  Clark,  London.  Secondary  Bat- 
teries. Cd.  (11  figs.)  September  19. 

Secondary  Batterie.s.— The  object  of  this  inven- 
tion is  to  produce  Iflante  battery  plates  upon  which 
thick  coats  of  lead  oxide  may  be  formed  without 
liability  to  flake  off.  In  the  simplest  form  a com- 
posite electrode  is  formed  of  thin  sheets  or  lamime 
of  lead,  folded  around  a thicker  sheet  forming  a 
support,  and  the  whole  enveloped  in  a sheet  of 
parchment  paper.  The  sheets  are  either  plain  or 
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corrugated  as  in  Figs.  1 and  2,  and  are  first  treated 
witli  dilute  sulphuric  acid  to  give  the  plates  a 
covering  of  lead  sulphate.  Another  form  of  elec- 
trode is  made  hy  packing  thin  lead  plates,  alter- 


nately plain  and  corrugated  or  crimped,  between 
stout  lead  covers  and  binding  the  whole  together 
by  india-rubber  bands.  Such  an  electrode  may  be 
enclosed  in  a sheet  or  case  pierced  with  holes  as  in 
Fig.  3. 

4,057. — H.  E.  Newton,  London.  {Society  Uni- 
verselle  d’ Electricite  Tommasi,  Paris.)  Pro- 
duction and  Employment  of  Continuous 
Electric  Currents  in  Railway  Carriages, 
&c.  6d.  (8  figs.)  September  20. 

Dynamo-Electric  Generator.^ — In  a train  in 
which  electric  lights  are  fed  by  a dynamo-electric 
generator  driven  from  the  axle  of  one  of  the 


vehicles,  and  in  which  a secondary  battery  is  pro- 
vided to  maintain  the  light  during  stoppages,  the 
current  from  the  battery  when  in  use  divides 
itself  between  the  lamp  circuit  and  the  generator, 
and  is  to  a considerable  extent  wasted.  To  pre- 
vent this,  when  the  speed  of  the  generator  falls 
below  a certain  point,  it  is  cut  out  of  the  circuit. 
One  method  of  effecting  this  is  by  a centrifugal 
governor,  driven  from  the  same  source  as  the  gene- 
rator, and  so  arranged  that,  when  its  arms  fall 
below  a certain  angle,  it  shall  separate  two  springs 
forming  part  of  the  generator  circuit.  Another 
device  for  the  same  object  is  shown  in  the  illustra- 
tion, and  consists  of  a small  magneto  generator  j 


driven  by  a strap  from  the  axle,  and  sending  a 
current  through  an  electro-magnet.  When  the 
speed  is  sufficiently  great  the  magnet  attracts  its 
armature  and  completes  the  circuit ; this  brings 
the  generator,  which  hitherto  has  revolved  idly, 
into  action. 

4,058. — W.  R.  Lake,  London.  {J.  B.  Ilenck, 
Boston,  Mass.,  U.S.A.)  Electrical  Cables. 
6d.  (21  figs.)  September  20. 

Conductors. — To  diminish  the  effects  of  induc- 
tion the  conductor  is  divided  into  sections  which 
overlap  each  other.  The  wires  are  covered  with 
hemp  impregnated  with  “ Chatterton’s  compound” 
and  enclosed  in  a metal  tube,  which  is  sufficiently 
thin  to  be  slightly  corrugated  by  the  outer  protect- 
ing wire  as  it  is  laid  on.  Several  forms  of  over- 
lapping conductors  are  shown  and  described. 

4,060. — A.  M.  Clark,  London.  (N.  de  Kahath, 
Paris.)  Regulating  the  Discharge  of 
Secondary  Batteries.  Cd.  (3  figs.)  Sep- 
tember 20. 

Secondary  Batteries. — To  obtain  a uniform 
current,  notwithstanding  the  variations  of  the 
j battery  or  of  the  external  circuit,  the  height  of  the 
I liquid  in  the  battery  is  varied,  and  consequently 
the  area  of  the  plates  included  in  the  active 
circuit.  Fig.  1 illustrates  the  idea,  and  diagrani- 
^ matically  shows  the  plates  but  slightly  immersed 
as  they  would  be  at  the  commencement  of  their 
! action.  Fig.  2 shows  the  manner  of  regulation  ; a 
j is  the  battery  ; B C two  tanks  for  liquid,  situated 


respectively  above  and  below ; h is  a three-way  cock, 
by  which  liquid  from  B can  be  fed  to  a,  or  liquid 
from  a discharged  to  C.  This  cock  is  controlled 
by  two  electro-magnets  set  in  action  by  a relay  ; <j 
is  a shunt  circuit.  Wlien  the  current  in  the  main 
circuit  decreases,  the  spring  nd  of  the  relay  moves 
the  index  to  put  one  of  the  electro-magnets  f into 
action,  and  opens  communication  between  the 
j tank  B and  the  battery.  On  the  other  hand,  if  the 
current  increase  beyond  the  determined  amount, 
the  spring  m’  is  overpowered  by  the  magnetic  at- 
traction, and  the  opposite  magnet  /turns  the  cock 
to  allow  part  of  the  li<piid  in  the  battery  to  How 
out. 
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4.069. — w.  P.  Thompson,  London.  ( IL.  W. 

Ocu'i/,  BoMon,  il/fiw.,  U.S.A.)  Indicating 

Apparatus  or  Signals  for  Railway  Switches 
or  Points.  6d.  (4  figs.)  September  21. 

Maonkto-Electric  Generator.  — A magneto- 
electric generator  and  switch  arrangement  is  used 
to  move  the  signals. 

4.070. — W.  P.  Thompson,  London.  (IE.  H'.  | 

Gnry,  Bouton,  Mass.,  U.S.A.)  Indicating  j 

Apparatus  or  Signals  for  Railway  Switches 
or  Points.  6d.  (1  fig.)  September  21.  , 

Magneto-Electric  Generator.  — A magneto- 
electric generator,  receiving  motion  through  the 
passage  of  the  trains,  is  employed  to  actuate  the 
signals.  i 

*4,093. E.  G.  Brewer,  London.  (P.  B.  Delaity  , 

and  E.  II.  Johnson,  Neiv  York,  U.S.A.)  \ 

Electric  Cables.  2d.  September  22.  j 

Conductors. — A series  of  insulated  wires  are 
arranged  in  a flat  lead  pipe  and  separated  by  walls 
of  lead.  After  the  wires  are  placed  in  the  par- 
titions the  pipe  is  compressed  round  them  so  as  to 
exclude  the  air. 

4,107. — F.  E.  Fahrig,  Southampton.  Dynamo- 
Electric  Machine.  6d.  (11  figs.)  Sep- 

tember 23. 

Dynamo-Electric  Generator.  — In  this  gene- 
rator the  armature  is  constructed  so  that  the  coils 
may  be  readily  removed  and  replaced  by  others 
according  to  the  current  required.  Referring  to 
Fig.  1,  the  magnetic  field  is  produced  by  four  or 
more  pairs  of  electro-magnets,  the  ends  of  each 
upper  and  each  lower  pair  being  connected  by 
semicircular  pole-pieces  N S,  N S.  The  armature 


consists  of  a number  of  transverse  coils  C (Fig.  2), 


arranged  in  a circle,  and  inserted  in  holes  in  pairs 
of  segment-shaped  plates,  of  which  the  annular 
frame  of  the  armature  is  built.  These  segments 
are  rebated  at  the  joints  and  united  by  counter- 
sunk screws,  and  are  carried  by  the  arms  of  spider 
frames  fixe.!  upon  a boss  keyed  on  tlie  shaft.  The 
coils  may  be  coupled  in  any  desired  combination, 
and  are  connected  to  the  commutator  strips  in  the 
ordinary  manner.  In  a modification,  the  coils 
are  duplicated,  and  two  commutators  used.  “ The 
field  magnets  are  connected  as  shown  in  perspective 
in  the  diagram  (Fig.  3)  so  as  to  have  the  opposite 
polarities  indicated  by  the  letters  N S.  This  is 
only  one  illustration  of  the  way  the  magnetic  field 
may  be  coupled,  which  may  be  varied  in  different 
ways.”  The  commutator  strips,  of  L shaped  sec- 
tion, are  embedded  around  a boss  of  hard  wood, 
and  provided  each  with  a suitable  binding  screw, 
by  which  the  terminals  of  the  coils  are  connected 
to  the  strips. 

4,128. — J.  Imray,  London.  {31.  Deprez  and  J. 
Carpentier,  Paris).  Distributing  and  Regu- 
lating the  Transmission  of  Electrical 
Power.  6d.  (12  figs.)  September  24. 

Distributing  Current.s. — The  consumers  have 
each  two  secondary  batteries,  into  which  current  is 
conveyed  from  the  mains  by  a branch  wire.  An 
“automatic  galvanometer”  actuates  a switch  by 
which  each  battery  is  alternately  changed  from  the 
charging  to  the  working  circuit.  The  field  magnets 
of  the  main  generator  are  excited  partly  from  the 
main  current  and  partly  from  a separate  source. 
The  speed  of  a motor  is  controlled  by  a centrifugal 
governor  which  breaks  contact  when  the  speed 
becomes  excessive.  In  order  to  vary  the  force  of 
the  combined  current  produced  by  two  alternate 
current  generators  connected  to  the  same  axle, 
“ the  fixed  parts  ” of  the  first  generator  are  shifted 
relatively  to  those  of  the  second  generator.  To 
maintain  a constant  current  through  a number  of 
motors  placed  on  the  same  circuit  an  “indicator 
motor  ” is  included  in  the  circuit.  This  indicator 
motor  actuates  a rheostat  wdiich  throws  more  or 
less  resistance  into  the  exciting  circuit  of  the  main 
generator.  In  a second  regulator  an  electro-mag- 
net,  placed  in  a branch  circuit,  attracts  its  armature 
in  opposition  to  a spring.  A second  derivation 
supplies  a small  motor.  Should  the  resistance  in 
the  main  circuit  increase,  the  electro-magnet  re- 
leases its  armature,  which,  acting  as  a brake,  stops 
the  small  motor ; this  consequently  offers  less 
resistance  to  the  current,  so  that  the  generator 
becomes  further  excited.  ,To  convey  a quantity 
current  to  a distance,  with  a minimum  loss,  it  is 
first  converted  into  a high  tension  current  by  means 
of  an  induction  coil,  and  conveyed  to  the  distant 
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station,  where  it  is  re-converted  into  a quantity 
current  by  a second  induction  coil. 

4,168. — W.  P.  Thompson,  Liverpool.  (./.  M’. 

Langley,  City  of  Ann  Arhor,  Michigan, 
U.S.A.)  Governing  Apparatus  for  Electric 
Machines.  Cd.  ('2  tigs.)  September  27. 

Dynamo  - Electric  Generator.  — A piece  of 
magnetic  metal  is  suspended  in  such  relation  to 
the  poles  of  the  field  magnets  in  a dj'iiamo-electric 
generator,  that  when  such  generator  produces  more 
current  than  is  required,  the  attraction  of  the  poles 
upon  the  piece  of  magnetic  metal  will  cause  it  to 
approach  them,  and  will  tend  to  establish  magnetic 
communication  between  them,  thereby  reducing 
the  current  generated  in  the  armature.  In  the 
illustration,  A A are  the  field  magnets  of  a dynamo- 
electric  generator;  P P are  the  pole-pieces  nearly 
surrounding  the  armature  B,  which  may  be  of  any 
construction  ; C C are  pieces  of  magnetic  metal 


each  pivotted  to  one  pole-piece,  and  guided  by 
curved  rods  TT',  and  bearing  on  springs  of  dif- 
ferent lengths,  so  as  to  oppose  an  increasing  force  to 
the  movement  of  the  pieces  C C as  they  approach 
the  poles.  As  long  as  the  resistance  of  the  external 
circuit  is  constant  the  free  end  of  C will  remain 
stationary  ; if,  now,  its  resistance  be  diminished, 
as  for  instance  by  extinguishing  part  of  the  lamps 
upon  it,  or  if  the  speed  of  the  armature  be  increased, 
the  attraction  of  the  pole  P upon  the  free  end  of 
C will  increase  so  as  to  overcome  the  resistance 
of  the  springs  and  to  draw  it  nearer  to  the  pole  I’, 
thus  diminishing  the  free  magnetism  in  A,  and 
weakening  the  current  produced  by  the  generator. 
When  the  normal  conditions  again  obtain  the  piece 
C moves  back  to  its  former  position.  The  invention 
is  also  applicable  for  governing  the  speed  of  electro- 
motors. 

4,174. — E.  G.  Brewer,  London.  (7'.  A.  Ediioii, 

New  Jerncy,  U..^.A.)  Electric  Lamps,  &c. 
8d.  (14  figs.)  September  27. 

Incandescence  Lamps. — The  collar  for  attaching 
the  lamp  to  the  socket  serves  to  make  connection 
with  the  conductors.  This  is  accomplished,  as 
shown  in  Fig.  1,  by  dropping  the  metal  rings  fg 
into  a suitable  mould  I),  wires  being  first  soldered 


to  the  inner  surfaces  of  the  rings,  so  as  to  project 
upwardly  on  opposite  sides  of  the  mould.  The 
wires  of  the  lamp  are  bent  up  on  opposite  sides 
of  the  same,  and  it  is  placed  in  the  centre  of  the 
mould,  and  held  upright  by  a spring  holder  B. 
The  wire  ends  of  the  lamp  and  collar  rings  are 
twisted  together  and  turned  down  into  the  mould, 

1 after  which  the  mould  is  filled  with  plaster-of-paris 
Fig.  2 shows  the  finished  lamp.  The  invention 
secondly  relates  to  lamps  in  which  the  glass  sup- 
porting the  conductors  is  held  in  a tapering  soft 
rubber  stopper  forced  into  the  neck  of  the  globe, 
and  held  there  by  atmospheric  pressure.  Such  a 
lamp  can  be  taken  to  pieces  when  the  filament  is  de- 
I stroyed,  and  the  parts  used  again.  Another  method 


is  to  seal  a platinum  ring  to  the  mouth  of  the  globe, 
and  another  ring  to  the  glass  of  the  conductor  support, 
and  to  solder  the  two  rings  together  when  the  lamp 
is  being  completed.  Figs.  Il  and  4 show  a method 
of  uniting  the  carbon  filament  with  the  conductors. 
The  filament  A,  which  has  short  copper  wires  a b 
mechanically  secured  to  its  ends,  is  suspended  in 
an  electro- plating  cell,  so  that  the  junctions  be- 
come coated  with  metal.  In  Fig.  4,  1)  is  the  glass 
for  supporting  the  conductors  fg.  G is  a blow- 
pipe for  uniting  the  copper  wires  a h to  the 
platinum  wires  f g.  When  a shorter  lamp  is 
necessary  the  conductors  which  support  the  carbon 
are  sealed  directly  in  the  lower  end  of  the  bulb,  the 
usual  glass  support  being  dispensed  with.  The 
fittings  of  incandescence  lamps  terminate  in  hooks, 
which  fit  on  corresponding  hooks  forming  the  cir- 
cuit terminals.  In  mines  and  other  explosive  places 
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both  the  lamps  ami  hook-like  connections  are  sub- 
merged in  water. 

4,193. — C.  H.Gimingham,  Newcastle-upon-Tyne. 
Electric  Lamps.  4d.  (3  tigs. ) September 29. 
Incandescence  Lamps. — In  connecting  the  carbon 
lilament  to  the  terminals  the  ends  of  the  latter  are 
flattened,  and  the  flattened  ends  are  formed  into  a 
tube  by  drawing  through  a wire  plate  or  otherwise. 
The  filament  is  mounted  directly  in  these  tubes  ; 


Fig.  2 Fig.  1 Fig.  3 


Fig.  1 represents  a terminal  wire  with  its  end  flat- 
tened out  into  a thin  plate,  which  is  bent  into 
tubular  form  as  shown  in  Fig.  2,  the  ends  of  the 
filament  being  placed  in  the  tubular  parts  as  shown 
in  Fig.  3.  The  combined  spring  of  the  carbon  and 
metal  holds  the  filament  firmly  in  place. 


ends  of  the  filament  are  clamped  in  their  places,  it 
is  inserted  in  an  electrotype  bath,  and  a coating  of 
copper  is  deposited  all  over  it,  except  immediately 
against  the  clamps.  After  removal  from  the  bath 
the  filament  is  immersed  in  hydro-carbon  Ihpiid  or 
vapour,  and  a current  is  sent  through  it  which 
raises  the  uncoated  portions  to  redness,  and  causes 
a deposit  thereon  of  solid  carbon,  which  welds 
together  the  filament  and  the  socket.  A similar 
result  may  be  obtained  by  immersing  tlie  greater 
part  of  the  filament  in  mercury.  In  order  to 
produce  uniformity  in  the  light-giving  power  of 
incandescence  lamps,  there  is  arranged  near  to 
them,  during  manufacture,  a thermo-electric  con- 
tact breaker,  which  interrupts  the  current  when 
a standard  temperature  is  attained.  The  invention 
also  includes  a device  for  switching  the  current 
through  a second  filament  when  the  first  fails,  but 
this  is  not  claimed  as  novel. 

4,207. — C.  A.  Barlow,  Manchester.  (A.  eh' 
Meritnis,  Paris.)  Dynamo-Electric  Ma- 
chines. Gd.  (4  figs.)  September  29. 

Dynamo-Electric  Generator. — In  this,  gene- 
rator (Fig.  1)  the  magnetic  fields  are  produced  by 


Fig.  1 


4,202. — J.  W.  Swan,  Newcastle-upon-Tyne. 
Incandescent  Electric  Lamps.  4d.  Sep- 
tember 29. 

INCANDE.SCENCE  Lamps. — This  invention  relates 
to  a method  of  producing  by  means  of  local  elec- 
trical heating  a coating  or  deposit  of  carbon  over 
the  junction  of  the  metallic  socket  and  the  carbon 
filament  inserted  in  it.  For  this  purpose,  after  the 


four  compound  permanent  magnets  E E'  (Fig.  2) 
arranged  with  alternating  poles  around  the  two 
circular  frames  of  the  generator,  so  as  to  lie 
parallel  with  its  axis,  and  to  form  part  of  a 
cylindrical  surface  within  which  the  armature  G 
rotates.  Each  of  these  compound  magnets  is  built 
up  of  sixty-four  steel  laminai  which  are  held  to- 
gether, and  to  the  brass  framing  of  the  generator, 
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by  tliree  bolts,  indicated  by  tlie  dotted  lines.  I ring,  showing  also  the  commutator  and  brushes. 

Fig.  3 is  a diagrammatic  view  of  the  armature  ] Fig.  4 is  a section  of  the  armature  in  whieh  its 
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position  relative  to  tlie  framework  and  the  com- 
mutator is  sliown.  The  armature  consists  of  a ring 
built  up  of  sixty-four  bobbins  H H,  each  of  which 
is  wound  upon  a compound  iron  core  H,  made  up 
of  eighty  lamiiue  of  soft  iron.  Each  core  is  divided 
into  four  parts  by  projecting  pieces,  and  in  the 
recesses  are  %vound  the  coils  of  insulated  copper  wire, 
the  outer  surfaces  of  whicli  are  flush  with  the  outer 
surfaces  of  the  separating  teeth.  Each  compound 
bobbin  is  fitted  on  to  the  brass  wheel  between  the 
projecting  pieces  <7,  and  held  in  place  by  bolts  passing 
througli  the  pieces  (j,  and  through  grooves  at  the  end 
of  the  bobbin  cores.  The  coils  of  the  armature  are  I 

connected  in  series  as  in  the  Gramme  armatures.  1 

The  commutator  I (Fig.  .S)  is  built  up  of  sixty-four 
strips  of  copper,  insulated  from  each  other  by 
layers  of  silk,  and  forming  a hollow  cylinder  which 
is  attached  to  the  shaft.  The  junction  between 
each  contiguous  pair  of  coils  is  connected  to  its 
corresponding  section  on  the  commutator.  Two 
pairs  of  brushes  k k,  k k (Fig.  3)  formed  of  strips 
of  hard  elastic  brass  are  used.  The  alternate 
brushes  are  connected  together  to  form  the  poles. 
Each  brush  is  mounted  on  an  insulated  pin  (shown 
in  detail  in  Fig.  5)  and  maintained  in  contact  with 
the  commuator  by  spiral  springs.  The  four  pins 
are  attached  to  a brass  ring  capable  of  rotation 
about  the  axis  of  the  commutator. 

4,255. — A.  Watt,  Liverpool.  Secondary  Bat- 
teries. 4d.  October  1. 

Secondary  Batteries. — The  first  form  of  bat- 
tery consists  of  lead  rolled  into  sheets  and  coated 
with  a mixture  of  calcium  hydrate,  manganese 
dioxide,  and  sodium  or  calcium  chloride,  or  pre- 
ferably with  “ Weldon  mud  ” mixed  with  an  equal 
volume  of  powdered  coke.  Plates  of  carbon  may 
take  the  place  of  the  lead  plates.  Also  carbon 
plates  in  a solution  of  sulphate  of  manganese  can  be 
employed  in  one  cell,  as  the  sulphate  decomposes 
and  covers  the  carbon  with  peroxide  of  manganese. 
The  second  form  of  battery  consists  of  alternate 
layers  of  carbon  and  granulated  manganese  dioxide 
mixed  with  granulated  carbon,  preferably  in  equal 
volumes,  or  of  lead  and  manganese  dioxide  or  layers 
arranged  as  follows  : 

Mn  Oj  Pb  I Mn  O3  C I Mn  Oj  I Pb  Mn  O,  C 

-tC  I -i-C  j-tCj  -i-C 

and  so  on,  or 

Pb  I Mn  0„  C I Pb  I Mn  0^  C 
I -f  C I I -f  C 
the  vertical  bars  being  porous  diaphragms.  The 
exciting  liquid  is  sal-ammoniac  or  common  salt, 
or  dilute  sulphuric  acid.  A convenient  form  of 
cell  consists  of  an  ordinary  battery  tank  divided 
down  the  centre  by  a porous  diaphragm.  The 
charged  porous  pots,  fresh  or  exhausted,  of  Le- 
clanch^  cells  may  even  be  used  without  further 


preparation  than  immersing  them  in  one  of  the 
aforesaid  solutions.  If  one  pot  be  fresh  and  the 
other  exhausted  the  couple  is  charged  and  ready  to 
work.  Another  modification  consists  of  a poi'ous 
pot  containing  a plate  of  carbon  and  charged  with 
a mixture  of  manganese  dioxide  and  carbon,  or 
coke,  in  a state'of  coarse  powder,  and  placed  in  a 
leaden  vessel  containing  dilute  sulphuric  acid,  the 
space  between  the  pot  and  the  leaden  vessel  being 
filled  with  a mixture  of  manganese  dioxide  and 
carbon  or  coke,  or  simply  with  granulated  lead. 

4,271. — W,  R.  Lake,  London.  (.4.  D.  Maikoff 
and  M.  de  Kahath,  Paris.)  Electro-Magnetic 
Apparatus.  6d.  (5  figs.)  October  1. 

Electro-Magnet.s. — According  to  this  invention 
the  core  surrounded  by  the  wire  coil  acts,  not  as 
heretofore  upon  an  exterior  armature,  but  upon  an 
armature  placed  within  the  coil.  The  action  is 
characterised  by  the  fact  that  it  is  not  produced 
by  the  attraction  exerted  by  the  current  upon  the 


armature,  but  by  the  repulsion  caused  by  similar 
polarity  being  imparted  both  to  the  coil  and  to  the 
armature.  The  illustration  shows  one  method  of 
putting  the  invention  into  practice.  When  a cur- 
rent passes  through  the  coil  the  two  pieces  d and  e 
pivotted  at  their  lower  ends,  are  similarly  magne- 
tised and  repel  each  other. 

4,294. — A.  G.  Schaeffer,  Newcastle-on-Tyne. 
Manufacture  of  Incandescent  Electric 
Lamps.  2d.  October  4. 

Incande-scence  Lamp.s. — The  globe  is  exhausted 
through  a small  metallic  pipe,  preferably  of  pla- 
tinum, which  acts  as  one  of  the  conductors. 
After  exhaustion  the  pipe  is  nipped  together, 
severed,  and  the  end  soldered  over. 

*4,296. — C.  D.  Abel,  London.  (L.  A.  Brasseur 
and  O.  Dejaer,  Brussels.)  Conduits  for 
• Telegraphic  or  Telephonic  Conductors 
Laid  in  Streets  or  Roadways.  2d.  October  4. 
C0NDDCTOR.S. — These  are  carried  in  a trough 
having  a flanged  cover  either  separate  from  or 
hinged  to  it.  The  cover  forms  part  of  the  road- 
way. 

4,304.— H.  Aylesbury,  Bristol.  Dynamo  Ma- 
chines for  the  Production  and  Distribution 
of  Electric  Currents.  6d.  (3  figs.)  October  4, 
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Dynamo-Elkctric  Generator. — This  generator 
appears  to  be  an  aggregation  of  a number  (twelve) 
of  dynamo  generators  in  one  framework,  and  its 
advantage  is  stated  to  consist  in  the  facility  it 
affords  of  producing  a number  of  independent  cur- 
rents and  of  combining  these  eurrents  so  as  to  vary 


the  strength  and  E.M.F.  of  the  resultant.  Consider- 
ing one  element  of  the  machine  (say  the  right-hand 
lower  one),  A is  an  electro  magnet,  wound  on  two 
D shaped  cores,  so  as  to  present  two  poles  at  its 
free  end,  and  capable  of  axial  adjustment  ; and  B is 
a circle  of  ten  sector-shaped  electro-magnets  packed 
together  to  form  a cylinder,  which  rotates  around 
its  axis  in  face  of  the  magnet  A.  Each  of  the 
magnets  B is  fixed  on  a disc  G,  whicli  is  carried  on 
a pin  that  runs  in  an  adjustable  bearing  attached 
to  the  framework.  E is  a rotating  disc,  provided 
with  two  V grooves  in  its  periphery,  which  gear 
with  V projections  on  the  edges  of  the  discs  G and 
cause  them  to  revolve.  The  specification  does  not 
explain  how  the  currents  are  collected  or  distri- 
buted. 

*4,305. — H.  J.  Haddan,  London.  (L.  Somze-e, 
Brussels.)  Electric  Lamps.  ‘2d.  October  4. 

Semi-Incandescence  Lamp. — The  principle  of 
this  invention  consists  cliiefly  in  constructing 
electric  lamps  to  emit  light  by  incandescence  as 
well  as  by  the  voltaic  arc.  A thin  rod  (preferably 
of  carbon)  is  used,  which  may  be  fixed  or  movable  on 
the  second  electrode  of  large  section,  the  arc  being 
formed  at  the  circumference  of  a rod  of  refractory 
material.  The  specification  contains  no  drawings, 
and  the  arrangements  cannot  well  be  understood. 

4,310. — A.  P.  Laurie,  Edinburgh.  Secondary 
Batteries.  4d.  October  4. 

Secondary  Batteries. — The  essential  feature  of 
this  invention  is  the  storing  of  chlorine,  for  use  as  a 


source  of  electricity,  by  combining  it  with  copper  to 
form  cuprous  chloride.  The  cell  is  constructed  as 
follows  : A copper  plate  is  coated  with  a paste  of 
cuprous  chloride,  and  is  wrapped  in  parchment 
paper.  It  is  then  dipped  into  a solution  of  chloride 
of  zinc  along  with  a zinc  plate.  The  zinc  and 
copper  plates  are  then  put  in  metallic  connection, 
and  an  electric  current  flows  until  all  the  cuprous 
chloride  is  reduced  to  a mass  of  spongy  copper. 
The  zinc  plate  is  then  replaced  by  a copper  plate 
and  the  cell  is  ready  for  charging.  The  action  of 
the  chlorine  on  the  spongy  copper  can  be  regulated 
by  means  of  copper  gauze  placed  over  the  spongy 
copper  and  in  metallic  communication  with  the 
copper  plate.  The  cells  may  consist  of  vertical 
plates,  or  of  shallow  copper  trays  placed  one  within 
the  other. 

4,311. — J.  H.  Johnson,  London.  (C.  A.  Faure, 

Paris.)  Electric  Lamps,  fid.  (4  figs.) 

October  4. 

Incandescence  Lamps. — This  inv'eution  relates 
to  (1)  the  holders  for  the  filaments;  (2)  to  means 
whereby  the  filament  may  be  removed  without 
destroying  the  body  of  the  lamp  ; (3)  to  improved 
means  of  exhausting  the  lamp  ; and  (4)  to  the  produc- 
tion of  the  filament  itself.  The  globe  has  a tubular 
stem,  to  which  a metallic  collar  or  stem  b is  attached 
by  fusing,  or  by  electro-plating  the  stem  and  fixing 


Fig.  2 


Fig.  3 

the  collar  to  it  by  solder,  or  by  fusible  metal  that 
will  expand  in  cooling.  The  filament  holder  consists 
of  a metal  tube  c closed  by  a plug  a of  glass,  porce- 
tain,  or  other  non-conductor.  The  said  tube  c is 
splayed  out  into  a trough  c-  to  contain  a metal  r' 
which  melts  at  a low  temperature  and  receives  the 
outer  edge  of  the  socket  h so  as  to  make  an  air- 
tight joint.  The  two  conductors  ./’y,  upon  which 
is  fixed  the  filament  k,  arc  arranged  as  follows  : 
The  one  electrode  is  formed  by  a piece  of  wire  <j  sol- 
dered to  the  tube  c,  and  the  other  holder  is  formed 
by  a small  tube  passing  through  the  plug  d and 


Abstracts  of  Patents. — 1881. 


ccvii 


tlirough  the  plate  i-  to  which  the  wire y is  fastened.  ' 
Tlic  filament  is  secured  by  two  spring  clips  k of 
metal,  which  are  made  by  bending  the  same  into  I 
an  elongated  loop  and  then  flattening  it.  Figs.  2 | 

and  3 are  two  views  of  such  a clip.  To  effect  the  j 
final  sealing  the  metal  r in  the  cup  F at  the  end 
of  the  tube  i'  is  perforated  with  a very  fine  hole  i 
(Fig.  4).  After  exhaustion  the  fusible  metal  is  | 
heated  and  the  hole  thereby  closed.  The  filament 
is  manufactured  by  drawing  or  cutting  graphite 
into  small  strips,  which  are  heated  and  bent  into 
loops  or  other  forms  whilst  hot. 

4,383. — St.  G.  Lane-Fox,  Westminster.  Elec- 
tric Bridges  for  Incandescent  Lamps,  &c. 

Gd.  (4  figs.)  October  8. 

Incandescence  Lamps. — This  invention  relates 
(1)  to  the  employment,  for  the  purpose  of  reducing 
filaments  for  incandescence  electric  lamps  to  a 
definite  or  specified  resistance,  of  a series  of  bottles 
or  vessels  charged  with  hydro  carbon  gas  or  vapour 
in  which  the  filaments  are  immersed,  the  said 
vessels  having  connections  so  arranged  that  the  fila- 
ment in  any  of  such  vessels  can  be  connected  at 
M ill  with  a source  of  electricity,  and  to  a measuring 
apparatus  employed  to  test  the  resistance  of  the 
filament.  (2)  To  reducing  the  filaments  in  the  first 


place  to  a resistance  which  is  somewhat  greater 
than  that  required  in  the  lamps,  and  then,  after 
they  have  been  mounted  in  their  holders  and  before 
hermetically  sealing  them  in  the  lamps,  reducing  or 
adjusting  their  resistance  to  the  exact  degree  re- 
quired. Each  of  the  bottles  W to  W®  (Figs.  1 and 
2)  contains  a filament,  and  is  charged  with  coal-gas 
or  other  hydro-carbon  vapour.  They  are  all  con- 
nected to  a common  lead  E at  one  end,  and  each 
has  a separate  lead  at  the  other  end.  By  means  of 
a key  F the  current  can  be  sent  into  each  bridge 
in  succession  from  the  terminals  LL'.  When  the 
process  of  building  up  a bridge  is  nearly  complete 
the  cuirent  from  the  generator  is  cut  off,  and  its 
resistance  is  measured  by  the  apparatus  M.  If  the 
original  source  of  electricity  have  a constant  elec- 
romotive  force  a galvanometer  may  be  included  in 
the  main  circuit. 


*4,396. —J.  James  and  J.  C.  F.  Lee,  London. 
Manufacture  of  Carbons  for  Electric 
Lamps,  &c.  2d.  October  10. 

Carison.s. — These  are  made  from  carbonaceous 
materials  and  compressed  in  moulds  between  upper 
and  lower  dies,  by  hydraulic  pressure. 

*4,398. — A.  W.  L.  Reddie,  London.  (LJ.  Vclck- 
mar,  Paris.)  Secondary  Batteries  or  Elec- 
trical Accumulators.  2d.  October  10. 
Secondary  Batteries. — The  usual  porous  pot  is 
replaced  by  two  perforated  plates  of  lead  having 
the  perforations  filled  with  granules  of  pure  lead. 
The  plates  are  subjected  to  pressure  and  placed 
together,  with  strips  of  insulating  material  between 
I them,  in  a suitable  vessel  containing  acidulated 
water. 

4,405. — A.  M.  Clark,  London.  (Josephine  de 
Chaiujy,  Paris.)  Producing  Electric  Light, 
&c.  lOd.  (10  figs.)  October  10. 

Semi  - Incandescence  and  Incandescence 
Lamps. — The  carbon  conductor  is  rendered  incan- 
descent “ without  being  traversed  by  the  current” 
by  being  placed  within  a platinum  spiral  through 
which  the  current  passes  or  by  being  placed  be- 
tween two  electrodes,  as  in  the  figure,  where  p p 
are  two  rotating  discs  of  platinum  connected  to  the 
poles  of  a generator  and  moving  in  contact  with  a 
carbon  pencil.  The  carbons  employed  in  these 
lamps,  and  the  filaments  of  incandescence  lamps,  are 
formed  by  causing  porous  substances  of  vegetable 
or  mineral  oiigin  to  absorb  matters  capable  of  yield- 
ing carbon  liy  calcination  in  a closed  vessel  or  in 
vacuo.  The  materials,  such  as  yarns,  pumice  stone. 


&c.,  are  immersed  in  a boiling  hydro-carbon  holding 
in  solution,  resin,  tar,  or  other  bodies  rich  in  carbon, 
and  when  thoroughly  impregnated  are  brought  to 
the  desired  form  for  the  pencils,  and  afterwards  are 
alternately  baked  and  dipped  in  syrup.  Such  car- 
bons may  have  a metallic  core.  Carbons  may  also  be 
made  from  piassavei,  sorghum,  alfa,  rattan,  rattan 
pith,  or  couch  grass,  by  soaking  these  materials 
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in  sulphuric  acid,  washing,  drying,  and  immersing  ' 
themin  a bath  of  glucose, sugar,  and  water;  alsofrom  j 
long-fibred  wood  free  from  knots,  and  from  bone  and 
ivory,  by  cutting  the  same  into  slips  and  immersing 
them  in  sulphuric  acid,  or  boiling  them  in  turpen- 
pentine  before  carbonisation.  The  invention  also  ! 
includes  an  incandescence  lamp  globe,  the  tubular 
neck  of  which  is  formed  with  a swelling  for  engaging 
with  a metallic  clip  wdiich  serves  to  form  a contact. 

4,409. — W.  O.  Callender,  London.  Manufac-  ' 
ture  of  Telegraph  Conductors,  &c.  4d. 
October  11. 

CoNDUOTOES. — This  invention  relates  to  a com- 
pound of  35  parts  of  bitumen  and  35  parts  of  oil 
residue,  the  latter  obtained  by  subjecting  oil  to 
distillation  in  such  manner  as  to  leave  the  residue 
in  an  elastic  condition  with  a specific  gravity  of 
1.00.  In  place  of  the  oil  residue  the  substance 
known  as  elastikon  may  be  used.  The  bitumen  and 
residue  are  melted  separately,  three  or  four  parts  of 
vegetable  oil  being  added  in  each  case,  and  mixed 
at  a temperature  of  220  deg.  to  250  deg.  Fahr.  ; 
the  temperature  is  then  raised  to  280  deg.  or  290 
deg.  Fahr.,  and  if  the  material  require  to  be  vul- 
canised, flowers  of  sulphur  are  added,  the  heat 
again  being  raised  to  340  deg.  ; the  mixture  is 
finally  stirred  for  about  forty-five  minutes,  and 
kept  at  the  last-named  temperature  for  about  two 
hours. 

4,439. — J.  Jameson,  Newcastle-on-Tyne.  In- 
candescent Electric  Lamps.  6d.  (11  figs.) 
October  12. 

Incandescence  Lamps. — This  invention  relates 
to  a method  of  sealing  up  relays  of  carbon  filaments 
in  incandescence  lamps,  so  that  when  one  fails  it 
may  be  removed  and  a fresh  one  be  substituted 
wdthout  access  to  the  interior  of  the  lamps.  The 
filaments  are  mounted  on  an  endless  band  passing 


over  rollers,  arranged  to  bring  each  into  position 
successively.  They  are  each  connected  to  a bar 
having  insulating  material  betw'een  the  points  at 
which  the  ends  of  the  filaments  are  attached.  The 
band  passes  over  two  pulleys  B C,  driven  by  worm 
gear  actuated  by  an  electro-magnet  and  ratchet 


mechanism,  the  conducting  wires  being  connected  to 
the  top  roller,  so  that  only  the  filament  L,  occupy- 
ing the  highest  position,  is  in  circuit.  The  two 
wires  0 P convey  the  current  to  the  electro-mag- 
netic mechanism.  The  movement  of  the  filaments 
may  be  rendered  automatic  by  placing  an  electro- 
magnet in  the  circuit  Q R,  and  so  arranging  it  that 
wdien  excited  it  will  break  the  circuit  0 P.  When 
the  former  circuit  fails  the  current  traverses  the 
latter,  and  by  a make-and-break  device  operates 
the  mechanism  until  a second  filament  is  moved 
into  position.  To  clean  the  interior  of  the  globe  a 
little  bag  of  iron  filings  S is  drawn  up  against  the 
glass  by  the  attraction  of  a magnet  T.  By  moving 
the  magnet  or  the  globe  the  bag  can  be  drawn  all 
over  the  interior  surface.  Other  methods  of  effect- 
ing this  result,  but  all  substantially  the  same  in 
principle,  are  described  and  illustrated. 

4,454. — J.  T.  Sprague,  Birmingham.  Instru- 
ments for  Measuring  Electric  Currents, 
&c.  fid.  (15  figs.)  October  12. 

CuERENT  Meter. — This  refers  to  Patent  No. 
4,7fi2  of  1878,  in  which  a galvanometer  having  two 
soft  iron  needles  was  employed,  and  consists  in  so 
arranging  the  circuit  as  to  obtain  more  perfect 
magnetism  in  the  needles.  This  is  accomplished 
by  inserting  within  the  ordinary  frame  containing 
the  coil  by  which  the  needle  is  deflected,  a second 
frame,  the  wire  on  which  is  wound  at  right  angles 
to  that  on  the  ordinary  frame.  Or  a semicircular 
frame  may  be  used,  woiind  so  that  in  whatever 
position  the  needle  may  be  the  wire  crosses  it  at 
right  angles.  In  a quantity  meter  a moving  elec- 
trode floats  or  sinks  in  the  liquid  of  a cell  ac- 
cording to  the  amount  of  metal  deposited  on  it  ; 
the  electrode  is  made  hollow  and  fitted  with  a 
stem  on  the  principle  of  the  hydrometer.  When 
“large  currents”  are  used  the  floating  electrode 
has  fitted  to  its  lower  surface  a number  of  parallel 
plates  connected  together  so  as  to  act  as  an  elec- 
trode of  large  surface,  and  arranged  to  move  in  the 
spaces  of  a similar  system  acting  as  a fixed  elec- 
trode, provision  being  made  to  keep  the  opposite 
surfaces  close  together  and  to  prevent  contact. 
The  circuit  of  the  moving  electrode  is  completed 
by  a bent  wire  sliding  freely  in  a tube  of  mercury. 
An  index  fixed  to  the  moving  parts  traverses 
a scale  and  indicates  the  “degrees  of  deposit 
effected.”  The  electrode  may  be  suspended  from 
an  axle  having  a pointer  which  traverses  an  in- 
sulated metallic  dial,  a spring  clip,  adjustable  on 
the  dial,  conveying  currents  to  any  connected  ap- 
paratus on  the  pointer  making  contact  with  it.  A 
current  reverser  may  be  put  in  action  by  the  pointe.' 
making  contact  with  insulated  stops  attached  to 
the  dial  at  the  beginning  and  end  of  the  scale 
The  electrodes,  when  a pair  is  used,  may  be 
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caused  to  actuate  a rocking  frame  which  in  turn 
moves  a train  of  recording  dials.  Or  a pair  of 
electrodes  may  have  mounted  between  them, 
upon  suitable  bearings,  an  induced  electrode  in 
the  form  of  a cylinder,  which  rotates  when  the 
deposit  on  one  side  alters  the  position  of  its  centre 
of  gravity.  To  obviate  the  necessity  of  occasionally 
changing  the  + and — electrodes,  an  external  cylin- 
der is  used,  composed  of  a number  of  insulated 
copper  strips,  and  provided  with  suitable  contacts 
for  passing  the  currents  into  those  plates  which 
face  opposite  sides  of  the  induced  electrode.  ‘ ‘ As 
metals  and  liquids  vary  in  their  resistance  in  op- 
posite ratios,  they  can  give  correct  results  only  at 
the  temperature  of  adjustment,  if  they  are  used  as 
shunts  to  each  other;”  the  inventor  therefore  forms 
the  shunt  circuit  of  graphite,  and  if  necessary  adds 
thereto  a tube  of  mercury  or  a German  silver  wire. 
A warming  apparatus  to  prevent  the  meter  freezing 
consists  of  a thin  platinum  wire  wound  on  a glass 
tube  and  surrounded  by  a second  glass  tube  ; these 
are  open  at  their  ends  and  are  placed  in  the  liquid 
causing  convection  currents  to  be  set  up  therein.  A 
“ thermo- regulator”  consists  of  a bulb  and  U tube 
with  a neck  for  the  insertion  of  the  + and  — wires, 
one  of  which  is  in  contact  with  the  mercury  whilst 
the  other  is  insulated  except  at  its  point.  The 
contraction  of  the  air  by  cold  causes  the  mercury 
to  rise  and  complete  the  circuit. 

4,455.  — J.  W.  Swan,  Newcastle-upon-Tyne. 
Secondary  Batteries,  or  Apparatus  for 
Effecting  Electrical  Storage.  4d.  October  13. 

Seconbaky  Batteries. — The  surface  of  the  lead 
plate  is  extended  by  cutting,  or  scraping,  or  equi- 
valently acting  upon  the  same,  and  thus  facilitating 
the  storing  action.  The  whole  extent  of  the  plate 
is  not  so  treated,  but  a portion  is  left  solid  to 
support  the  weakened  part.  The  cutting  may  be 
effected  in  various  ways,  such  as  by  tools  in  a 
shaping  machine,  or  by  engraved,  indented,  or 
roughened  dies. 

4,472. — C.  V.  Boys,  Oakham,  Rutland.  Electric 
Meter.  6d.  (13  figs.)  October  13. 

Current  Meter. — To  measure  the  current  pass- 
ing through  a conductor,  clockwork  is  provided  with 
an  escapement  governed  by  a pendulum  or  balance, 
the  oscillations  of  which  are  determined  by  the  force 
of  an  electro-magnet  or  solenoid  in  the  circuit,  so 
that  as  a less  or  greater  quantity  of  electricity  passes 
the  amount  of  movement  permitted  to  the  clock- 
work is  less  or  greater.  In  order  to  insure  accuracy 
the  escapement  should  be  of  the  dead-beat  kind, 
incapable  of  giving  such  influence  to  the  balance  as 
would  cause  it  to  oscillate.  The  clockwork  may  be 
driven  by  a weight  or  spring  wound  up  from  time  to 


time  by  hand.  It  is  preferred,  however,  to  render 
it  self-acting  by  combining  it  with  remontoir  ap- 
paratus, which  is  acted  on  at  intervals  by  an  electro- 
magnet in  the  circuit.  A counter  connected  to  the 
clockwork  shows  by  suitable  dials  the  quantity  of 
current  passed.  Fig.  1 is  a front  view  and  Fig.  2 
an  inverted  plan  of  one  form  of  meter.  B B are 
two  limbs  of  an  electro-magnet  the  coils  of  which  are 
traversed  by  the  current  to  be  measured.  These 
limbs  terminate  in  polar  extensions  b b,  between 
which  there  oscillates  an  armature  on  a vertical 
axis  C.  The  lower  part  of  the  axis  constitutes  the 
cylinder  of  an  escapement  engaging  with  an  escape- 
ment wheel  D,  connected  to  an  arbor  E driven  by 
clockwork.  The  remontoir  apparatus  is  arranged 
as  follows  : On  the  fixed  axis  f there  are  mounted 
(1)  a toothed  wheel  F,  which  gears  with  a pinion  e, 
and  has  a groove  cut  in  its  circumference  to  receive 


a driving  band  ; (2)  a barrel  containing  a volute 
spring ; (3)  a ratchet  wheel  H,  grooved  like  F,  to 
receive  the  same  driving  band,  which  passes  over 
guide  pulleys  fj  g mounted  on  spring  brackets  pro- 
jecting from  the  barrel ; and  (4)  an  armature  K, 
which  can  oscillate  between  the  poles  M M of  an 
electro-magnet  fixed  to  the  base  A ; this  armature 
is  drawn  by  a spring  k against  a stop  pin  i',  and  it 
carries  a spring  pawl  h engaging  with  the  teeth  of 
the  ratchet  wheel  H.  The  coils  of  the  electro- 
magnet M M are  in  a by-pass  circuit  m m,  branch- 
ing off  from  the  main  circuit  L L'  at  the  terminals. 
These  terminals  are  usually  connected  by  a spring 
n,  bearing  against  a contact  screw  ?d,  and  in 
that  case  the  main  current  passes  direct  from  L 
by  the  wires  I I,  through  the  coils  of  the  electro- 
magnet B B to  L\  the  magnet  M M being  then  too 
feebly  excited  to  effect  displacement  of  the  arma- 
ture K.  When,  however,  the  stud  g'  pushes  the 
spring  M from  the  screw  the  current  passes 
through  the  magnet  M M,  and  the  armature  makes 
its  stroke,  winding  up  the  spring.  The  specifica- 
tion also  describes  two  modified  forms  of  remontoir 
apparatus,  in  the  first  of  which  each  complete 
oscillation  of  the  electric  balance  gives  a slight 
impulse  to  the  winding  mechanism  ; in  the  second 
the  winding  is  effected  only  when  the  movement  of 
the  balance  becomes  so  far  reduced  as  to  demand 
.a  fresh  impulse, 
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4,478.  — R.  Harrison,  Newcastle-upon-Tyne. 
Electric  Lamps.  6d.  (4  figs.)  October  14. 
Incan DE.SCENCE  Lamps.— The  carbon  filaments 
for  incandescence  lamps  are  prepared  by  punching 
them  out  of  thick  paper,  in  the  shape  C or  C,  by  a 


punch  having  in  its  face  a V-shaped  hollow  so 
as  to  present  two  cutting  edges  and  an  inter- 
mediate recess  in  which  the  paper  is  compressed. 
The  filament  has  two  wide  ends  into  each  of  which 
an  eyelet  is  fixed  to  receive  the  conducting  wires. 
In  order  to  arrange  for  one  lamp  taking  the  place 
of  another  in  case  of  extinction,  the  filaments  are 
provided  in  duplicate  and  connected  to  the  shunting 
apparatus  shown  in  the  illustration.  E E'  are  two 
electro-magnets,  one  in  the  circuit  of  each  fila- 
ment, and  M is  an  armature  provided  with  contact 
pieces.  One  magnet  is  made  more  powerful  than 
the  other,  so  that  as  long  as  the  filaments  are  intact 
the  armature  is  attracted  in  one  direction  and  the 
opposite  circuit  is  broken  at  D*.  When  the  first 
filament  fails  its  magnet  becomes  inoperative,  and 
the  position  of  the  armature  is  reversed,  thereby 
switching  the  current  into  the  other  filament. 

*4,496. — J.  H.  Johnson,  London.  (La  Sociite 
A nonyme  la  Force  et  la  Lumiire,  Sociiti  Qinirale 
d’ElectricilS,  Brussels.)  Regulators  for  Elec- 
tric Motors.  4d.  October  15. 

Riieo.stat. — The  essential  part  of  this  regulator 
is  an  ordinary  metallic  chain.  The  cham  presents 
a series  of  points  of  contact,  each  of  which  offers  a 
resistance  dependent  on  the  pressure  upon  it.  W hen 
it  is  tightly  stretched  the  resistance  is  comparatively 
small,  but  when  it  is  slackened,  or  allowed  to  hang 
loosely,  the  resistance  is  considerably  Increased. 
This  provisional  specification  also  describes  several 
ways  of  including  a chain  in  the  field  magnet  circuit 
of  an  electric  generator  so  as  to  vary  the  intensity 
of  the  current. 

4,504. — J.  Brockie,  London.  Electric  Arc 
Lamps.  Cd.  (4  figs.)  October  15. 

Arc  Lamp. — Referring  to  the  illustration,  the 
two  upper  carbon-holders  A'  A-  fall  freely  by  their 
own  weight  when  they  are  not  retained  by  the  cam 
levers  C C“.  These  levers  grip  the  holders  when 
their  inner  ends  are  raised  by  the  armature  C 
of  the  electro-magnet  M M.  When  a current  is 


passed  through  the  circuit,  the  shunt  magnet  M 
attracts  the  armature,  lifting  it  and  the  two  levers 
and  carbons.  The  current  forms  an  arc  between  one 
pair  of  carbons,  the  other  pair  remaining  inactive. 
When  the  magnet  M is  momentarily  cut  out  by  an 
arbitrary  commutator  or  interrupter,  ormomentarily 
short-circuited,  or  reversed,  by  a regulating  coil  E, 


the  armature  will  retire  from  the  magnet  allowing 
the  clutches  to  relax  theii-  grip  on  the  holders.  The 
two  pairs  of  carbons  will  then  fall  together  and  will 
be  instantly  raised,  the  arc  appearing  only  between 
the  pair  that  is  incandescent.  The  clutch  magnet 
M has  a coil  at  its  lower  part  in  the  main  circuit, 
and  a coil  N at  its  upper  part  in  a shunt  circuit ; 
this  latter  coil,  when  put  in  cii’cnit  by  the  regulating 
shunt  coil  E,  reverses  the  polarity  of  the  clutch 
magnet,  and  thereby  releases  the  armature  and  the 
clutches  then  fall  away  ; but  as  this  has  the  im- 
mediate effect  of  reducing  the  strength  of  the  regu- 
lating coil  E,  the  reversing  circuit  is  at  once  broken, 
and  the  main  magnet,  being  no  longer  reversed,  lifts 
up  the  armature  smartly,  and  the  arc  is  re-estab- 
lished ; thus,  whenever  the  arc  becomes  too  long,  the 
main  magnet  is  momentarily  reversed  and  the  rcad- 
justmentcffected.  In  a modification,  a third  magnet, 
wound  in  the  same  circuit  as  the  reversing  coil  N,  is 
placed  below  the  armature,  so  that  if  the  reversing 
coil  N should  prove  too  weak  or  too  strong,  this 
additional  magnet  will  pull  the  armature  C from 
the  poles  of  tire  clutch  magnet  M.  Reference  is 
made  to  a prior  Specification  No.  3,071  of  1879. 

*4,507. — A.  E.  Gilbert,  London.  Insulators 
for  Telegraph  Wires,  &c.  2d.  October  15. 

Insulators. — An  earthcnwai’c  insulator  has  an 
oblique  lateral  channel,  the  sides  of  which  are 
under-cut  and  provided  with  lips.  The  strained 
horizontal  conductor  enters  the  opposite  end  of 
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each  of  the  two  recesses  and  is  housed  behind  the 
projecting  lips,  which  prevent  it  escaping  side- 
ways. 

*4,508. — J.  H.  Johnson,  London.  (E.  W. 
Parod,  Paris.)  Production,  Collection,  or 
Storage  and  Distribution  of  Electricity, 
&c.  4d.  October  15. 

Distributing  Currents. — This  invention  relates 
(1)  to  the  combination  with  the  condensing  con- 
ductors described  in  Patent  No.  4,686  of  1878,  of 
secondary  batteides  “ to  collect  and  store  up  the 
electricity  generated  in  excess  (2)  to  automatic 
apparatus  for  placing  the  batteries  in  communica- 
tion with  the  conductors  ; and  (3)  to  automatic 
apparatus  for  regulating  and  controlling  the  in- 
tensity of  the  distributed  currents,  and  for  throw- 
ing the  generators  in  or  out  of  action,  and  for 
operating  the  controlling  v^alves  of  steam  engmes. 
Under  the  first  head  it  is  stated  that  “ each  of  the 
metallic  armatures  of  the  said  condensers  may  be 
connected  with  a second  armature  in  direct  contact 
with  the  first,  and  consisting  of  water  acidulated 
or  saturated  by  any  metallic  salt,”  to  which'any 
suitable  substance  is  added  to  form  a permeable 
mass  in  which  the  excess  of  current  is  stored. 
Under  the  second  head,  a disc,  provided  with  an 
armature  and  contact  pieces,  is  attracted  equally 
by  a permanent  and  an  electro-magnet  so  long  as 
the  current  remains  normal ; should  the  tension 
however  increase,  ,the  electro-magnet  causes  the  disc 
to  insert  uncharged  accumulators  into  the  circuit, 
and  should  it  decrease,  the  permanent  magnet  causes 
it  to  insert  charged  accumulators  into  the  circuit. 
Under  the  third  head,  an  armature,  placed  between 
a permanent  and  an  electro-magnet,  is  moved  ac- 
cording to  their  relative  power,  and  in  moving 
changes  or  reverses  the  current. 

4,518. — W.  R.  Lake,  London.  (J.  J.  Journaux, 
Paris.)  Apparatus  for  Driving  or  Opera- 
ting Sewing  Machines  by  Electricity.  2d. 
October  17. 

Motor. — An  electric  motor  is  geared  with  the 
machine  by  elastic  and  variable  friction  appliances. 

4,533.  — R.  R.  Gibbs,  Liverpool.  Electric 
Lamps.  6d.  (3  figs.)  October  18. 

Arc  Lamp. — This  lamp  is  arranged  to  automati- 
cally bring  a fresh  “ candle”  into  action  as  the  pre- 
ceding one  is  consumed.  The  action  is  as  follows  : 
The  current  passes  to  the  fixed  socket  b,  thence 
through  the  carbons  h /d,  to  the  movable  sockets 
c ; it  then  passes  through  the  lever  d,  spring  f, 
lever  d\  spring /\  and  so  on  to  the  spring  and 
return  wire.  When  the  “candle”  h E has  been 
consumed  below  the  lower  edge  of  the  insulating 


strip  i,  the  two  carbons  are  free  from  each  other, 
and  the  spring  Ic  moves  the  lever  d until  the 
sockets  c and  b are  in  contact.  The  spring  / is  at 
the  same  time  moved  into  contact  with  the  socket 
of  the  next  candle  through  which  the  current  then 


passes.  When  continuous  currents  are  used  the 
carbons  are  insulated  on  three  sides,  leaving  the 
adjacent  sides  bare,  or  the  carbons  are  caused  to 
revolve  in  opposite  directions.  The  same  arrange- 
ments are  also  applicable  when  alternating  currents 
are  used. 


4,541. — R.  Kennedy,  Paisley.  Generation, 
Collection,  and  Distribution  of  Electro- 
Magnetic  Currents,  &c.  6d.  (9  figs.) 

October  18. 

Dynamo-Electric  Generator. — In  this  gene- 
rator the  field  magnets  a'  a'  consist  of  two  broad 
horseshoe  shaped  cores,  suitably  wound,  having  pole- 
pieces  within  which  the  armature,  consisting  of  a 
number  of  rings  e e mounted  upon  the  axis  b,  rotates. 
Each  ring  carries  a number  of  coils  woimd  upon  an 
annulus  of  iron  wire  supported  by  arms,  the  separate 


coils  being  divided  from  each  other  by  iron  clips / f 
that  serve  to  convey  the  inductive  force  from  the 
field  magnets  to  the  armature  core.  Each  armature 
ring  has  its  own  commutator  with  the  necessary 
brushes,  and  one  ring  is  used  solely  to  excite  the 
field  magnets.  The  currents  may  be  distributed  in 
various  ways,  and  the  coils  coupled  in  series  or 
parallel  arc  according  to  the  exigencies  of  the  in- 
stallation. 


4,552. — P.  Jensen,  London.  (T.  A.  Edison, 
New  Jersey,  U.S.A.)  Dynamo  or  Magneto- 
Electric  Machines.  6d.  (4  figs.)  October  18. 
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Dynamo-EIlectric  Generator. — This  invention 
relates  to  means  of  regulating  the  generative  power 
of  a generator.  “ For  this  purpose  in  one  case  the 
principle  is  made  use  of  that  the  power  of  an  electro- 
magnet can  be  weakened  by  diminishing  the  mass 
of  the  yoke  connecting  the  cores,  and  that  such 
power  can  be  strengthened  by  increasing  the  mass 
of  the  said  yoke  until  a maximum  is  gained.”  The 
illustration  shows  an  automatic  method  of  keeping  | 
the  electromotive  force,  developed  by  a generator, 
constant.  The  yoke  C C,  connecting  the  two  ; 
branches  of  the  field  magnets,  has  a central  conical 
opening  F,  in  which  plays  the  conical  block  G, 
forming  the  magnetic  circuit  regulator.  The  stem  of 
this  block  may  be  screwed  and  be  adjusted  by  hand. 


or  it  may  form  the  core  of  a solenoid.  This  sole- 
noid “is  used  to  draw  the  cone  into  the  yoke, 
the  same  being  retracted  by  a spring /and  by  its 
own  weight.  The  coil  of  the  magnet  is  in  the  main 
or  consumption  circuit.”  The  same  result  may  be 
accomplished  in  a second  way  by  the  use  of  levers 
or  bars  of  iron  adapted  to  be  adjusted  closer  to  or 
farther  away  from  the  pole  ends  and  yoke  of  the  j 

magnet,  or  the  pole  ends  alone,  so  as  “ to  partially  | 

shunt  the  magnetic  currents  or  lines  of  force  away  I 
from  or  around  the  field  in  which  moves  the  re- 
volving armature.”  Two  methods  of  arranging  the  I 
levers  are  shown  in  the  specification  ; one  in  which 
a lever  connects  B and  C and  also  B'  and  C,  and 
another  in  which  B and  B^  are  connected. 

4,553. — P.  Jensen,  London.  {T.  A.  Edison, 

N eta  Jersey,  U.S.A.)  Charging  and  Using 
Secondary  Batteries.  6d.  (4figs.)  October  18. 

Secondary  Batteries. — This  invention  relates 
to  means  for  maintaining  the  electromotive  force 
of  a current  from  secondary  batteries  constant,  by 
reinforcing  the  primary  current  from  time  to  time, 
so  as  to  keep  up  the  electromotive  force  in  the  main  | 
or  consumption  circuit.  Efig.  1 is  a diagram  repre- 
senting the  method  of  charging  the  secondary  cells, 
and  Fig.  2 a diagram  of  one  method  of  using  the  cells 
and  maintaining  the  electromotive  force  of  the  cur- 
rent. 1,  2 (Fig.  2)  are  the  main  conductors  of  a | 
distribution  system,  of  which  A represents  the  | 
lamps  connected  in  multiple  arc.  B represents  ; 
secondary  cells  arranged  in  two  series  C D,  the  I 


cells  of  each  series  being  coupled  together  and  con- 
nected to  the  positive  main  conductor  2 by  switches 
a.  At  the  other  end  the  two  series  are  connected 
together  by  a wire,  from  which  the  wire  9 leads  to  the 
positive  commutator  brush  of  a dynamo  or  mag- 
neto-electric generator  El.  The  negative  commu- 
tator brush  c is  connected  by  the  wire  5 with  1.  The 
field  circuit  6,  7,  of  El,  has  a series  of  resistances 
and  switch  d.  Each  series  C T)  has  the  right 


number  of  cells  to  give  the  desired  electromotive 
force.  Both  series  may  be  connected  by  a with  2 
at  the  start,  to  give  the  primary  current,  or  only 
one  series  may  be  so  connected,  and  then  the  other 
can  be  thrown  in  when  the  electromotive  force  of 
the  primary  current  drops.  The  generator  E is 
not  operated  until  the  current  due  to  both  C and 
D commences  to  drop  in  its  iiressure.  Then  the 
switch  d is  moved  to  the  upper  contact,  and  the 
engine  that  drives  E is  started.  This  throws  a 
reinforcing  current  in  multiple  arc  through  the 
secondary  cells.  At  each  subsequent  drop  in  the 
electromotive  force  the  switch  d is  moved  inwardly 
to  the  next  eontact,  and  the  standard  electromotive 
force  maintained.  Two  other  methods  of  arranging 
rows  of  cells  are  described  with  suitable  connections 
for  throwing  them  into  circuit  successively.  For 
charging  the  cells  two  or  more  dynamo  or  magneto- 
electric generators  N 0 are  connected  in  multiple 
arc  with  conductors  13  and  14,  Fig.  1.  The  field 
coils  of  the  generators  are  connected  in  series.  The 
cells  are  arranged  in  series  Q R,  connected  to  the 
conductors  13  and  14.  When  the  cells  are  fully 
charged  they  are  disconnected  from  13,  14,  and 
conveyed  to  the  points  of  consumption. 

4,559. — F.  M.  Newton,  Taunton.  Apparatus 
for  Generating  and  Utilising  Electricity. 
6d.  (13  figs.)  October  19. 

Dynamo-EIlectric  Generator. — This  invention 
relates  to  a method  of  constructing  the  armatures 
of  dynamo-electric  generators,  and  to  the  construc- 
tion of  an  arc  lamp.  E’ig.  1 is  a vertical  longitudinal 
section  of  the  armature  and  commutator  of  an 
electric  generator.  Edg.  2 is  a cross  section  of  the 
same,  with  part  of  the  coils  removed,  and  E'ig.  3 
is  an  end  view.  Upon  a shaft  B arc  threaded  a 
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number  of  notched  or  toothed  discs  A,  separated 
from  each  other  by  intervening  air  spaces,  and  so 
arranged  tliat  the  notches  togetlier  form  longitu- 
dinal grooves.  The  external  air  has  access  to  all 
the  spaces  tlirongh  the  helical  grooves  F F,  and 
is  thrown  out  through  the  coils  by  the  centrifugal 
force  and  the  action  of  the  blades  or  wings  E E. 
The  method  of  winding  the  armature  is  as  follows  : 
The  wire  is  laid  down  groove  1,  then  across  the 
end  of  tlie  armature,  as  a chord  of  the  circle, 
and  back  down  groove  6.  Crossing  the  other  end 


of  the  core,  it  again  goes  down  groove  1,  and  so 
on  until  1 and  6 are  filled.  Grooves  9 and  14, 
2 and  13,  and  5 and  10  are  then  wound  in  a 
similar  manner.  At  this  stage  eight  of  the  sixteen 
grooves  are  filled,  and  the  portions  of  the  coils 
which  appear  at  each  end  of  the  core  enclose  a 
square.  The  remaining  grooves  are  then  wound 
in  the  order  of  4 and  15,  7 and  12,  11  and  16,  and 
8 and  3.  One  end  of  each  coil  is  coupled  to  the 
appropriate  end  of  the  coil  that  lies  in  a parallel 
plane  with  it,  and  the  remaining  end  of  each  coil 
is  connected  to  the  commutator.  Thus  the  eight 
coils  form  four  circuits.  The  commutator  G con- 
sists of  four  metallic  rings  on  a wood  boss. 
There  is  one  ring  for  each  circuit  on  the  arma- 
ture, and  each  ring  is  divided  into  two  parts 
or  segments,  of  which  one  constitutes  five-eighths 
and  the  other  three-eighths  of  the  whole  circum- 
ference. One  end  of  each  circuit  is  attached  to  one 
part  of  a ring,  and  from  the  construction  it  follows 
that  when  the  circuit  is  in  the  neutral  part  of  the 
field,  one  end  is  insulated,  and  the  two  brushes  are 
connected  through  the  major  segment  of  the  ring. 
Two  modified  forms  of  commutator  are  also  de- 
scribed ; in  one  the  two  ends  of  the  coils  are 
connected  together,  as  well  as  the  two  brushes  at 
the  neutral  point,  and  in  the  other  both  ends  of 
the  coil  and  brushes  are  insulated.  By  aid  of  the 
commutator  the  coils  may  all  be  connected  in 
parallel  arc,  or  they  may  be  joined  in  series  by 
connecting  the  positive  brush  of  H to  the  negative 
of  H',  and  the  positive  of  H'  to  the  negative  of  H", 
and  so  on. 

Arc  Lamp. — Fig.  5 is  a section  of  an  arc  lamp  in 
which  the  feature  of  novelty  lies  in  the  method  of 
releasing  and  retaining  the  upper  carbon.  The 
carbon  A passes  through  a socket  G (see  detail 
view),  in  which  is  an  inclined  slot  or  gate  contain- 
ing a cylinder  or  roller  O.  This  roller  jams  the 


carbon  against  the  opposite  side  and  holds  it  so  long 
as  the  lamp  is  burning  with  the  normal  arc.  As 
the  current  begins  to  fail,  the  core  of  the  solenoid 


descends,  lowering  the  socket  and  carbon  until 
the  roller  0 comes  in  contact  with  the  fixed  finger 
below  it,  and  is  forced  up  the  slot,  when  the  carbon 
is  freed  and  descends  to  adjust  the  arc. 

4,571. — E.  G.  Brewer,  London.  (T.  A.  Edison, 
New  Jersey,  U.S.A.)  Measurement  “ of 
Electricity  in  Distribution  Systems.  6d. 
(3  figs.)  October  19. 

Current  Meters. — The  object  of  this  invention 
is  to  provide  check  meters  at  the  central  station 
to  measure  the  total  quantity  of  electricity  sent 
forth,  and  to  check  it,  if  necessary,  against  the 
aggregate  results  of  the  consumers’  meters  ; also 
to  determine  the  loss  from  leakage  by  coupling  the 
negative  conductor  to  earth  and  measuring  the  flow 
into  it.  This  flow  will  exactly  equal  the  leakage  ; 
1,  2 are  the  main  feeding  conductors,  and  3,  4,  5,  6, 
7,  8 the  consumption  circuits  ; from  the  latter 


extend  the  house  conductors  9,  10,  supplying  the 
lamps  L ; G represents  the  generators  connected  in 
multiple  arc  ; M M are  the  current  meters  arranged 
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in  shunts  between  G and  1.  These  meters  ean  be 
situated,  if  desired,  as  shunts  to  tlie  eonductors  3, 
5,  and  7 of  the  consumption  circuits.  A resistance 
R is  employed  to  shunt  a definite  proportion  of  the 
current  through  the  meters.  is  the  leakage 

meter  in  line  11  from  earth  to  2.  Any  form  of 
meter  may  be  employed. 

4,576. — E.  G.  Brewer,  London.  (T.  A.  Edison, 
New  Jc7'sey,  U.S.A.)  Meters  for  Mea- 
suring Electric  Currents.  6d.  (4  figs.) 

October  19. 

Current  Meters. — This  invention  relates  to  an 
electro-depositing  meter  to  indicate  a cori'ect  result 
with  a smaller  current  than  the  copper  cell  pre- 
viously employed  for  the  same  purpose.  This  is 
accomplished  by  using  amalgamated  zinc  electrodes 
in  a solution  of  sulphate  of  zinc.  The  plates  have  a 
heavy  coating  of  zinc  deposited  on  them  before  being 
placed  in  the  meter,  “ which  zinc  will  be  thoroughly 
amalgamated  while  being  deposited.”  The  deposit- 
ing cell  M is  arranged  in  a shunt  from  one  of  the 


conductors  2 of  a house  or  other  consumption  cir- 
cuit, a resistance  R being  placed  in  the  line  to  shunt 
a definite  small  portion  of  the  current  through  the 
meter.  A wire  resistance  R'  is  placed  in  the  meter 
circuit  to  compensate  for  the  effects  of  change  of 
temperature  in  the  resistance  of  the  cell.  To  pre- 
vent the  establishing  of  a counter  current,  and  the 
recomposition  of  the  solution  when  no  current  is 
flowing  through  the  house,  an  electro-magnet  A is 
provided  for  automatically  breaking  the  shunt  when 
the  current  ceases.  To  prevent  the  temperature 
in  the  cell  falling  too  low,  a carbon  or  metal  resis- 
tance is  placed  beside  it  (Fig.  2),  and  at  a certain 
temperature  a coiled  spiing  makes  contact  and 
diverts  a definite  portion  of  the  current  through 
the  resistance,  thereby  generating  heat.  The  meter 
may  comprise  two  cells,  one  with  a much  greater 
resistance  than  the  other,  to  be  used  as  a check. 
In  place  of  glass  vessels  and  metal  plates,  two  con- 
centric copper  cylinders  may  be  used. 

*4,582.— A.  M.  Clark,  London.  (J.  de  Chmvjy, 
Paris.)  Lighting  of  Railway  Carriages, 
&.C.,  by  Electricity.  2d.  October  19. 

Electric  Light. — A generator,  driven  by  one 
of  the  axles,  supplies  its  current  to  a series  of 


secondary  batteries  from  which  “the  current  is 
conducted  to  lamps  on  the  incandescence  system.” 

*4,591,^ — H.  J.  Haddan,  London.  [0.  Dessahjne, 
Villefrayiche,  France.)  Generating  Elec- 
tricity. 2d.  October  20. 

Generator-S.- — The  object  of  this  invention  is  to 
utilise  the  power  of  flywheels  by  attaching  to  them 
magnets,  ‘ ‘ and  placing  bobbins  or  electro-magnets 
around  such  magnets,”  &c.  “ Electricity  is  obtained 
in  this  way  without  any  additional  working  ex- 
pense.” 

4,592. — A.  Millar,  Glasgow.  Apparatus  for 
Generating  Electricity,  &c.  8d.  (1.3  figs.) 
October  20. 

Magneto-Electric  Generator. — Referring  to 
the  illustration,  A is  a plate  of  bronze  resting  upon 
the  edges  of  an  open  cistern  B filled  with  water. 
C C C are  permanent  magnets,  and  E E E are  soft 
iron  bars  wound  with  coils  of  insulated  wire.  A 
series  of  soft  iron  rollers  G G,  in  number  one  less 
than  the  number  of  magnets,  are  driven  in  a 
circular  path  on  the  surface  of  the  plate  A,  and 
come  in  contact  with  the  ends  of  C and  E simul- 
taneously. When  the  shaft  H is  made  to  rotate  in 
either  direction  the  magnetism  of  the  magnets  is 
communicated  to  the  bars  E E by  the  rollers,  and 
currents  of  electricity  are  generated  at  the  moment 


of  “magnetisation  and  demagnetisation.”  The 
heat  which  is  produced  is  absorbed  by  the  liquid 
in  the  tank.  When  water  is  used,  the  coils  must 
be  insulated  by  japan  or  other  waterproof  material. 
A modification  of  this  generator  has  horseshoe  in 
place  of  bar  magnets.  In  order  to  lessen  the  force 
required  to  separate  the  rollers  from  the  magnets, 
these  latter  have  pole-pieces  that  gradually  taper 
in  one  direction. 

Motor. — The  invention  also  relates  to  an  electro- 
motor. This  consists  two  parallel  discs,  the  first 
having  electro-magnets  on  the  inside  of  its  rim  like 
the  teeth  of  an  internal  gear  wheel.  The  second 
has  electro-magnets  on  its  pcriiihcry  like  the  teeth 
of  a spurwhccl,  and  is  placed  within  the  other,  so 
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that  the  teeth  on  one  side  of  it  gear  with  the  teeth 
on  one  side  of  the  othei-  disc,  in  the  same  way  that 
a solid  pinion  and  an  internally  toothed  wheel 
usually  gear.  The  number  of  magnets  on  one  disc 
is  greater  than  that  on  the  other  in  the  ratio  of 
twelve  to  ten,  and  on  account  of  this  difference  of 
numbers,  and  also  owing  to  the  eccentricity  of  the 
shafts,  “the  poles  of  one  pair  of  magnets  are  at  a 
considerable  distance  apart,  the  next  pair  nearer 
together,  the  third  pair  still  nearer,  and  the  fourth 
pair  are  passing  each  other.  A current  of  electricity 
sent  through  the  coils  of  the  magnets  causes  the 
poles  to  be  attracted,  and  as  they  can  approach 
each  other  only  when  the  two  discs  are  made  to 
rotate  simultaneously  in  one  direction,  a motion  of 
rotation  is  established.” 

4,607. — H.  F.  Joel,  London.  Magneto-Electric 
Machines.  6d.  (25  figs.)  October  21. 

Dynamo-Electric  Generators. — The  improve- 
ments “are  essentially  in  the  construction  of  the 
frame,  the  field  magnets,  the  revolving  armature, 
the  commutator,  and  the  brushes  and  frames  ; and, 
further,  in  the  novel  disposition  of  the  magnets 
relatively  to  the  armature,  and  in  the  method  of 
connection  between  the  armature  coils  through  the 
commutator.”  The  illustrations  are  two  elevations 
of  one  form  of  generator.  There  are  four  field 
magnets  with  poles  N S,  N’  S’  at  their  centres,  and 
each  pole  carries  a pole-piece  n n’.  The  revolving 
armature  has  nine  coils,  and  is  wound  on  a hollow 
annular  core,  carried  on  a non  magnetic  boss  pro- 
vided with  arms.  The  construction  of  this  centre 
or  core  can  be  partly  seen  in  Fig.  2.  It  consists  of  a 
boss  with  arms,  which  support  two  rings  of  wrought 
iron,  each  made  of  two  layers  of  overlapping  plates, 
and  separated  by  an  air  space.  Around  these  two 


rings  the  coils  are  wound,  after  the  manner  that 
obtains  in  the  Brush  armature,  and  between  them 
iron  cheek  pieces  ee  are  fixed.  These  cheeks  have 
hooks  that  pass  over  the  edge  and  down  between 
the  rings,  which  are  magnetically  insulated  from 
each  other.  It  has  been  “ found  that  the  strongest 
action  obtainable  from  ring  armatures  with  project- 
ing cheeks,  of  this  or  other  construction,  occurs 
when  the  cheeks  make  and  break  from  the  ends 
of  the  extending  pole-pieces.”  To  intensify  this 


action  the  pairs  of  pole  plates  are  arranged  “to  al- 
ternately overlap  and  be  in  advance  of  one  another. 
In  this  case  the  coil  is  at  the  moment  of  its  passing 
across  the  centre  of  the  pole  plates  comparatively 
neutral,  whilst  at  the  same  moment,  in  consc(picnce 
of  the  odd  numbers,  there  is  no  neutral  coil  in  front 
of  the  centre  of  the  other  poles.”  The  pole  plates 
may  be  modified  by  affixing  thereto  slight  internal 
radial  projections,  like  broad  chipping  pieces.  In 
such  an  arrangement  the  neutral  coils  are  cut  out 
between  the  pole  plates  as  in  ordinary  ring  arma- 
tures, and  not  in  the  centre,  “and  the  magnetic 
make  and  break  takes  place  at  or  near  the  centres 
of  the  pole  plates.”  By  this  construction  of  pole 
plates  there  is  gained  “the  advantage  of  the  cur- 
rents from  the  induction  action  being  added  to  the 
currents  from  the  magnetic  make  and  break.”  In 
Fig.  2 there  is  shown  one  of  Varley’s  commutators, 
consisting  of  a number  of  rings,  corresponding  to 
the  single  or  double  coils  on  the  armature,  with 
insulating  spaces  for  reversing  and  cutting  out  the 
bobbins  as  desired.  The  brushes  and  holders  can 
be  adjusted  angularly  by  the  handle  Z,  and  each 
brush  can  be  moved  in  and  out  by  a rack  and 
pinion.  Another  form  of  commutator  is  made  with 
segmental  plates,  each  plate  being  stepped  in  the 
middle,  so  that  the  brush  is  in  contact  alternately 
with  one  plate  and  two  plates.  In  conjunction 
with  this  commutator  there  may  be  constructed  on 
the  same  axle  a short  circulating  device,  consisting 
of  an  indented  metal  wheel  with  the  indentations 
filled  with  insulating  material.  “This  device  en- 
ables one  through  a subsidiary  brush  or  brushes 
to  short-circuit  from  the  commutator  through  the 
exposed  metallic  portions  at  the  intervals  of  the 
insulating  material  occurring  at  the  time  of  the  in- 
crease consequent  on  the  cutting  out  of  the  neutral 
coil.”  This  device  may  be  used  to  connect  up  in 
a shunt  circuit  supplementary  coils  of  wire  coiled 
round  the  field  magnets  in  a similar  method  to 
that  advocated  by  Wheatstone,  or  the  current  may 
be  led  through  a separate  leading  wire  to  be  utilised 
as  maybe  desired.  A second  type  of  generator  has 
its  field  magnets  arranged  as  in  the  figures,  but  the 
opposite  poles  are  of  unlike  name.  The  two  rims 
of  the  armature  core  are  magnetically  connected, 
and  each  is  wound  with  independent  coils.  The 
connection  between  the  coils  and  the  commutator 
plates  is  made  by  wires,  each  of  which  leads  from 
one  commutator  plate  and  is  branched  to  the  similar 
poles  of  a pair  of  coils,  one  in  each  ring,  but  one  coil 
in  advance  of  the  other.  In  a third  generator 
the  special  feature  is  that  the  ends  of  the  pole- 
pieces  are  bevelled  off,  so  that  the  armature  coils 
emerge  gradually  from  their  influence.  In  the 
fourth  and  last  generator  there  are  four  polar 
fields  around  an  armature  like  the  one  shown  in 
the  figures,  but  with  eight  coils  instead  of  nine. 
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These  are  divided  into  two  distinct  circuits,  and, 
from  the  construction  of  the  armature,  each  system 
of  coils  is  at  one  time  alone  in  connection  with  the 
leading  wires  through  the  brushes,  and  at  another 
time  the  two  systems  are  combined  in  parallel 
circuit. 

4,617. — A.  M.  Clark,  London.  {II.  B.  Sheridan, 

Cleveland,  Ohio,  U.8.A.)  Electric  Lamps. 

6d.  (6  figs.)  October  21. 

Arc  Lamp. — This  invention  relates  to  an  arc 
lamp  of  which  Fig.  1 is  a sectional  elevation.  Fig.  3 
is  a similar  view  of  the  regulating  mechanism  to  a 
larger  scale,  and  Fig.  2 is  a section  at  right  angles 
to  Fig.  3.  The  lower  carbon  is  raised  by  a cord 
passing  over  guide  pulleys  in  the  framing  and 
wound  on  the  groove  1 of  the  pulley  H.  The 
upper  carbon-holder  depends  from  a cord  wound 
in  the  opposite  direction  on  the  groove  2.  The 
pulley  H rides  loose  on  a pin,  and  is  turned  in  one 
direction,  to  establish  the  arc,  by  the  end  of  the 
spring  i acting  as  a pawl,  and  taking  into  teeth  on 
the  flange,  and  in  the  other  direction  by  the  pawl 
X on  the  lever  w.  The  adjustable  spring  i is  de- 
pressed by  an  arm  h on  the  lever  d,  which  is  operated 
by  the  differential  coils  D and  E,  of  which  D is  in  the 

Fig.  1.  Fig.  2. 


main  circuit,  and  K in  a shunt  circuit.  The  lever 
w is  centred  on  the  arm  v,  and  slotted  out  to  pass 
the  pin  G ; it  is  moved  by  a driving  pin  on  an  arm 
projecting  horizontally  from  the  lever  d.  At  its 
outer  end  it  carries  an  insulated  plate  m,  electrically 
connected  to  one  terminal,  which  is  put  in  contact 
with  a similar  plate  o,  connected  to  the  other  lamp 
terminal,  when  the  carbon-holders  have  reached 


the  limit  of  their  travel  and  the  arc  fails.  Fig.  1 
shows  the  position  of  the  parts  when  the  lamp  is 
ready  for  lighting.  Upon  the  passage  of  the 
current  the  core  c moves  into  the  coil  D,  and  the 
lever  d presses  the  spring  i on  to  the  toothed 
wheel,  turning  the  pulley  in  the  opposite  direction 
to  the  hands  of  a watch  and  separating  the  carbons. 
As  the  arc  lengthens  the  core  c moves  back  into 


the  coil  E,  and  the  levers  d allow  the  spring  i to 
rise,  at  the  same  time  by  means  of  the  lever  and 
pawl  X it  turns  the  toothed  wheel  in  the  opposite 
direction,  and  causes  the  carbons  to  approach  each 
other.  As  the  levers  d,  v)  have  different  fulcra, 
but  are  connected  together,  the  pawl  x will  travel 
faster  and  further  than  the  holding  plate  h,  and 
the  pulley  will  make  its  movement  before  being 
fully  released  from  the  spring  i.  The  outer  end 
of  each  coil  is  closed  by  a “ vibrating  plate”  like  a 
reed,  to  act  as  a dash-pot. 

*4,632. — J.  S.  Sellon,  London.  Secondary 
Batteries.  2d.  October  22. 

Secondary  Batteries. — These  are  made  by 
packing  peroxide  of  lead  round  pieces  of  metal  or 
carbon.  The  metal,  such  as  platinum,  is  used  in 
the  form  of  gauze,  sheet,  or  foil,  plain  or  corru- 
gated, and  is  fixed  to  wooden  or  other  frames. 
The  oxide  is  enclosed  in  porous  materials  to  form 
cells.  Sheets  of  lead  attached  to  one  or  both  sides 
of  the  cells  form  the  second  electrode.  On  dipping 
into  acidulated  water  a suflicient  quantity  is 
absorbed  to  put  the  battery  in  action  without  tlio 
use  of  a free  liquid. 

4,654. — G.  G.  Andre,  Dorking.  Electric  In- 
candescent Lamps,  (id.  ((j  figs.)  October  24. 

Incandescence  Lamps. — To  form  the  filament  a 
vegetable  fibre,  such  as  rattan,  is  immersed  in  a 
mixture  of  one  part  nitric  and  four  parts  sul- 
phuric acid,  and,  after  washing,  is  steeped  in  a 
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solution  of  iiitro-cellulosc  in  ether,  or  other 
solvent,  where  it  is  allowed  to  remain  until  it 
assumes  a semi-dissolved  state.  The  material 
thus  prepared,  when  dry,  is  formed  into  the 
shapes  required,  which  are  then  carbonised  in 
the  ordinary  way  and  treated  in  ether,  tar,  boiled 
linseed,  or  other  drying  oil,  sugar  syrup,  solution 
of  starch,  dextrine,  or  the  like,  to  fill  up  the  pores. 
The  filaments  are  then  calcined  to  carbonise  the 
absorbed  substances  ; or  the  pores  may  be  filled  up 
by  heating  the  carbon  in  a vessel  of  hydro-carbon 
gas  ; or  the  filament  may  be  steeped  in  drying 
oil,  and  the  oil  allowed  to  dry  before  ealcuiing ; 
or  burnt  linseed  oil  mixed  with  lampblack  may 
be  rubbed  into  the  fibre.  The  ends  of  the  fila- 
ment may  be  inserted  into  sockets  at  the  ends 
of  the  conductors  and  be  fixed  by  dissolved  nitro- 
cellulose, wood  pulp,  or  burnt  boiled  oil,  and  car- 
bonised by  the  current.  This  is  shown  in  Fig.  1, 
where  h h are  carbon  blocks  or  metallic  sockets, 
attached  to  the  conducting  wires  c c,  a being  the 
filament,  and  d d wires  connected  to  each  of  the 


blocks,  which  are  united  by  a wire  e to  complete 
the  circuit  during  the  carbonisation  of  the  contacts. 
Another  method  is  to  couple  the  filament  to  the 
wires  by  the  aid  of  a clip  of  mica  or  steatite.  Fig.  2 
shows  the  exhausting  apparatus.  At  each  end  of  ' 
the  bulb  there  is  fixed  a contracted  tube,  and  to 
the  lower  of  these  there  is  coupled  a vessel  of 
mercury  by  means  of  a flexible  tube  p-  When  the 
vessel  is  raised  the  globe  is  filled  with  mercury, 
the  greater  part  of  the  air  being  expelled  through 


the  tube  j,  which  is  filled  with  a soft  stopping. 
The  vessel  is  then  lowered  more  than  30  in.  to 
create  a barometrical  vacuum  in  the  globe.  This 
liberates  the  occluded  gases  of  the  filament,  which 
on  again  raising  the  vessel  are  forced  out  of  the 
tube  j.  This  is  unstopped  and  then  sealed,  the 
tube  h being  sealed  when  the  vessel  is  again 
lowered. 

4,659. — R.  H.  Courtenay,  London.  Lighting 
by  Gas  and  Electricity  Combined.  Gd. 
(4  figs.)  October  25. 

Electric  Light. — Four  methods  of  carrying  out 
this  invention  are  illustrated.  In  the  first,  a curved 
platino-iridium  wire,  rendered  more  or  less  incan- 
descent by  an  electric  current,  is  placed  in  the  upper 
fringe  of  the  flame  of  a batswing  burner.  In  the 
second,  a vertical  wire,  rendered  incandescent,  passes 
douTi  the  centre  of  a Bunsen  burner.  In  the  thii'd,  a 
Jablochkoff  caudle  has  a passage  for  gas  made  in  the 
“colombin.”  In  the  last,  an  ordinary  arc  light  has 
an  Argand  gas  burner  surrounding  the  lower  carbon. 

*4,664. — J.  Imray,  London.  {J.  Carpentier, 
Paris.)  Electrometers.  2d.  October  25. 

Current  Meter. — The  instrument  consists  of 
two  tangent  galvanometers  arranged  at  right  angles 
to  one  another,  and  set  to  act  upon  the  same  needle. 
Or  one  coil  may  be  placed  above  the  other,  and  each 
may  have  its  own  needle,  provided  that  the  two 
needles  be  rigidly  connected.  The  instrument  is 
designed  for  measuring  the  relative  intensities  of 
two  currents. 

4,684. — F.  C.  Kinnear,  London.  Balloons  for 
Illumination.  6d.  (3  figs.)  October  26. 

Electric  Light.  —This  invention  refers  chiefly 
to  captive  balloons,  the  exteriors  of  which  are 
illuminated  by  electric  light,  the  current  being 
supplied  by  a generator  on  the  earth.  In  free 
balloons  the  current  is  stored  in  secondary  batteries 
carried  by  the  balloon  itself. 

*4,771. — C.  Crastin,  London.  Lighting  by  Gas, 
&c.  2d.  November  1. 

Incande.scence  Lamps. — A burner  constructed  of 
“any  suitable  heat-resisting,  nou-conductmg  ma- 
terial formed  with  holes  to  receive  the  ends  of  a 
number  of  loops  and  rings  of  platinnm  ....  may 
be  employed  for  electric  lighting.” 

4,775. — H.  A.  Bonneville,  London.  (L.  Daft, 
Broohlyn,  U.S.A.)  Electric  Lamps.  Cd. 
(6  figs.)  November  1. 

Arc  Lamp. — In  its  simplest  form,  as  shown  in 
Fig.  1,  this  lamp  has  no  regulating  mechanism 
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whatever.  The  upper  carbon  slides  down  a tube 
F,  until  arrested  by  the  claws  b h,  which  only  allow 
the  part  that  has  wasted  in  diameter  under  the 
action  of  the  current  to  pass  through  them.  The 
lower  carbon  is  similarly  regulated,  the  lifting 
power  resulting  from  its  being  immersed  in  mercury. 
The  arc  is  established  by  the  solenoid  A.  The  core 
is  attached  firmly  to  a prolongation  of  the  carbon- 
holder,  and  the  weight  of  the  two  is  carried  by  a 


spiral  spring.  As  soon  as  the  circuit  is  established, 
the  core  is  lifted  and  the  arc  appears.  The  lamp  is 
suspended  by  springs  to  prevent  the  vibrations  of 
the  support  affecting  the  light.  When  the  lamps 
are  burnt  in  series  a fine  differential  coil  M is  added 
to  each  (Fig.  2),  and  it  is  so  arranged  that  its  force 
is  opposed  to  that  of  the  solenoid.  Fig.  2 also 
shows  a regulating  appliance  that  may  be  used  in 
place  of  the  claws  b to  feed  down  the  upper  carbon- 
holder.  It  consists  of  a bell-crank  lever  t pivotted 
to  the  core.  The  horizontal  arm  is  a loop  embrac- 
ing the  carbon-holder,  which  can  slide  through 
the  core.  When  the  vertical  arm  is  strongly 
attracted  to  the  core  the  horizontal  arm  clips  the 
holder  and  retains  it. 


*4,777. — E.  R.  Prentice,  Stowmarket.  Electric 
Lamps.  2d.  November  1. 

Arc  Lamp. — The  upper  carbon  is  fixed  to  a 
piston  which  moves  in  a cylinder  filled  with 
glycerine.  Communication  is  made  between  the 
two  ends  of  the  cylinder  by  a passage  governed 
by  a solenoid  core  acting  as  a valve.  When  the 


circuit  is  completed  the  core  moves  downwards, 
compressing  the  fluid  in  the  lower  part  of  the 
cylinder  and  raising  the  carbon-holder  piston.  As 
the  carbons  W'aste  the  core  rises  and  allows  the 
j glycerine  to  pass  from  the  lower  to  the  upper  side 
j of  the  piston. 

j *4,778. — F.  Wright,  London.  Electric  Lamps. 

2d.  November  1. 

Incandescence  Lamps. — The  globe  has  a “ bottle 
neck,”  clamped  at  its  upper  end  over  two  short 
platinum  conductors ; these  are  connected  to  two 
j copper  wires  which  at  their  other  ends  are  con- 
j nected  to  the  filament  by  two  other  short  platinum 
I wires.  The  globe  is  exhausted  through  a tube  pro- 
! jecting  obliquely  from  the  neck. 

4,780. — A.  T.  Woodward,  New  York,  U.S.A. 

Insulating  Electric  Conductors,  &.c.  6d. 

(2  figs.)  November  1. 

j Conductors. — This  invention  relates  to  the  mode 
of  rendering  the  whole  of  the  conductors  and  test- 
boxes  water  and  air-proof,  and  at  the  same  time 
of  permitting  easy  access  to  the  test-boxes.  The 


conductors  are  laid  in  a tube  and  run  in  with  a 
non-conducting  composition  composed  of  silica, 
G6  parts  ; resin  or  pitch,  34  parts ; wax,  26  parts  ; 
and  oil,  3 parts.  The  mixture  does  not  jsenetrate 
the  testing-boxes,  although  it  surrounds  them  on 
all  sides. 


4,792. — W.  E.  Hubble,  London.  (J.  J\[.  A. 
Ga'cird-Lesctiyer,  raris.)  Apparatus  for 
Closing  the  Circuit  on  the  Extinction  of 
an  Electric  Lamp,  &c.  6d.  (8  figs.)  Novem- 
ber 2. 

Automatic  Cut-Out.— The  figure  illustrates 
one  device  according  to  this  invention.  Two 
metal  cups  D 1)'  are  placed  in  the  circuit,  at 
opposite  sides  of  the  lamp,  underneath  two  metal 
rods  C C,  eonnected  by  a crossbar.  The  cups  are 
partly  filled  with  mercury  in  such  manner  that 
during  the  normal  working  of  the  lamp  one  rod  is 
always  in  the  mercury,  while  the  other  is  slightly 
above  it.  The  two  rods  are  suspended  by  a 
platinum  helix  A,  offering  a greater  resistance 
than  the  lamp,  and  held  by  a binding  screw  (J, 
which  communicates  by  a shunt  circuit  with  a 
binding  screw  11,  connected  with  the  main  circuit  on 
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the  side  of  the  lamp  corresponding  to  tlie  rod  C*, 
which  is  not  in  contact  with  the  mercury.  The 
circuit  wires  x to  and  from  the  lamp  are  connected 
respectively  to  the  cups  D and  1)’,  so  that  during 
the  normal  working  of  the  lamp  the  current  passes 
in  the  manner  indicated  by  the  full  line  arrows  ; 
but  when  from  any  cause  the  lamp  goes  out  the 
current  passes  through  the  mercury  and  up  the 
platinum  helix.  The  helix  then  becomes  heated  and 


allows  both  rods  C C’  to  descend  and  form  a short 
circuit  between  the  two  mercury  cups.  Instead 
of  the  helix,  fusible  material  or  a thin  rod  of  carbon 
may  be  employed.  Several  modifications  are  de- 
scribed. In  the  first  the  platinum  helix  is  re- 
placed by  a permanent  magnet  surrounded  by  a 
coil.  The  passage  of  a current  demagnetises  the 
coil  and  allows  the  rods  to  drop.  In  the  second 
an  electro-magnet  in  a shunt  circuit  tilts  a lever 
and  thus  makes  the  connection. 

4,797. — C.  L.  Gore,  New  York.  Telegraphic 
or  Telephonic  Cables  and  Conductors. 
6d.  (5  figs.)  November  2. 

Conductors. — ^Each  wire  is  insulated  by  collars 
or  washers  of  insulating  material  threaded  on  to  it, 
and  when  laid  underground  the  wires  are  packed 
together  as  shown  in  the  figure.  The  intervening 


space  is  filled  with  semi-liquid  material,  such  as 
water  glass.  The  inner  tube  is  of  earthenware  and 
the  outer  one  of  cast  iron,  the  lower  half  of  which 
is  provided  with  a suitable  recess  to  contain  a 
strip  of  india-rubber,  the  upper  half  being  provided 
with  a corresponding  projection. 


*4,812. — H.  J.  Haddan,  London.  ( IE.  de  Ihinscher, 
Ilnin.seln.)  Apparatus  for  Using  Electric 
Lamps  on  Locomotives,  &c.  2d.  Novem- 
ber 3. 

Electric  Liciit.  — “An  electric  lamp  with 
movable  reflector  ” is  used.  The  current  is  supplied 
by  a generator  driven  by  friction  gearing. 

4,819. — W.  Lloyd  Wise,  London.  {E.  Biirgin, 
Basle,  Switzerland.)  Motors  Actuated  by 
Electricity.  Gd.  (3  figs.)  November  3. 

Motor. — Referring  to  the  illustration,  A is  a 
hollow  sphere  of  thin  brass  divided  into  two  hemi- 
spheres B and  C,  whose  junction  forms  a horizontal 
great  circle.  These  hemispheres  are  wound  with 
insulated  conducting  wires  D,  coiled  in  convolutions 
parallel  to  the  horizontal  plane  of  junction.  On 
the  shaft  F is  fixed  a core  G wound  with  insulated 
wire  into  the  form  of  a sphere.  J is  the  commu- 
tator formed  of  three  insulated  parts  (I.,  II.,  III.). 
The  extremities  of  the  conductor  on  the  core  G are 


connected  to  the  segments  I.  and  II.,  whilst  those 
of  the  conductor  on  the  stationary  part  are  con- 
nected to  a pair  of  brushes  of  which  one  only, 
viz.  b,  is  shown  in  the  drawdng.  The  current 
enters  at  K,  which  is  connected  to  the  brush  a and 
the  segment  I. , and  then  traverses  the  layers  of  the 
conductor  on  the  core  and  returns  to  II.  In  this 
manner  it  always  traverses  the  bobbin  in  the  same 
direction.  From  the  segment  II.  the  current 
passes  through  the  brush  h into  the  outer  con- 
ductor, and  after  circulating  through  it  comes  out 
again  in  the  segment  III.,  whence  it  passes  through 
the  other  brush  to  the  negative  terminal.  The 
core  G is  of  non-magnetic  material,  but  it  may  be 
soft  iron  or  a permanent  magnet.  In  the  latter 
case  it  need  not  be  provided  with  coils. 

4,820.— W.  Lloyd  Wi  se,  London.  (E.  Biirgin, 
Basle,  Switzerland.)  Electric  Lamps  or 
Regulators.  6d.  (11  figs.)  November  3. 

Arc  L.\mp. — In  the  illustrations  Fig.  1 is  a side 
elevation  of  a lamp  provided  with  two  sets  of 
carbons,  one  set  of  which  comes  into  action  when 
the  first  set  is  consumed.  Fig.  2 is  a sectional 
plan.  N S is  an  electro-magnet  through  which 
the  current  passes  before  arriving  at  the  electrodes ; 
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an  armature  i is  suspended  before  the  magnet  and 
forms  the  side  of  a parallelogram,  of  which  the 
other  sides  are  the  connecting  links  k I and  the 
casing.  To  this  armature  is  fixed  a bracket  carry- 
ing a horizontal  shaft,  on  which  are  two  pinions 
in  gear  with  racks  on  the  carbon-holders  sliding 
in  guides  in  the  bracket.  The  pinions  are  free 
to  turn  on  the  shaft  in  one  direction,  but  are 
held  in  the  opposite  direction  by  pawls  and  ratchet 
wheels.  II  is  a brake  wheel  fast  to  the  shaft  and 
situated  below  a brake  shoe  W attached  to  the 
casing.  The  method  of  maintaining  one  pair  of 
electrodes  out  of  action  until  the  other  is  consumed 
is  as  follows  : A lever  is  pivotted  on  a stud  placed 
between  the  two  carbon-holders.  The  pivot  is 
much  nearer  one  holder  than  the  other,  whence  it 


follows  that  if  the  two  ends  of  the  lever  be  forced 
into  contact  with  the  two  holders  one  will  exert  a 
much  greater  pressure  than  the  other.  If  this  pres- 
sure be  suitably  regulated  one  rod  can  slide  down 
while  the  other  will  be  jammed  until  the  end  of  the 
first  holder  has  dropped  below  the  lever,  when  the 
second  holder  will  be  free.  When  the  current 
traverses  the  lamp  the  electro-magnet  attracts  the 
armature  i,  raising  it  and  the  bi'acket  vith  the 
parts  attached  to  it.  By  this  movement  the  brake 
wheel  comes  in  contact  with  the  shoe  and  it  is 
held.  At  the  same  time  the  upper  carbons  are 
raised  and  the  arc  is  established  betweeir  the  free 
pair.  When  the  arc  lengthens  the  armature  de- 
scends and  the  brake  wheel  is  released,  conse- 
quently the  upper  electrode  moves  downwards.  In 
the  illustration  the  armature  is  showir  wrapped 
with  a coil.  This  coil  may  either  be  in  the  lamp 
circuit  to  increase  the  power  of  the  magnetic 
attraction,  or  it  may  be  in  a shunt  circuit  and  be 


opposed  to  the  regirlating  magnet.  The  specifica- 
tion also  describes  a sinrpler  form  of  lamp  with 
only  one  pair  of  electrodes.  In  this  lamp  the 
carbon-holder  is  suspended  by  a cord  and  descends 
through  a long  tubular  guide  attached  to  the 
armature.  The  cord  passes  over  a pulley  at  the 
top  and  is  wound  on  a drum  on  the  horizontal 
shaft.  There  is  no  toothed  gearing.  The  carbon- 
holder  is  formed  of  a split  nozzle  forced,  by  a 
weight,  into  a conical  mouthpiece. 

4,824.— C.  H.  Carus-Wilson,  London.  Electric 
Current  Meters.  Gd.  (7  figs.)  Novembers. 

CtiREEXT  Meter. — The  object  of  this  invention 
is  to  register  the  amount  of  electricity  which  passes 
through  a wire  or  conductor.  It  consists  mainly 
of  a peculiar  method  of  obtaining  a variable  rota- 
tion of  one  shaft  from  another  shaft  rotating  with  a 
constant  angular  velocity  ; and,  secondly,  of  means 
by  which  the  piece  connecting  the  one  shaft  with 
the  other  is  moved  in  accordance  with  variations  in 
the  current  to  be  measured.  If  the  pulley  A be 
driven  at  a uniform  velocity  from  an  external  source, 
and  if  the  pulley  A>  be  driven  from  it  by  the  inter- 
mediate friction  pulley  C,  it  follows  that  if  the 
angular  position  of  the  pulley  C be  varied  accord- 
ing to  the  intensity  of  the  current,  the  revolutions 
of  Ai  will  be  a measure  of  the  current.  The  varia- 
tions of  the  position  of  C can  be  effected  in  many 
ways.  According  to  one  its  journals  run  in  a 
fork  connected  to  an  electric  dynamometer,  which 
turns  it  in  one  direction  or  the  other.  Another 
method  for  moving  the  wheel  C is  partly  illus- 
trated in  Fig.  2,  “ and  is  specially  important 
as  it  enables  a meter  to  be  made  which  practi- 


cally measures  the  amount  of  resistance  in  any 
circuit  so  that  the  sum  is  not  affected  by  varia- 
tion in  the  electromotive  force  in  the  mains.” 
A A,  B B represent  the  two  mains  from  the  genera- 
ting machine  ; T is  a small  resistance,  a fraction 
of  an  ohm  ; N is  the  resistance  in  the  circuit,  con- 
sisting of  a certain  number  of  lamps;  (!  is  a gal- 
vanometer joined  up  with  resistances  T and  X,  and 
two  other  resistances  7)i  and  7i,  so  as  to  form  a 
Wlieatstone’s  bridge  ; a is  an  electro-magnet  in 
tlic  main  circuit,  and  directly  any  current  passes 
through  X the  lever  h is  attracted  and  strikes 
against  the  stop  e,  thereby  putting  »,  ni,  and  (I  in 
circuit  between  A A and  B B.  When  the  galvano- 
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meter  is  in  equilibrium  n must  be  the  same  function 
of  X tliat  VI  is  of  T ; n is  constructed  in  the  form 
of  a box  of  resistanees,  and  automatic  appliances 
arc  provided  for  putting  these  resistances  in  and 
out  of  circuit.  When  the  needle  of  the  galvano- 
meter moves  to  either  side  it  acts  as  a relay,  and 
puts  a motor  in  operation  which  alters  the  resis- 
tance in  n until  the  needle  returns  to  zero,  and  at 
the  same  time  moves  the  wheel  C (Fig.  1)  to  cause 
the  meter  to  give  indications  corresponding  to  the 
current. 

4,825.— C.  H.  Carus-Wilson,  London.  Regu- 
lating Dynamo  - Electric  Machines,  &c. 
6d.  (7  figs.)  November  3. 

CuRiiEXT  Regulator. — The  objects  of  this  inven- 
tion are,  firstly,  to  provide  a regulator  for  dynamo- 
electric  generators  to  proportion  the  supply  of  current 
to  the  demand  ; secondly,  to  prevent  the  current  ex- 
ceeding a given  maximum  ; and,  thirdly,  to  provide 
a governor  for  electric  motors  to  limit  their  velocity. 
Under  the  first  head  a centrifugal  governor  is  driven 
by  an  electro-motor  arranged  as  a shunt  between 
the  main  leads.  When  the  arms  of  the  governor 
lise  above  a detennined  position  it  short-circuits  a 
portion  of  the  convolutions  of  the  field  magnet  coils 
of  the  generator  to  be  controlled.  The  illustration 
shows  another  method  of  accomplishing  the  same 
result.  The  shaft  a is  driven  by  the  motor  and 
rotates  the  two  bevel  wheels  h in  opposite  direc- 


tions. Each  of  these  carries  a clutch  on  its  inner 
side,  which  usually  is  free  of  the  double  clutch  Ic, 
fast  on  the  shaft  h.  In  the  field  magnet  circuit  of 
the  generator  there  is  included  the  carbon  rod  I and 
the  mercury  bath  vi.  When  the  governgr  com- 
mences to  rise  it  first  lifts  the  carbon  rod  partly  out 
of  the  mercury,  and  thus  increases  the  resistance 
of  the  circuit.  Should  it  rise  still  further  it  will 
put  the  clutch  on  h in  gear  with  the  clutch  A',  when 
the  shaft  h will  be  rotated,  and  the  nut  n will  be 
raised  by  the  screw.  The  lever  j>  q is  connected  at 


its  other  end  to  a system  of  resistances  in  the  mag- 
net circuit  ; thus  a great  increase  of  electromotiv'c 
force  wilt  cause  tlie  insertion  of  permanent  resis- 
tances, while  small  variations  will  be  compensateil 
for  by  the  carbon  rod.  The  lever  p q may  also  be 
attached  to  the  throttle  valv'e  of  the  steam  engine 
to  control  its  position.  If  it  be  necessary  to 
vary  the  electromotive  force  in  the  system  at 
will,  change  gear  or  cone  pulleys  are  interposed 
between  the  motor  and  the  shaft  a,  so  that  the 
speed  of  the  governor  may  be  varied.  The  same 
effect  may  be  produced  by  including  a set  of  re- 
sistances, variable  Ijy  hand,  in  the  magnet  circuit 
of  the  motor.  To  prevent  the  speed  of  an  electro- 
motor rising  above  a determined  maximum  it  is 
caused  to  drive  a governor  that  wall  short-circuit 
its  terminals  when  a given  velocity  is  attained.  If 
it  be  desirable  that  the  maximum  shall  be  variable 
at  will  the  governor  is  driven  by  a pair  of  speed 
cones  and  an  intermediate  friction  wheel,  as  illus- 
trated in  the  preceding  abridgment. 

4.850.  — C.  J.  Allport,  London,  and  R.  Punshon, 
Brighton.  Carbons  for  Electric  Lighting. 
2d.  November  5. 

INCANDE.SCEXCE  Lamps. — The  filaments  of  incan- 
descence lamps  are  prepared,  according  to  this 
invention,  by  soaking  a thread  or  fibre  of  asbestos 
in  a solution  of  sugar  or  syrup,  and  carbonising  it. 
The  process  is  repeated  until  the  required  amount 
of  carbon  is  deposited  on  the  thread. 

Carbons. — Asbestos  may  also  be  used  as  a bind- 
ing agent  in  conjunction  with  carbon  pencils  to 
prevent  disintegration. 

4.851.  — D.  T.  Piot,  London.  Electromotive 
Engines.  8d.  (9  figs.)  Novembers. 

Motor. — The  cores  of  the  fixed  field  magnet 
coils  E are  bent  down  to  form  long  radial  polar 
extensions  a.  The  cores  of  the  armature  coils  C 
are  also  bent  down  to  form  the  extensions  b,  rotat- 
ing in  close  proximity  to  a.  The  distribution  of 


the  current  is  effected  by  a commutator  composed 
of  segmental  plates  running  under  rollers  connected 
to  the  generative  source.  The  handle  ]'>  serves  to 
adjust  the  rollers  so  that  the  rotation  of  the  arma- 
ture may  be  stopped  or  its  direction  reversed. 
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*4,854. — J.  B.  Rogers,  London.  Production, 
Storage,  and  Utilisation  of  Electricity 
for  Lighting  or  Power  Purposes.  2d. 
November  5. 

Secondary  B.vtteries. — The  current  produced 
by  any  suitaV)le  generator  is  stored  in  secondary 
batteries.  These  are  composed  of  a rectangular 
box  open  at  its  top  and  containing  a similar  shaped 
box  whose  open  side  is  lowermost.  The  inner  box 
is  provided  with  racks  having  sheet  lead  arranged 
in  zig-zag  order  between  them.  The  outer  box 
contains  an  acidulated  liquid. 

4,855.  — J.  B.  Rogers,  London.  Electric 
Lamps.  6d.  (10  figs.)  Novembers. 

Semi-Incandescence  Lamp. — This  invention 
consists  in  (1)  ai’ranging  carbons  so  that  the  arc  or 
incandescence  light  can  be  produced  in  the  same 
lamp,  and  by  the  same  carbons,  at  will,  by  a 
simple  movement ; (2)  a lainji  with  two  separate 
carbons,  adjustable  by  weights,  in  contact  ■with  a 
refractory  body  ; (3)  a special  method  of  making 
and  breaking  the  circuit  of  suspended  lamps  with 


adjustable  fittings,  so  as  to  dispense  with  hanging 
wires ; (4)  fitting  three  carbons,  twm  to  a lower 
frame  and  one  in  an  upper  frame  resting  upon  the 
two  lower  ones,  and  capable  of  being  shifted  to 
one  or  the  other,  or  on  to  both.  Figs.  1 and  2 
illustrate  the  first  part  of  this  invention.  The 
lower  carbon  is  made  with  a central  core  B of 
refractory  material  and  has  an  upward  motion 
under  the  action  of  a W'eight  through  the  cords  D 
and  pulleys  E.  The  upper  carbon  G is  carried  by 
an  arm  H,  free  to  move  on  a pillar  I,  so  that  an 
arc  or  incandescence  light  is  produced  accordingly 
as  it  rests  on  the  central  core  or  edge  of  the  lower 
carbon  respectively.  In  the  second  part  of  this 
invention  a movable  lower  frame  carries  a carbon 
rod  and  a strip  of  refractory  material,  which  are 
made  to  abut  against  an  upper  rod  of  refractory 
material  and  carbon  respectively.  'Lhe  rods  arc 
parallel  and  near  to  each  other.  The  arc  is  es- 


tablished by  means  of  a metallic  bar,  which  is 
pushed  across  so  as  to  touch  both  carbons.  In 
carrying  out  the  third  head  it  is  proposed  to  fix 
contact  buttons  to  the  ceiling  in  the  case  of  pendent 
fittings,  so  that  as  the  lamp  is  lowered  the  circuit 
is  broken.  With  brackets  the  make  and  break  is 
established  by  a sliding  action.  Fig.  3 shows  a 
lamp  constructed  in  accordance  with  the  fourth 
part  of  this  invention.  T^wo  carbons  V V are 
fixed  in  the  upper  frame  W,  and  one,  X,  in  the 
lower  frame  Y in  the  position  shown.  Each  upper 
carbon  can  be  moved  to  right  or  left  by  means  of 
the  screwed  rods  Z,  so  as  to  produce  an  arc  or 
incandescence  light,  as  described  with  reference 
to  Figs.  1 and  2.  The  upper  carbons  V V may  be 
connected  to  opposite  poles  so  as  to  produce  light 
between  themselves,  the  requisite  motions  being 
obtained  by  means  of  weights.  A lamp  on  this 
principle  with  upright  as  well  as  inverted  carbons 
is  described  and  illustrated. 

*4,885. — W.  C.  Johnson  and  S.  E.  Phillips, 
London.  Insulating  and  Protecting  Under- 
ground Electric  Lighting  Wires,  &c.  2d. 

November  8. 

Conductors. — Each  strand  is  separately  insu- 
lated by  dried  fibrous  material,  several  layers 
being  put  on  in  opposite  directions.  The  mains 
are  carried  in  continuous  iron  pipes,  and  suitable 
junction  boxes  are  provided  for  the  branches, 
which  pass  through  stuffing-boxes  in  the  lids.  The 
pipes  and  boxes  before  being  laid  are  heated  and 
then  plunged  into  oil,  and  are  subsequently  occa- 
sionally flushed  with  oil. 

4,939. — A.  F.  St.  George,  London.  Apparatus 
for  Producing  Light  by  Means  of  Elec- 
tricity. fid.  (1  fig.)  November  11. 

Incandescence  Lamps. — To  render  the  usual 
exhausted  globe  unnecessary,  the  carbon  filament 
a is  embedded  in  a composition  h consisting  of 
powdered  flint  mixed  uith  silicate  of  sodium,  or 
other  metallic  silicate  or  silicic,  and  sufficient 


glycerine  to  form  a paste.  The  enclosing  tube  c is 
made  from  powdered  flint  and  water,  vitrified  in  a 
furnace  upon, a cylindrical  core.  Powdered  carbon 
or  metal  may  be  mixed  -H-ith  the  composition  a. 
When  a metallic  filament  is  used  it  may  be  sealed 
directly  into  a block  of  glass. 

4,942. — S.  Pitt,  Sutton,  Surrey.  (L.  Gaulanl and 
J.  1).  Oibbs,  rari».)  Applying  Electric 
Currents  in  the  Production  of  Light,  &c. 
fid.  (I  fig.)  November  11. 


Al)st)’ac(s  of  Patents. — 1881. 


CCXXlll 


Incandhsce.vck  — The  iiiventoi's  explain 

the  fact  of  incamloscence  lamps  giving  a mnch  loss 
I'eturn  in  light  for  the  power  expended  in  the  gene- 
rator by  suggesting  that  dynamo-electric  generators 
produce  a “ (juantity  of  electricity  determined  by  the 
volume  of  the  inducing  wire,  and  under  a tension 
dependent  on  the  resistance  of  this  inductor,”  and 
that  “ the  arc  lamp  utilises  both  the  quantity  of 
electricity  and  its  tension,  whilst  the  incandescence 
lamp,  on  the  contrary,  transforms  into  light  only 


the  volume  of  the  current  produced.”  The  lamp 
illustrated  herewith  is  intended  to  avoid  this  diffi- 
culty. A carbon  thread  k,  the  extremities  of  which 
have  been  previously  coppered,  is  “ rendered  incan- 
descent by  the  quantity  of  the  current  of  the  circuit 
with  which  it  is  connected.”  Two  insulated 
platinum  conductors,  terminating  in  small  spheres, 
are  placed  parallel  to  and  in  a plane  at  right  angles 
to  that  of  the  wires  kk,  their  extremities  facing 
each  other.  The  conductors  receive  the  current  of 
a Ruhinkorf  bobbin  placed  upon  the  circuit  c.  “ In 
these  conditions  the  static  charge  only  of  the  con- 
ductor c acting  by  influence  upon  the  fine  wire  of 
the  bobbin  will  determine  in  the  latter  an  induced 
current,  which  in  the  form  of  a spark  will  manifest 
itself  at  0 concurrently  with  the  incandescence  ; 
thus  the  total  quantity  of  electricity  produced  by 
the  generator  is  utilised.” 

4,948. — G.  G.  Andre,  Dorking.  Electric  Lamps. 

Is.  (17  figs.)  November  11. 

Arc  Lamp. — In  this  lamp  the  feed  current  is 
separate  from,  and  may  be  independent  of,  the 
main  or  lighting  current,  and  is  only  momen- 
tarily established  at  intervals  ; and  although  the 
feed  current  is  sent  into  the  lamp  at  certain  inter- 
vals, it  has  no  effect  on  the  feed  mechanism  till 
the  automatic  action  of  the  lamp,  dependent  on 
the  length  of  the  arc,  makes  the  necessary  con- 
nections ; no  two  lamps  on  the  same  circuit  neces- 
sarily feed  at  the  same  time.  Referring  to  the 
illustration,  when  the  lamp  current  is  turned  on 
the  arc  is  established  by  the  electro-magnet  E, 
which  is  in  the  main  circuit,  the  current  flowing  to 
the  lower  carbon  through  the  rollers  O'*.  When 
the  rod  is  drawn  down,  the  ring  is  caused  to 
grip  the  holder  F and  raise  it.  As  the  arc  lengthens 
the  resistance  in  the  main  circuit  is  increased,  and 


a greater  proportion  of  the  current  passes  througli 
the  shunt  circuit  on  the  feed  controlling  magnet, 
which  is  situated  in  the  base  of  the  lamp,  and  is 
not  sliown  in  tlie  figures.  The  armature  of  this 


magnet  acts  as  a relay,  and  when  attracted  it  sets 
the  connections  in  such  a way  that  when  the  periodic 
feed  current  arrives  it  passes  through  an  electro- 
magnet which  raises  the  lower  carbon  by  a step-by- 
step  action,  or  it  may  be  fed  up  as  described 
in  Patent  No.  ‘2,56.3  of  1881.  If  the  feed  current 
arrive  when  the  relay  is  set  the  opposite  way  no 
action  results.  An  electro-motor  in  the  engme- 
house  switches  on  the  periodic  current  at  frequent 
intervals  to  all  the  lamps  fed  from  that  centre.  In 
order  to  indicate  changes  in  the  intensity  of  the 
current  due  to  extinction  of  lamps  or  to  variation 
in  speed  of  the  generator,  an  indicator  is  put  in  the 
circuit.  This  consists  of  a semaphore,  which  is 
worked  by  a current  sent  into  it  by  a relay. 

4,966. — W.  R.  Lake,  London.  {J.  B.  Johnson, 
Boston,  Mass.,  U.S.A.)  Electrical  Signal- 
ling Apparatus  for  Railways.  Cd.  (1  fig.) 
November  12. 

Magneto  - Electric  Generator.  — Mechanism, 
put  in  motion  by  the  wheels  of  a passing  train, 
rotates  the  armature  of  a magneto-electric  generator, 
the  current  produced  serving  to  actuate  the  signals. 

*5,002. — S.  Vyle,  Middlesbrough,  Yorks.  Dy- 
namo-Electric Circuits.  2d.  November  15. 

Distributing  Currents. — In  lighting  systems 
the  usual  return  wire  is  dispensed  with,  and  the 
earth  employed  for  the  return  circuit. 

*5,006. — F.  Wright,  London,  and  F.  A.  Ormis- 
ton,  Twickenham,  Surrey.  Regulating  the 
Production  of  Electricity  by  Dynamo- 
Electric  Machines.  2d.  November  15. 
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Regulating  Currents. — A greater  or  less  re- 
sistance is  introduced  into  the  circuit  of  the  field 
magnets  by  the  action  of  a solenoid  on  a system 
of  I’ollers,  a spring  being  thereby  caused  to  move 
against  a surface  which  presents  contacts  in  connec- 
tion with  resistances. 

5,032. — S.  Brear  and  A.  Hudson,  Bradford. 
Apparatus  for  Working  Railway  Signals, 
&C.  Cd.  (7  figs.)  November  17. 

Generator. — A “generator”  is  used  to  supply 
cuiTcnt  to  an  accumulator  which  in  turn  transmits 
the  current  to  electro-magnets  forming  part  of  the 
signalling  mechanism. 

5,080. — R.  E.  B.  Crompton,  London.  Appa- 
ratus for  the  Conduction  and  Distribution 
of  Electric  Currents.  Gd.  (4figs.)  November 
21. 

Conductors.  — In  the  illustrations  A A are 
enamelled  copper  mains  or  conductors  placed  in  a 


ease  or  tube  and  run  in  with  purified  vitreous  fur- 
nace slag.  Connections  are  made  to  them  by  copper 
studs  that  are  brought  out  through  insulating 
bushes  in  the  lid.  The  ends  of  the  conductors  are 
jumped  up  and  screwed  and  united  by  screw 
couplings.  The  threads  on  the  adjoining  ends  of 
the  conductors  are  of  slightly  different  pitch,  so 
that  the  act  of  coupling  forces  them  into  good 
metallic  contact.  Fig.  2 is  a modification  suitable 
for  being  laid  under  foot-paths. 

5,096. — W.  R.  Lake,  London.  (F.  Blake,  iren/o?/, 
Mass.,  U.S.A.)  Electrical  Commutators. 
6d.  (2  figs.)  November  22. 

CoMMUT.\TOR. — This  is  an  instrument  for  connect- 


ing up  electrical  circuits,  such,  for  instance,  as  the 
wires  running  into  a telephone  excliange,  in  any 
desired  order.  Each  of  the  plates  1 — 24  is  con- 
nected to  a separate  line  wire.  The  plates  A,  B, 
C,  D,  E are  coupling  plates,  and  are  separated  from 
each  other  by  insulating  material.  Supposing  it 
be  desired  to  couple  lines  1 and  4,  a metal  peg  with 
two  collars  is  inserted  in  each  of  the  plates  1 and  4. 
The  uppei-  collar  fits  and  makes  contact  with  the 
numbered  plates,  while  the  lower  collar  fits  the 
hole  in  the  plate  B.  The  current  now  goes  from 
plate  1 through  peg  B to  plate  B,  and  through  the 
second  peg  B to  the  plate  4.  Similarly  2 and  5 
may  be  coupled  through  plate  E,  and  so  on. 

5,104. — A.  M.  Clark,  London.  (G.  Fournier, 
Paris.)  Electric  Batteries.  4d.  Novem- 
ber 22. 

Secondary  Batterie.s. — This  invention  relates 
to  employing  in  secondary  batteries  a mixture  of 
glycerine  or  glyceric  acid,  and  of  metallic  oxides 
capable  of  forming  therewith  a solid  compound  in- 
soluble in  water.  In  carrying  out  the  invention 
lead  oxide,  for  example,  is  taken  in  powder  and 
mixed  with  glycerine.  The  paste  is  run  into  moulds 
and  allowed  to  set,  and  the  solid  plates  produced 
are  employed  as  one  of  the  elements  of  a battery. 
When  the  other  element  is  zinc  the  hydrogen 
reduces  the  lead  as  fast  as  it  is  evolved,  and  no 
polarisation  is  set  up.  Greater  effect  may  be 
obtained  by  the  addition  to  the  mixture  of  per- 
oxides. A plate,  composed  of  glycerine,  lead  oxide, 
and  lead  pero.xide,  plunged  in  a dilute  solution  of 
sulphuric  acid  containing  a plate  of  copper,  con- 
stitutes a cell  in  which  the  acid  attacks  the  copper 
and  the  hydrogen  reduces  the  oxide.  If  a current 
be  sent  through  the  cell  after  the  acid  is  exhausted, 
the  elements  will  be  returned  to  their  original  com- 
binations. A secondary  battery  may  have  one 
plate  of  oxide,  peroxide,  and  glycerine,  and  the 
other  of  lead  oxide,  metallic  lead  in  powder,  and 
glycerine. 

5,159. — R.  E.  B.  Crompton,  London,  and  D.  G. 

Fitzgerald,  Brixton.  Galvanic  Batteries. 

4d.  November  25. 

Secondary  B.vtterie.s. — This  invention  relates, 
firstly,  to  the  method  of  obtaining  in  an  electrode 
a porous  structure,  offering  large  surface,  by  the 
removal  through  solution,  chemical  action,  or  heat, 
of  a component  originally  brought  into  a condition 
of  intimate  admixture  or  combination  with  the  per- 
manent component  of  the  electrode.  Secondly,  to 
the  preparation  of  porous  electrodes  by  the  removal, 
through  electrolysis,  of  sodium,  potassium,  zinc, 
cadmium,  iron,  antimony,  copiicr,  or  silver  from 
mixtures  or  alloys  of  one  or  more  of  these  metals 
M'ith  lead.  Thirdly,  the  construction  of  electrodes 
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by  the  compression  of  mixtures  containing  lead  in  a 
subdivided  state,  together  with  a component  or  com- 
ponents to  be  removed  by  solution  or  otherwise. 

6, 185.— E.  G.  Brewer,  London.  (A.  Q.  Water- 
house,  iVero  York,  U.S.A.)  Electric  Lamps. 
Is.  (33  figs.)  November  28. 

Akc  Lamp. — In  the  illustrations,  Fig.  1 is  an 
elevation  of  the  regulating  mechanism  of  the  lamp  ; 
Fig.  2 is  a plan  ; and  Fig.  3 is  a separate  view  of 
the  clutch,  which  is  of  the  Brush  type.  B is  the 
carbon-holder,  passing  between  the  two  horizontal 
magnets  E H,  of  which  E is  in  a shunt  circuit 
and  H in  the  main  circuit.  The  magnet  E has 
pole-pieces  G outside  the  carrying  brackets  D ; 
the  core  of  the  magnet  H is  carried  on  pivots  I,  and 
is  free  to  rotate  about  its  axis.  It  has  pole-pieces 
K which  extend  towards  G.  The  power  of  the 
magnet  H is  normally  so  great  that  by  induction  it 
can  overcome  the  polarity  of  E,  which  is  opposed 
to  it,  and  the  two  sets  of  pole-pieces  are  mutually 
attracted.  When  the  arc  lengthens,  however,  this 
preponderance  is  lessened,  and  the  pieces  K fall, 
and  in  so  doing  actuate  the  feed  mechanism.  As 
shown  in  the  drawings  this  consists  of  a clip,  or 


clamp,  through  which  the  holder  passes  freely  when 
it  is  nearly  horizontal,  but  which  grips  the  holder 
when  it  is  raised  into  an  inclined  position.  To 
render  the  grip  more  certain  the  clip  carries  a 
number  of  steel  plates,  each  of  which  is  perforated 
to  obtain  a separate  hold.  Fig.  4 shows  a modifica- 
tion of  the  controlling  magnet,  in  which  one  mov- 
able pole-piece  only  is  employed ; it  is  supported 
on  pivots,  of  which  one  is  carried  in  a bracket  S of 
non-magnetic  material.  Fig.  5 is  a second  modifica- 
tion. A is  a cylinder  of  iron  upon  which  the  main 
circuit  coils  are  wound,  and  which  is  provided  with 
pole-pieces  at  B.  C is  an  iron  core  pivotted  on  its 
longitudinal  axis,  and  wound  with  shunt  circuit 
coils.  It  has  polar  extensions  D.  When  no  current 
is  passing,  the  poles  D are  held  away  from  the  poles 
B by  suitable  devices,  but  when  the  circuit  is  com- 


plete the  action  is  similar  to  that  already  described 
with  reference  to  Fig.  1.  A shunting  appliance  is 
provided  which  cuts  the  lamp  out  of  circuit  if  the 
current  cease,  and  cuts  the  arc  out  of  circuit  if  the 
fine  coils  cease  to  act.  The  spring  R (Fig.  1 ) is 
connected  to  the  negative  terminal,  and  its  free 
end  is  controlled  by  the  link  0.  If  it  be  greatly 
depressed  it  forms  a direct  connection  between  the 
two  terminals  1 and  2,  while  if  it  be  raised  beyond 
a certain  point  it  forms  a short  circuit  from  the  end 
of  the  main  coil  to  the  terminal  2.  The  next  part 
of  the  invention  consists  of  a combination  with  a 
carbon-holding  rod,  fed  by  gravity  or  by  other 
means,  of  two  controlling  clutches,  so  arranged  that 
the  rod  is  at  all  times  positively  engaged  by  one  or 
other  of  them,  to  the  end  that  over-feeding  may  be 
prevented.  In  practice,  two  clutches  are  provided, 
both  operated  by  the  controlling  magnet,  and  one 
is  arranged  so  as  to  clamp  and  tend  to  lift  the 
carbon  rod  when  the  strength  of  the  magnet  in- 
creases, while  the  other  is  set  to  engage  with  the 
rod,  and  by  a connection  with  suitable  mechanism 
to  retard  its  downward  movement  whenever  the 
magnet  releases  the  first  clutch.  Three  pieces  of 
apparatus  for  carrying  out  the  invention  are  illus- 
trated. In  the  first  two  the  retarding  appa- 
ratus is  a dash-pot,  and  in  the  third  a fly.  To 
enable  two  sets  of  carbons  to  be  used  in  the  same 
lamp,  it  is  proposed  to  support  the  two  clutches, 
which  engage  with  the  separate  carbon-holders,  at 
opposite  ends  of  a lever  pivotted  at  one  side  of  its 
centre,  and  itself  supported  and  moved  upwards 
and  downwards  bodily  by  the  regulating  electro- 
magnet. In  the  operation  of  this  device,  the  clutch 
whose  end  is  supported  by  the  longer  end  of  the 
lever,  will  overbalance  the  clutch  at  the  shorter 
end  of  the  lever,  raising  it,  and  with  it  the  carbon 
rod,  so  as  to  keep  the  electrodes  separated.  The 
clutch  at  the  longer  end  works  in  the  usual  way. 
Should  the  acting  carbon  rod  stick,  its  weight  will 
be  taken  off  the  lever,  and  then  the  opposite 
carbon-holder  will  tilt  the  lever,  and  its  clutch 
will  be  put  in  operation.  The  invention  further 
refers  to  devices  to  be  employed  in  place  of  a 
clamp  for  allowing  a retarded  feed  of  the  carbon- 
supporting rod  or  carrier.  Many  forms  of  aj>paratus 
are  illustrated.  They  are  (l)two  kinds  of  verge 
escapement ; (2)  balance  escapement ; (3)  escape- 
ment and  dash-pot ; (4)  verge  wheel  and  pallet  ; 
(5)  escapement  and  paddle  ; (6)  ball  governor  ; (7) 
a variable  pendulum.  Several  forms  of  carbon 
clamps  are  described.  The  first  is  tightened  by  a 
wedge.  In  the  second  two  jaws  are  nipped  to  the 
carbon  by  a screw  ; the  third  is  provided  with 
devices  to  prevent  the  rod  from  turning  about  its 
axis,  but  at  the  same  time  to  allow  it  to  move 
bodily  in  any  direction  so  as  to  permit  of  proper 
setting  of  the  carbons. 
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5,198. — C.  H.  W.  Biggs  and  W.  W,  Beaumont, 
London.  Secondary  Batteries  for  the  Pro- 
duction, &c.,  of  Electric  Currents.  6d. 
(7  figs.)  November  28. 

Secondary  Batteries. — In  the  usual  form  of 
secondary  batteries  the  products  of  electric  decom- 
position appearing  at  the  poles  are  collected  and 
retained  in  the  charged  battery  itself,  but  accord- 
ing to  this  invention  these  products  are  collected  in 
separate  receivers,  and  are  recombined  as  required. 
Instead  of  obtaining  the  hydrogen  by  electrolysis 
it  may  be  generated  by  chemical  means,  and,  in 
some  cases,  the  oxygen  may  be  prepared  as  peroxide 


of  lead  in  a similar  way.  Referring  to  the  illustra- 
tion, A is  a vessel  containing  the  electrodes  N N', 
and  connected  to  the  holder  D,  into  which  any 
excess  of  hydrogen  evolved  during  the  charging  of 
the  battery  is  conveyed.  A pipe  I conveys  the  col- 
lected hydrogen  into  chambers  formed  in  the  porous 
lead  electrodes  ; and  a coil,  heated  by  a gas  jet,  is 
provided  to  intensify  the  action  of  the  gas  when 
required.  The  pipe  G maintains  a constant  head 
of  water  in  the  receiver  D.  The  electrodes  are 
made  from  finely  divided  lead,  preferably  that  ob- 
tained by  reducing  sugar  of  lead  with  zinc,  placed 
in  a suitable  mould,  and  caused  to  cohere  by  pressure. 

5,216. — J.  E.  Liardet  and  T.  Donnithorne,  Lon- 
don. Hydraulic  Motors,  &c.  8d.  (12  figs.) 
November  29. 

Electric  Light. — This  invention  relates  to  the 
use  of  “ spiral  hydraulic  motors  ” specially  adapted 
for  driving  generators  for  “ the  production  of  elec- 
tricity to  be  used  in  the  electric  light.” 

5,226. — A.  W.  Brewtnall,  London.  Joining 
Branch  to  Main  Conducting  Wires  for 
Electrical  Purposes,  &c.  6d.  (11  figs.) 

November  29. 

Conductors. — The  coupling,  as  shown  in  Fig.  I, 
consists  of  a hook-shaped  jaw  to  receive  the  main 
wire  c,  having  a hole  «,  intei’secting  the  jaw,  for 
the  insertion  of  the  branch  wire,  which  is  pressed 
into  contact  with  the  main  by  the  screw  d.  Fig,  2 
shows  a coupling  in  which  the  branch  wire  is  in- 


i  sulated,  the  connection  to  it  being  made  by  the 


' fusible  wire  h,  which  is  melted  when  the  current 
I exceeds  a determined  amount. 

*5,229. — W.  R.  Lake,  London.  (J.  S.  Williarm, 
Riverton,  New  Jersey,  U.S.A.)  Utilisation 
of  Electricity  for  Lighting,  &c.  4d.  No- 

vember 30. 

Incandescence  Lamps. — “The  electric  current 
is  caused  to  pass  through  pulverised  or  granu- 
' lated  particles  of  conducting  materials,”  prefer- 
ably carbon.  The  material  is  enclosed  “in  a trans- 
parent tube  or  case  ” which  may  be  sealed  and  ex- 
hausted. In  order  to  compensate  for  the  waste  of 
material,  a reservoir  is  provided,  from  which  “ the 
\ supply  is  constant,  so  that  there  cannot  take  place 
an  interruption  of  the  light.”  In  a second  lamp  a 
' liquid  conductor  is  used.  For  distributing  heat 
a conductor,  contained  in  an  exhausted  vessel,  is 
placed  in  a second  vessel  through  which  a circu- 
lation of  water  is  maintained. 

I 

I 5,233. — W.  R.  Lake,  London.  (/.  S.  Williams, 
j Riverton,  New  Jersey,  U.S.A.)  Utilisation 

of  Electricity  for  Lighting,  &c.  Is.  (72figs.) 
j November  30. 

Incandescence  Lamps. — This  invention  relates 
, to  tlie  utilisation  of  electricity  for  lighting  and 
! heating,  and  consists,  firstly,  in  the  construction 
[ of  a lamp  as  illustrated  in  Fig.  1,  in  which  there 
is  shown  a conductor  having  its  two  main  portions 
connected  by  a series  of  transverse  filaments,  which 
form  so  many  passages  for  the  current.  The  ends 
j of  the  main  parts  of  the  filaments  are  held  between 
I spring  clamps  of  metal.  In  a modified  lamp  the 
I bars  ft’  are  arranged  vertically.  Secondly,  a num- 
ber of  independent  filaments  are  included  in  one 
globe,  and  are  furnished  with  contact  pieces  operated 
by  hand,  so  that  one  or  more  may  be  placed  in 
I circuit  at  one  time.  Thirdly,  a number  of  platino- 
iridium  wires  are  arranged  in  an  exhausted  globe, 
upon  a form,  by  w'hich  they  are  bent  into  a balloon- 
like, fan-like,  or  other  shape.  Fourthly,  an  incan- 
descing filament  is  made  of  a number  of  thin  lamina' 
laid  together  to  the  end  that  a rupture  may  not 
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extcml  across  the  whole  of  them.  Fifthly,  the 
liylit-omitting  carbon  is  encased  within  a hollow 
piece  of  glass  and  surmounted  by  a reflector  p 
(Fig.  2).  Numerous  modifications  of  this  idea  are 
described  and  illustrated.  Si.xthly,  the  invention 


Fig.  1 

relates  to  apparatus  wherein  the  electric  current 
is  caused  to  develop  heat.  Many  methods  of  apply- 
ing this  are  illustrated,  in  which  are  employed  terra- 
cotta, water,  and  air  for  the  diffusing  media,  the 
temperature  being  controlled  by  hand,  or  by  the 
expansion  of  fluids  or  metals. 

5,261. — H.  E.  Newton,  London.  (E.  Volckmar, 
Paris.)  Secondary  Batteries.  6d.  (2  figs.) 
December!. 

Secondary  Batteries. — A certain  number  of 
secondary  couples  are  arranged  in  a single  gas-tight 
vessel  horizontally  one  above  the  other.  There  are 
as  many  elements  as  there  are  plates,  less  one,  each 
plate  being  at  the  same  time  the  positive  electrode 
of  one  couple  and  the  negative  electrode  of  the 
following  couple,  with  the  exception  of  the  first  and 
last  plates,  which  form  the  poles  of  the  battery. 
The  plates  are  charged  in  the  usual  way  with 
spongy  lead  or  equivalent  material,  and  are  im- 


mersed in  the  exciting  liquid  in  a vessel  capable  of 
being  turned  over  to  reverse  the  positions  of  the 
plates.  Under  the  influence  of  the  charging  cur- 
rent the  positive  electrode  of  a secondary  battery 
disengages  hydrogen,  which  is  carried  to  the  ne- 
gative electrode,  the  negative  electrode  disengaging 
oxygen,  which  stores  itself  at  the  positive  electrode. 
In  discharging,  the  operations  are  reversed.  In  a 
battery  arranged  as  in  Fig.  1,  the  hydrogen  dis- 
engaged from  the  positive  electrode  will  rise  to  the 


negative  element,  while  the  oxygen  will  descend 
from  the  negative  to  the  positive  in  accordance 
with  the  law  of  densities.  If,  now,  the  battery  be 
turned  upside  down,  as  in  Fig.  2,  and  the  charged 
battery  be  set  to  work,  the  gases  will  still  flow  in 
their  natural  direction. 

6,272. — W.  F.  King  and  A.  B.  Brown,  Edinburgh. 

Electric  Lamps.  6d.  (3  figs.)  December  2. 

Arc  Lamp. — The  upper  carbon-holder  9 is  con- 
nected to  the  rod  of  a piston  14,  which  works  in  a 
cylinder  filled  with  oil.  There  is  an  external  pas- 
sage 15,  leading  from  the  lower  to  the  upper  end 
of  the  cylinder,  and  this  passage  is  controlled  by 
a valve  18.  The  weight  of  the  piston  and  carbon- 
holder  tends  to  force  the  liquid  through  this  passage 
when  the  position  of  the  valve  permits  it.  When 
the  valve  is  closed,  no  flow  can  take  place,  and  con- 


sequently the  upper  carbon -holder  cannot  move.  The 
valve  is  controlled  by  the  solenoid  core  19,  which  is 
moved  in  opposition  to  an  adjustable  sprmg.  When 
the  current  is  strong,  the  core  is  drawn  into  the  coil 
and  the  valve  closed,  but  when  the  arc  lengthens, 
and  the  current  diminishes,  the  spring  draws  back 
the  core  and  opens  the  valve.  29  and  30  are  two 
contact  pieces  connected  to  the  two  terminals  of 
the  lamp,  and  when  the  piece  28  is  drawn  against 
them  the  lamp  is  cut  out  of  circuit.  The  specifi- 
cation does  not  explain  how  the  arc  is  established. 

5,286. — A.  R.  Sennett,  Worthing.  Production 
of  Electric  Light,  &c.  6d.  (9  Figs.)  Decem- 
ber 3. 
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Incandescence  Lamps.— This  invention  relates 
to  the  manufacture  of  carbon  electrodes  and  fila- 
ments. These  are  made  by  reducing  cellulose  by 
mechanical  means  to  a state  of  fine  division,  and 
depositing  it  on  a permeable  diaphragm  by  with- 
drawing the  water  in  which  it  is  floating  from 
beneath  it.  The  film  is  raised  by  placing  a second 
diaphragm  above  it  and  exhausting  the  air  from 
the  back.  The  sheet  of  material  thus  obtained  is 
compressed  in  vacuo  between  steel  plates,  and  is 
then  stamped  into  the  required  forms  and  carbo- 
nised in  an  exhausted  chamber,  an  inert  gas  being 
injected  before  heat  is  applied.  The  ends  of  the 
conductors  are  suitably  enlarged  for  the  attachment 
of  the  platinum  connections,  and  sockets  are  formed 
in  an  inner  glass  shell  in  the  globe  of  the  lamp  to 
receive  the  enlargements.  The  invention  further 
relates  to  a mode  of  hastening  the  action  of  the 
mercury  pump,  by  employing  two  sets  of  reservoirs, 
so  arranged,  that  while  the  air  is  being  expelled 
from  one  set  it  is  expanding  into  the  other  set. 


5,295. — H.  E.  Newton,  London.  (A.  J.  Gravier, 
Paris.)  Mechanism  for  Regulating  the 
Feed  of  Electrodes  in  Electric  Lamps, 
fid.  (6  figs.)  Decembers. 

Arc  Lamps. — For  the  purpose  of  unlocking  the 
wheel  train  of  an  arc  lamp,  when  the  difference 
of  potential  at  the  two  terminals  exceeds  a given 
amount,  “ there  are  provided  two  bobbins  a b 
(Pig.  1),  two  soft  iron  cores  A B of  the  same  size 
and  weight,  a base  C,  and  an  armature  d.  The 
armature  is  very  short  and  light,  and  is  formed  of 
several  elements  placed  in  juxtaposition  .... 
and  soldered  together  with  tin  solder.”  Its  move- 
ment on  either  side  is  limited  by  small  screws  and  it 
is  fitted  with  a brass  spring  s.  “ The  bobbins  may 
be  placed  parallel  or  otherwise.  The  bobbin  a is 


wound  with  a fine  wire  of  certain  determined  resis- 
tance, comparatively  great.  The  bobbin  h carries 
a thicker  wire  of  small  resistance.  ” a is  in  a derived 
and  h in  the  main  circuit.  “At  Fig.  2 another 
form  of  differential  unlocking  electro-magnet  is 
shown.  It  is  composed  of  a bobbin  mounted  upon 
a soft  iron  core  and  wound  with  two  coils,  one  of 


thick  wire  and  the  other  of  thin,  these  being 
arranged  so  as  to  be  traversed  by  currents  in  opposite 
directions.”  Another  form  of  apparatus  includes  a 
Desprez  fish-bone  galvanometer,  acting  as  a relay, 
to  send  a current  into  an  unlocking  magnet.  The 
resistances  of  the  coils  and  the  tension  of  the 
spring  are  determined  mathematically,  and  it  is 
stated  that  “a  variation  of  less  than  .01  of  a weber 
will  suffice  to  produce  the  movement  of  the  arma- 
ture.” 

5,309. — J.  A.  Fleming,  Nottingham.  Prepara- 
tion of  Materials  for  Electric  Insulation. 
4d.  December  5. 

Insulating  Material. — Wood,  flour,  sawdust, 
bran,  straw,  cotton,  &c.,  are  taken  in  a finely 
divided  state,  and  after  desiccation  by  a current 
of  hot  air  are  mixed  with  paraffin  and  resin  and 
moulded  into  the  required  form  under  pressure. 

5,316. — R.  Laybourne,  Newport,  Mon.  Appa- 
ratus for  Lighting  Railway  Carriages,  &c., 
by  Electricity,  fid.  (fifigs.)  Decembers. 

Electric  Light. — An  electric  generator,  driven 
by  friction  or  belting  from  one  of  the  axles  of 
the  train,  supplies  current  to  a secondary  battery 
from  whieh  the  eurrent  passes  to  “ the  electric 
lamps  ” in  various  parts  of  the  train. 

*5,322. — J.  Imray,  London.  (J.  Carpenlier  and 
Dr.  0.  de  Pezzer,  Paris.)  Electric  Accumu- 
lators. 2d.  December  fi. 

Secondary  Batteries. — To  lighten  and  simplify 
the  accumulator,  the  negative  plate  is  made  very 
thin,  and  the  positive  plate  about  twice  the  thick- 
ness and  half  the  area  of  the  negative  plate,  each 
plate  consisting  of  several  blades  bent  double  and 
arranged  side  by  side  in  a porous  cell.  A number 
of  these  cells  are  placed  in  a water-tight  box  charged 
with  acidulated  water. 

5,338. — D.  G.  Fitzgerald,  C.  H.  W.  Biggs,  and 
W.  W.  Beaumont,  Loudon.  Secondary 
Batteries,  fid.  (9  figs.)  December  fi. 

Secondary  Batteries. — Porous  electrodes  are 
made  by  minutely  puncturing  one  or  both  sur- 
faces of  sheets  of  lead.  The  invention  also  relates 
to  the  manufacture  of  such  plates  by  minutely 
puncturing  both  their  surfaces,  then  treating  the 
plates  by  immersion  in  dilute  sulphuric  acid  in  a 
vessel  from  which  air  may  be  -withdrawn,  so  as  to 
produce  a deposit  of  lead  sulphate  on  them,  then 
rolling  tlie  plates  so  as  to  extend  their  surface  by 
reduction  of  thickness,  and  finally  repuncturing 
them.  These  porous  electrodes  may  be  made  by 
the  electro-deposition  of  lead  on  a fine  net  fabric, 
which  is  preferably  folded  to  make  up  any  required 
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thickness,  or  by  the  application  of  heat  and  pressure 
to  lead  granules,  with  or  without  ox^de  or  sulphate 
of  lead,  in  suitable  moulds,  or  they  may  be  con- 
structed from  fabrics  of  woven  lead  wire,  chemically 
treated,  folded,  and  pressed.  The  specification 
illustrates  a machine  in  which  a number  of  needles, 
suitably  held,  and  actuated  by  a crank  driven  in 
opposition  to  a spring,  are  used  to  puncture  the 
plates. 


5,354. — P.  Cardew,  Chatham.  Apparatus  for 
Indicating  the  Speed  of  Revolution  of 
Shafts.  6d.  (3  figs.)  December  7. 

Generator. — The  apparatus  consists  of  an  elec- 
tric generator  and  an  instrument  for  measuring  the 
intensity  and  direction  of  the  currents.  Figs.  1 
and  2 show  two  elevations  of  a magneto  generator 
with  a Siemens  armature,  and  Fig.  3 is  a diagram 
showing  the  general  arrangement.  The  currents 
are  sent  through  two  galvanometers,  one  in  the 


engine-room  and  one  on  the  bridge,  and  by  means 
of  resistances  the  indications  of  these  galvano- 
meters are  made  to  coincide  with  the  speed  of 
the  main  shaft.  When  it  is  not  desired  to  show 
the  direction  of  rotation,  alternating  currents  may 
be  used,  and  the  heating  effect  of  the  current  may 
be  employed  to  put  in  operation  a thermometric 
indicator. 


*5,367. — W.  R.  Lake,  London.  (H.  S.  Maxim, 
Brooklyn,  U.S.A.)  Machine  for  Coating 
Insulated  Electrical  Conductors  with  Lead. 
6d.  (3  figs. ) December  8. 

Conductors. — The  conductor  is  drawn  through 
a die  into  which  fluid  lead  is  pumped.  The  nozzle 
of  the  die  has  a water  jacket  to  partly  cool  the 
lead,  so  that  it  shall  require  a pressure  of  about 
5000  lb.  on  the  square  inch  to  force  it  forwards. 
The  water  valve,  and  the  supply  valve  of  the  fuel 
for  melting  the  lead,  are  controlled  by  a rod  subject 
to  the  pressure  in  the  cylinder. 

*5,368. — J.  D.  Mucklow  and  J.  B.  Spurge, 
London.  Photometer,  &C.  2d.  December  8. 


Photometer. — This  consists  of  a number  of  tubes 
closed  at  the  top  by  perforated  opaque  plates.  The 
bottom  of  each  tube  is  covered  by  a stencil  plate 
between  which  and  a cover  is  placed  the  film  to  be 
tested.  The  inventors  state  that  the  intensities  of 
different  lights  may  be  compared  with  this  instru- 
ment but  do  not  state  how. 

*5,396. — C.  F.  and  F.  H.  Varley,  London.  Elec- 
tric Lamps,  fid.  (14  figs.)  December  9. 

Arc  Lamp. — Fig.  1 shows  a general  view  of  the 
regulating  mechanism  and  part  of  the  upper  carbon. 
The  lower  carbon  is  carried  by  the  arm  E,  of  which 
Fig.  2 is  a separate  view.  Its  holder  is  made  to 
swivel  (Fig  3)  in  order  that  it  may  be  turned  out 
of  the  way  when  the  upper  electrode  is  inserted  in 
its  place.  The  motive  power  of  the  lamp  is  derived 
from  the  helical  spring  C,  which  is  forced  to  the 
upper  end  of  the  case  A by  the  insertion  of  the 
upper  carbon.  The  reflex  action  of  the  spring  is 
retarded  by  the  piston  0,  which  is  composed  of 


discs  of  felt  separated  by  layers  of  paper  and  pro- 
vided with  an  adjustable  air  valve  P.  The  felt  is 
turned  up  in  a lathe  by  a red-hot  tool  to  secure  a 
good  fit.  The  feed  mechanism  is  controlled  by  two 
solenoids  L L^,  the  former  in  a shunt  circuit  and  the 
latter  in  the  lamp  circuit.  The  solenoid  cores  K K'* 
are  connected  by  two  rods  J to  two  detent  arms  as 
shown.  These  arms  are  capable  of  engaging  with 
teeth  on  the  lower  rollers  D D.  There  are  two 
pairs  of  these  rollers,  between  which  the  upper 
carbon  passes,  and  they  are  supported  in  a frame. 
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which  can  rise  and  fall.  Each  pair,  considered 
vertically,  is  free  to  swivel  about  the  centre  R, 
and  also  to  move  bodily,  so  as  to  “enable  the 
carbon  to  move  in  any  direction,  and  consequently 
the  poles  of  the  carbon,  by  the  action  of  the  guide 
V (although  the  carbon  may  be  crooked)  are  always 
directed  to  the  right  spot.”  In  starting  the  lamp 
the  upper  carbon  is  passed  through  the  guide  V, 
then  between  the  two  pairs  of  rollers  D,  and  up 
the  case  A,  pushing  the  piston  and  spring  before  it. 
When  the  circuit  is  completed  through  the  second 
carbon  the  rod  K is  drawn  upwards  “forcing  the 
rod  downwards  until  the  regulation  arms  are 
forced  into  the  teeth  of  the  rollers  D D,  forcing 
them  back  and  carrying  along  with  them  the  car- 
bon rod  B,  establishing  the  arc.”  When  the  arc 
increases  in  length  the  coil  L balances  the  coil 
L‘,  and  drawing  up  its  core  withdraws  the  arms 
J J from  the  rollers.  The  carbon  then  slides  down 
until  again  checked  by  the  arms.  A modified 
form  of  lamp  has  two  cylinders  and  pistons,  one 
opposite  the  other,  each  with  rollers  and  detent 
arms.  The  rollers  are  constructed  to  give  the 
proper  proportionate  feeds  to  the  two  carbons.  The 
arc  is  enclosed  in  a globe  filled  with  carbonic 
anhydride,  or  carbonic  oxide,  or  hydrogen,  or 
nitrogen,  dried  in  its  passage  to  the  globe.  To 
direct  the  light  where  it  is  most  useful  small  para- 
bolic reflectors  are  employed,  or  rings  or  coils 
of  glass  of  prismatic  section,  coated  with  silver, 
platinum,  or  other  reflecting  metal.  In  place  of 
these,  surfaces  covered  with  bicarbonate  of  soda, 
sulphate  of  baryta,  or  other  crystalline  substance 
may  be  used.  If  the  carbons  be  saturated  with 
wax,  or  hydro-carbon,  their  combustion  will  be  re- 
tarded. The  same  effect  may  be  produced  by  con 
ducting  a jet  of  gas  into  the  arc  through  or  around 
one  of  the  electrodes,  as  in  Fig.  4. 

*5,400. — T.  Rowan,  London.  Electric  Light 
Lamps  or  Lanterns.  2d.  December  9. 

Reflectors. — A series  of  prismatic  reflectors  is 
used  to  diffuse  the  light. 

*5,407. — W.  Abbott  and  F.  Field,  London. 
M anufacture  of  Compounds  for  Electrical 
Insulation.  2d.  December  10. 

Conductors.  — The  conductor  is  first  covered 
with  a compound  of  ozokerit  and  india-rubber 
as  described  in  Patent  No.  1,938  of  1875,  and 
surrounded  with  a layer  of  india-rubber,  with 
which  an  excessive  quantity  of  sulphur  has  been 
incorporated  ; the  compound  covering  is  then  vul- 
canised. 

5,418.— J.  E.  Liardet  and  T.  Donnithorne, 
London.  Arrangement  of  Electrical  Ap- 
paratus on  Railway  Trains.  6d.  (5  figs.) 
December  10. 


Gener.\tors.  — Electric  generators  are  driven 
from  the  axle  of  one  or  more  of  the  vehicles,  and  the 
currents  produced  are  stored  in  secondary  batteries. 
Fig.  1 shows  one  method  of  driving.  The  axle 
carries  two  double  bevel  wheels  Qi,  driving  each 


two  vertical  shafts,  which  in  turn  drive  a hori- 
zontal shaft  B-.  From  this  shaft  belts  convey  the 
power  to  the  armature  of  the  generator.  In  Fig.  2 
the  transmitting  media  are  belts  and  pulleys. 
The  shaft  B-  is  canned  in  a swing  frame  which  can 
be  raised  and  lowered  by  the  cranked  lever  L,  so  as 
to  tighten  or  slacken  all  the  belts  simultaneously. 

5,451. — J.  Pitkin,  London.  Secondary  Batteries. 
6d.  (2  figs.)  December  13. 

Secondary  Batteries. — The  illustration  shows 
one  of  the  elements.  A is  an  open  frame  of  wood  ; 
B is  a mass  of  very  thin  shavings  or  turnings  of 
lead,  or  strips  or  pieces  of  lead  foil,  or  of  other 


very  thin  sheets  of  lead,  packed  into  the  frame  A, 
and  retained  therein  by  coverings  C C of  felt  or 
flannel  stretched  over  each  side  and  secured  by  the 
wooden  pegs  c.  The  terminals  are  formed  of  rods 
of  lead  D with  branches  as  shown. 

5,468.  — J.  Imray,  London.  (J.  M.  Stearns, 
Brooklyn,  U.S.A.)  Telegraph  or  Telephone 
Conductors.  4d.  (5  figs.)  December  14. 

Conductors.  — This  invention  relates  to  the 
combination  with  a number  of  grouped  insulated 
conductors  of  a metal  sheet,  folded  with  and  among 
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them,  so  as  to  interpose  itself  between  those  that 
are  adjacent  to  each  other.  This  sheet  is  connected 
to  earth  so  as  to  carry  off  induced  currents  and  to 
prevent  interferences  arising  from  induction.  Fig.  1 


shows  a number  of  conductors  arranged  in  a vertical 
plane,  as  along  a wall,  with  a sheet  of  metal  wound 
in  among  them.  Fig.  2 illustrates  the  invention 
applied  to  conductors  in  a pipe. 

6,477. — W.  R.  Lake,  London.  [C.  F.  cle  la 
Rochf,  Paris.)  Electric  Lamps.  6d.  (8  figs.) 
December  14. 

Arc  Lamp. — The  arc  is  developed  in  the  interior 
of  a chamber  or  space  in  a block  of  refractory 
material,  having  in  its  walls  openings  in  the 
form  of  a frustrum  of  a cone,  so  as  to  allow  the 
light  to  emerge  in  determined  directions.  The 
illustrations  are  sections  at  right  angles  to  each 
other  of  one  form  of  the  refractory  block  ; a a are 


two  pieces  of  compressed  magnesia  held  together 
by  screws  and  pierced  with  holes  for  the  admission 
of  the  electrodes.  The  conical  openings  are  closed 
by  plates  of  mica  h to  prevent  the  setting  up  of  air 
currents.  Other  forms  of  blocks  are  shown  in  the 
specification,  one  having  four  conical  openings,  and 
another  only  one  such  opening. 

5,481. — D.  G.  Fitz  Gerald,  London.  Secondary 
Batteries.  4d.  December  14. 

Secondary  Batteries. — Carbon  in  conjunction 
with  lead  is  used  for  the  electrodes.  The  carbon  is 
used  in  the  form  of  fragments  in  direct  contact 
with  each  other,  the  interstices  being  filled  with 
lead  in  a state  of  fine  division,  or  with  an  oxide  or 
sulphate  of  lead.  The  carbon  fragments  may  be 
first  impregnated  with  lead  by  immersing  them  in 
a solution  of  acetate  of  lead,  and  subsequently  re- 


ducing the  metal  either  by  heat  or  by  electrolysis. 
In  constructing  a cell  the  fragments  are  divided 
into  two  portions,  each  of  which  is  in  contact  with 
a plate  of  carbon,  the  two  portions  being  separated 
by  a porous  partition.  The  cells  are  built  up  in 
wooden  vessels  rendered  waterproof  and  coated 
internally  with  marine  glue,  the  electrolyte  being 
introduced  through  a glass  tube  cemented  into  the 
upper  part  of  the  wooden  vessel.  In  a modification 
the  carbon  and  lead  fragments  are  placed  within  a 
perforated  tube  of  carbon  or  lead,  the  perforations 
being  filled  or  covered  with  a porous  material. 

5,490. — W.  R.  Lake,  London.  (/.  A.  Moiulos, 
Netiilly,  France.)  Electric  Lamps,  fid. 
(fi  figs.)  December  15. 

Arc  Lamp. — Upon  a base-plate  there  is  fixed  a 
standard  B,  to  which  is  pivotted  a bent  lever  C, 
carrying  at  one  end  a counterweight  Q and  at  the 
other  end  a core  moving  within  the  solenoids  E E, 
which  are  on  a shunt  circuit.  The  lever  C is  con- 
nected to  the  tubular  carbon-holder  T,  within 
which  slides  the  carbon.  This  tube  carries  a 
bracket  H,  which  serves  as  the  fulcrum  of  a second 
lever  L,  carrying  an  armature  a,  subject  to  the 
attraction  of  the  magnet  coils  E.  Below  this 
lever  is  fixed  a tongue  piece  or  cam  I,  which  enters 


an  opening  in  the  tubular  carbon-holder  and  jams 
the  carbon,  preventing  it  from  descending.  When 
the  circuit  is  first  completed  the  total  current 
passes  through  the  coils,  which  draw  in  their 
cores,  and  cause  the  carbon-holder  to  descend.  At 
the  same  time  the  armature  a being  attracted  the 
cam  I is  withdrawn  and  the  carbon  allowed  to 
slide  through  the  holder  until  it  meets  the  lower 
electrode.  Immediately  the  greater  part  of  the 
current  is  diverted  from  the  coils,  the  lower  counter- 
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weight  raises  the  carbon-holder,  and  the  upper  1 
weight  forces  the  cam  into  contact  with  the 
electrode  and  causes  the  two  to  rise  together  to 
establish  the  arc.  As  the  arc  lengthens  the  upper 
carbon  is  allowed  to  drop  slightly  from  time  to 
time  by  the  pressure  of  the  cam  being  relaxed. 
The  invention  also  refers  to  a lamp,  in  which 
a thin  pencil  falls  by  gravity  towards  a carbon 
block,  carried  on  one  arm  of  a bell-crank  lever, 
which  is  subject  to  the  attraction  of  an  electro- 
magnet. The  other  arm  carries  a brake  shoe 
pressing  against  the  thin  pencil.  When  the 
circuit  is  completed  the  magnet  draws  down 
the  block  slightly  and  presses  the  brake  against 
the  other  electrode,  establishing  a very  small 
arc.  The  specification  further  illustrates  a lamp 
on  the  principle  of  that  first  described,  with  two 
sets  of  carbons,  the  upper  ones  being  both  connected 
by  a yoke  to  a rod  passing  through  the  hollow  holder. 
The  arcs  are  established  by  drawing  down  the 
lower  electrodes,  the  holders  of  which  are  attached 
to  the  cores  of  two  solenoids  carried  on  the  lower 
part  of  the  lamp  frame. 

5,494.  — J.  W.  Swan,  Newcastle-upon-Tyne. 

Secondary  Voltaic  Cells.  2d.  December  15. 

Secondary  Batterie.s. — The  surfaces  of  the  lead 
plates,  preferably  constructed  as  described  in 
Patent  No.  2,2/2  of  1881,  are  converted  into  white 
lead  by  the  combined  action  of  acetic  acid,  carbonic 
acid,  and  atmospheric  air,  and  are  then  reduced 
to  a metallic  state  by  the  action  of  electrolytic 
hydrogen.  The  plates  so  produced  are  arranged 
and  used  as  in  the  Plantii  cells. 

5,499.  — J,  W.  Swan,  Newcastle-  upon  - Tyne. 

Measuring  and  Recording  Electric  Cur- 
rents. 4d.  December  16. 

Current  Meter.  — In  the  inventor’s  former 
Specification,  No.  5,004  of  1880,  there  is  described 
an  electric  meter  so  constructed  that  it  is  neces- 
sary to  have  a pair  of  wires  between  it  and  each 
lamp.  The  object  of  this  invention  is,  in  part,  to 
avoid  the  use  of  these  wires.  The  main  conduct- 
ing wire,  or  a shunt  from  it,  is  now  taken  I'ound 
the  several  electro-magnets  which  determine  the 
engagement  of  the  pawls  with  the  counting 
mechanism,  and  the  springs  which  counteract  the 
pull  of  these  electro-magnets  are  so  adjusted  that 
when  the  current  from  one  lamp  only  is  passing 
one  pawl  only  is  in  action.  When  two  lamps 
are  burning  two  pawls  will  be  in  gear,  and  so  on. 
The  motor  which  drives  the  recording  mechanism 
comes  into  motion  when  the  first  lamp  is  lighted. 

In  a modified  meter  a single  solenoid  is  substituted 
for  all  the  electro-magnets,  and  the  depth  to  which 
its  core  is  drawn  in  determines  the  number  of 


pawls  that  come  into  operation.  In  a voltametric 
meter  the  electrolytic  apparatus  and  an  automa- 
tically variable  resistance  are  connected  in  series 
and  are  placed  between  the  main  conductors  in 
the  same  way  that  the  lamps  are.  The  action  of  a 
solenoid  in  the  main  conductor  causes  a plunger  to 
rise  or  fall  in  a tube  of  mercury  in  proportion  to  the 
current  passing,  so  as  to  make  the  rise  or  fall  of 
the  mercury  short-circuit  or  disconnect  branches 
taken  from  different  lengths  of  the  resistance  coil, 
these  lengths  being  so  adjusted  that  the  resistance 
of  the  coil  shall  diminish  or  increase  in  steps  eorre- 
sponding  to  lamp  units  of  currents  in  the  main 
conductor ; the  amount  of  gas  evolved  in  the  volta- 
meter consequently  is  proportional  to  the  number 
of  lamps  lit.  The  gas  may  be  made  to  cause 
the  oscillation  of  a beam  connected  to  counting 
mechanism. 

5,521. — G.  Grout  and  W.  H.  Jones,  London. 
Secondary  or  Polarisation  Batteries  for 
Storage  of  Electric  Energy.  4d.  December 
17. 

Secondary  B.\tterie.s. — This  invention  relates, 
firstly,  to  the  combination  of  lead  or  other  metal 
with  carbon  ; and,  secondly,  to  the  application  of 
lead  dust  in  secondary  batteries.  Flour,  starch,  or 
meal  is  mixed  with  an  oxide  or  salt  of  lead,  and 
sufficient  syrup  is  added  to  make  it  plastic.  This 
material  is  moulded  into  sheets  or  blocks  and  ex- 
posed to  sufficient  heat  in  a closed  vessel  to  oxidise 
the  organic  matter  and  reduce  the  metallic  salt. 
In  constructing  some  of  the  elements  it  is  advan- 
tageous to  take  x'ed  oxide  of  lead  and  combine  it 
with  flour  and  syrup  to  form  a paste.  This  is  ap- 
plied by  a spreader  to  the  surface  of  paper,  or  other 
carbonisable  material,  which  is  rolled  or  folded  to 
the  desired  form,  and  then  carbonised  with  a solid 
lead  core  to  form  an  attachment.  If  the  moulded 
block  is  to  be  of  a very  porous  nature  it  is  mixed 
with  yeast  and  fermented,  as  if  it  were  bread,  and 
then  carbonised.  For  some  purposes  metallised 
carbon  is  employed  in  the  powdered  state  to  sur- 
round the  conductor.  The  powder  is  prepared  by 
adding  a salt  of  the  desired  metal  to  pulverised 
charcoal,  or  to  a carbonaceous  substance,  and  ex- 
posing it  to  a reducing  heat.  For  the  construction 
of  elements  according  to  the  second  part  of  this 
invention,  lead  or  a plate  of  carbon  is  taken,  and 
dusty  or  granular  lead  is  heaped  upon  it.  This 
dust  is  prepared  by  mixing  powdered  charcoal  with 
molten  lead  and  stirring  it  until  it  becomes  cold. 

5,524. — R.  Kennedy,  Glasgow.  Electric  Lamps, 
&c.  8d.  (7  figa.)  December  17. 

Incandescence  Lamps. — This  invention  relates, 
first,  to  a mercurial  air  pump  (Fig.  1).  The  lamp 
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globe  to  be  exhausted  is  shown  at  the  top,  and  is  con- 
nected to  the  pump  by  two  india-rubber  washers  and 
a increurial  seal.  In  operation  the  three-way  cock  d 
is  turned  to  place  the  pipes  o.  and  e in  eonnnunica- 
tion,  and  mercury  is  poured  down  the  former  until 
it  rises  to  the  valve  h,  driving  all  the  air  before  it. 
The  cock  is  then  turned  to  connect  c and  J,  and 
the  mercury  allowed  to  run  out.  This  is  repeated 


as  often  as  necessary,  the  valve  1)  preventing  tlie 
mercury  rising  into  the  globe,  and  the  valve  h 
preventing  inlet  of  air.  Secondly,  to  connect  the 
platinum  conductors  and  the  filament,  in  an  in- 
candescence lamp,  the  former  have  helices  c’  c’ 
(Fig.  2)  formed  on  their  ends,  and  are  raised  to  a 
red  heat  by  a current  in  a carbonaceous  atmosj:>hero, 
by  which  means  carbon  is  deposited  on  and  fills 
the  interstices  of  the  helices.  The  filament  is  made 
by  preference  from  a fibre  of  the  aloe-tree. 

Arc  Lamp. — The  invention  also  relates  to  the  arc 
lamp,  shown  in  Fig.  3.  “The  crossbar  d carries 
at  its  ends  the  pawls  ee,  by  pins  n n,  which  pass 
through  holes  in  the  crossbar  d,  pawls  c e,  and  pawl 
levers  7 y,  the  latter  being  mounted  at  their  outer 
ends  upon  the  axes  g g,  M hich  also  carry  the  ratchet 
pulleys  h Ji.”  “ When  the  lamp  is  put  into  circuit 
the  current  passes  tlirough  the  solenoid  a,  thence 
through  the  wire  m to  the  upper  carbon  C,  and 
from  this  across  the  arc  to  the  lower  carbon  D, 
which  is  not  insulated  from  its  carrier,  thence  to 
the  return  wire  E,  through  the  metallic  connections 
formed  by  the  rollers  k k and  the  framing  y.  When 
the  current  passing  through  the  solenoid  a is  of  less 
than  the  proper  strength  the  solenoid  core  c de- 
scends, and  at  the  same  time  releases  the  pulleys 
h h,  so  that  the  carrier  B and  the  lower  carbon  rise, 
while  at  the  same  time  the  upper  carbon  descends. 
This  shortens  the  arc  and  allows  a greater  quantity 


of  current  to  pass  ; the  solenoid  then  draws  up 
the  core  c and  thus  checks  tlie  pulleys  h h."  This 
description  does  not  appear  to  correspond  exactly 
with  tlie  drawings.  In  a modified  lamp  the  upper 
and  lower  carbon-holders  are  both  suspended  by 
cords  passing  round  the  pulleys  h Ii,  and  tend  to 
counterweight  each  other,  the  upper  being  slightly 
the  heavier.  The  bar  d merely  serves  to  operate 
tlie  pawls. 

5,525. — W.  H.  Akester,  (ila.sgow.  Dynamo- 
Electric  Machines.  Od.  (7  figs.)  December  17. 

Dynamo-Electric  Gener.vtor. — This  invention 
relates  principally  to  the  construction  and  method 
of  winding  the  comiiound  aiiiiatures  used  in  this 
generator.  Referring  to  the  illustrations.  Fig.  1 
is  a sectional  side  elevation.  Fig.  2 a plan.  Figs.  3 
and  4 transverse  vertical  sections.  Fig.  5 a diagram 
showing  the  mode  of  connecting  the  coils,  and 


Figs.  6 and  7 are  face  view  and  '.section  of  a soft 
iron  piece  held  in  the  armatures  by  the  insulated 
copper  ■wire  coils.  The  shaft  10  has  fixed  on  it, 
near  each  bearing,  a boss  formed  uith  spokes  13, 
having  flanges  at  their  outer  ends  on  which  are 
fixed  the  armature  rings.  In  the  drawings  two 
armatures,  each  made  up  of  three  rings,  are  shown. 
The  rings  are  fixed  by  thin  wedges  of  wood  driven 

hh 
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in  Letwccu  the  flanges  of  the  spokes  ami  the  thin 
metal  plates  protecting  the  coils.  Each  ring  con- 
sists of  an  annulus  14  (Fig.  4)  of  soft  iron  wire 
wound  with  a number  of  coils  of  insulated  copper 
wire  15,  which  each  bind  down  a soft  iron  piece  16 
(Figs.  4,  6,  and  7),  the  flange  of  whicli  projects 
outwards,  and  has  its  outer  edge  flush  with  the 
coils.  The  connections  for  continuous  currents 
are  sufficiently  indicated  in  Fig.  5,  tlie  commu- 
tator being  of  ordinary  construction,  as  shown  in 
Fig.  ,S.  The  brushes  are  fixed  to  slotted  brackets 
1!)  bolted  to  a wooden  block  and  connected  by 
wires  to  the  terminals.  The  field  magnets  con- 
sist of  two  horizontal  bars  placed  parallel  to  and 
on  opposite  sides  of  the  shaft  10,  and  connected 
by  pole-pieces  27  formed  with  concave  cylindrical 
surfaces.  The  field  magnets  are  so  excited  by  the 
coils  28  that  the  N.  and  S.  poles  of  one  respec- 
tively face  the  S.  and  N.  poles  of  the  other.  The 
pole-pieces  27  (Fig.  2)  are  formed  so  that  the 
exciting  coils  28  may  be  carried  to  some  extent 
behind  them.  Two  or  more  pairs  of  magnets  may 
be  arranged  equidistantly  round  the  shaft  10,  the 
j)oles  being  placed  alternately.  The  pieces  16 
may  have  projecting  parts  at  both  ends. 

5,536. — J.  E.  H.  Gordon,  London.  Dynamo- 
Electric  Machines.  6d.  (S  figs.)  De- 
cember 17. 

Dyn.\mo-Electric  Gexebator. — This  invention 
relates  to  improvements  on  the  generator  described 
in  Specification  No.  78  of  1881.  The  generator 
therein  described  comprised  two  revolving  wheels 
cari-ying  electro-magnets  and  one  stationary  wheel 
provided  with  helices,  there  being  as  many  electro- 
magnets on  the  wheel  as  there  were  stationary 


helices.  To  prevent  the  coils  in  adjoining  helices 
interfering  with  each  other,  the  number  of  helices 
of  the  stationary  ring  are  in  the  present  invention 
double  in  number  those  of  the  electro-magnets 
on  one  of  the  rotating  rings.  Tlie  magnets  thus 
act  alternately  on  the  alternate  sets  of  coils. 


j and  the  intervening  coils  are  practically  idle  and 
I shield  the  others  from  mutual  action.  The  cores 
j of  the  helices  are  lengthened  beyond  what  is 

! actually  recpiired  for  the  wire,  and  the  plate  to 

, which  they  are  attached  is  set  back  into  a field  of 
greatly  diminished  inductive  action.  The  space 
between  the  wire  and  the  plate  may  be  left  empty 
or  filled  with  wood.  Fig.  1 is  a side  elevation  of 


the  generator.  Fig.  2 an  end  elevation,  Fig.  3 a 
section  of  one  of  the  fixed  rings  and  one  of  the 
inducing  helices,  and  Fig.  4 is  an  elevation  of  part 
of  one  of  the  fixed  rings.  The  field  magnets  are 
carried  on  a rotating  wheel  A,  the  construction  of 
which  can  be  seen  in  Fig.  2.  Each  magnet  is  pro- 
vided with  a pole-piece  at  each  end. 

5,551. — J.  H.  Johnson,  London.  (IT.  IF. 

com,  Phikuhlphia,  U.S.A.)  Armatures  for 
Magneto  - Electric  and  Dynamo  - Electric 
Machines,  &c.  fid.  (2  figs.)  December  10. 

Arm.yture.s. — This  refers  especially  to  armatures 
of  the  Siemens  type,  and  “ consists  in  dividing  the 
bi-polar  extremities  of  such  armatures  into  two 
I or  more  seetions  concentric  with  each  other,  one 
or  more  of  such  sections  being  at  such  a distance  as 
to  utilise  the  magnetic  lines  of  force  which  will 


fill  the  space  between  the  two  poles  of  the  field 
magnets,  whilst  the  other  section  or  sections  arc 
arranged  so  as  to  pass  in  close  proximity  to  the  poles 
of  the  field  magnets.  ’ As  will  be  seen  on  reference 
to  the  illustration,  the  armature  A has  its  bi  polar 
extremities  divided  into  sections  concentric  with 
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each  other,  tlic  sections  m revolving  at  such  a dis- 
tance within  the  lichl  magnets  15  and  C as  to  fully 
utilise  the  magnetic  force.  The  projections  p are 
longitudinal  ribs  extending  beyond  the  periphery 
of  the  sections  m. 


Oenekatou. — A generator,  driven  by  one  of  the 
axles,  feeds  a secondary  battery  in  addition  to  a 
head  and  tail  light.  Uistinctive  signals  may  be 
given  by  means  of  a circuit  breaker  driven  from 
tlie  axle  so  as  to  indicate  the  speed  of  the  train. 


*5,566.— A.  Millar,  Glasgow.  Producing  Elec- 
tric Currents.  2d.  December  20. 

Magneto  - Electric  Gener.vtor.  ■ — This  gene- 
rator is  of  the  “exploder”  type,  and  lias  a soft 
iron  armature  which  rotates  before  tlie  poles  of  a 
permanent  magnet  coiled  with  insulated  wire. 
Several  arrangements  are  mentioned  but  not  de- 
scribed as  regards  their  detail. 

5,593. — L.  S.  Powell,  London.  (J.  J/.  A. 
Geranl-Le»cuyer,  Parlx).  Dynamo-Electric 
Machines,  (id.  (3  figs.)  December  21. 

Dynamo  - Electric  Generator. — The  general 
construction  of  the  generator  is  clearly  shown  in 
the  drawings.  C C are  straight  electro-magnets 
fixed  upon  the  circumference  of  a rotating  brass 
■wheel,  with  their  poles  arranged  alternately  upon 
either  side,  which  wheel  runs  between  two  circles 


of  fixed  electro-magnets.  Fig.  2 is  a side  view 
of  one  of  these  electro-magnets  with  one  of  its 
covering  plates  removed.  A thin  sheet  of  metal 
is  interposed  between  each  layer  of  wire  in  the 
coils,  to  assist  in  the  inducing  action  and  to  pre- 
vent the  formation  of  extra  currents.  As  the  in- 
duced currents  are  alternate  in  direction,  a sepa- 
rate generator  is  necessary  to  excite  the  field 
magnets. 

5.599.  — W.  Smith,  London.  Insulated  Con- 
ductors for  Telegraphic  Uses,  &c.  2d. 
December  21. 

Conductors.  • — - The  dielectric  is  made  from 
gutta-percha  and  zinc  white,  which  is  incorpo- 
rated with  the  gutta-percha  while  it  is  being 
masticated  in  an  ordinary  masticating  machine. 

5.600.  — S.  Pitt,  Sutton,  Surrey.  {E.  T.  Starr, 
Philadelphia,  U.S.A.)  Electric  Lighting 
Apparatus  for  Railway  Trains,  &c.  6d. 
(4  figs. ) December  21. 


5.614.  — J.  T.  Jones  and  J.  H.  Wild,  Leeds. 
Apparatus  for  Boring  Rocks.  8d.  (Cfigs.) 
December  22. 

Motor. — The  drills  are  mounted  on  an  adjustable 
travelling  frame  and  may  be  driven  by  a “ dynamo- 
electric  machine.” 

5.615.  — J.  N.  Culbertson,  Antwerp,  and  J.  W. 
Brown,  London.  Cables  for  Telephonic 
and  Telegraphic  Communication.  Cd. 
(5  figs.)  December  22. 

CoNuucTOR.s. — These  are  threaded  through  in- 
sulating perforated  diaphragms  in  pipes  laid  under 
ground.  The  pipes  and  wires  arc  prepared  in 
lengths  and  coupled  in  position,  the  wires  being 
connected  by  short  spiral  springs. 

5,618. — D.  Graham,  Glasgow.  Holder  for 
Incandescent  Electric  Lights,  (id.  {.3  figs.) 
December  22. 

Inc.^ndercence  Lamps.— The  illustration  shows 
the  holder  in  section.  A is  a block  of  non-con- 
ducting [material  made  to  screw  on  to  the  nipple 
of  an  ordinary  gas  bracket.  Around  this  is  an 
elastic  metal  clipping  piece,  which  embraces  the 
neck  of  the  lamp  globe ; it  is  divided  into  two 


parts  b E,  insulated  from  each  other  and  con- 
nected respectively  to  the  two  leading  wires. 
Each  part  carries  a screw  that  can  be  put  in  con- 
tact with  one  of  the  lamp  terminals.  E E are 
brackets  for  an  external  shade.  The  holder  is 
provided  with  a contact  breaker  not  sliou  n in  the 
illustration. 

*5,623. — C.  A.  Carus-Wilson,  London.  Mea- 
suring Electric  Currents.  4d.  December 23. 

Current  Meters. — This  invention  relates  essen- 
tially to  the  employment,  for  the  purpose  of 
measuring  electric  currents,  of  a secondary  battery 
or  batteries,  which,  or  each  of  which,  is  first  charged 
or  acted  on  by  the  current  to  be  measured,  and  is 
then  allowed  to  discharge  or  run  down,  or  has  its 
current  reversed,  these  alternate  actions  being  re- 
peated and  made  to  communicate  motion  to,  or  to 
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regulate,  the  action  of  any  given  counting  or  inte- 
grating apparatus.  Seven  inodes  of  carrying  out 
the  invention  arc  liriefly  described,  but  thcmctliods 
of  reversing  the  connections  and  actuating  tlie 
counting  inechanisin  are  not  explained. 

5,631.  — J.  S.  Sellon,  London.  Secondary 
Batteries.  2d,  December  23. 

Seco.vd.uiy  Datteiiies. — This  invention  relates 
to  constructing  the  “terminals,  plates,  supports, 
retainers,  or  frames  employed  in  secondary  bat- 
teries of  a material  or  materials  not  readily  sub- 
jected to  tlie  destructive  influence  of  oxidation.” 
“Carbon,  either  in  a solid  form  or  amalgamated 
with  other  substances,  or  asbestos,  wood,  papier- 
mach^,  cellulose,  either  alone  or  in  combination 
with  metal  not  easily  oxidised,”  may  be  used  for 
the  purpose. 

*5,632. — J.  S.  Sellon,  London.  Construction 
of  Incandescence  Lamps.  2d.  December 
23. 

IxcAXDE.scENC'E  L.uu'S. — Opal  glass  is  employed 
in  place  of  transparent  glass  in  making  the  globes. 

5,651. — St.  G.  Lane  Fox,  London.  Electric 
Current  Meters.  6d.  (4  figs.)  December24. 

CuRREXT  Meter. — This  invention  lias  reference 
to  meters  of  the  class  described  in  1‘atentXo.  4,620 
of  1S78.  Referring  to  the  illustrations,  C C is  an 
electric  motor  acting  upon  a horizontal  sway  beam 
which  makes  and  breaks  the  circuit  every  time  it 
touches  the  contact  springs  F F.  The  spring  I 
serves  to  insure  the  beams  stopping  in  a right 
position  for  starting  when  the  current  passes.  The 


motion  of  the  beam  is  communicated  by  a pawl  to 
a wheel  on  a vertical  shaft  jointed  in  the  middle 
and  carrying  at  its  upper  end  a conoidal  friction 
drum  Q,  which  runs  in  contact  with  a disc  K. 
This  disc  and  its  shaft  is  raised  or  lowered  by  the 
magnet  A according  to  the  current  passing,  and 
therefore  rotates  at  speeds  that  are  proportionate 
to  the  consumption  of  the  electric  energy.  The 
lower  end  of  the  shaft  drives  a counter. 


5,656. — E.  G.  Brewer,  London.  {C.  E.  Bull, 

Kcwliaveii,  Conn.,  U.S.A.)  Apparatus  for 

Working  Electric  Clocks,  &c.  8d.  (8  figs.) 

December  24. 

Secoxd.vry  B.\tteries. — The  use  of  “ local  bat- 
teries ” is  dispensed  with,  and  a secondary  battery 
employed  to  maintain  a constantly  chai’ged  main 
line  circuit. 

5,660. — L.  S.  Powell,  London.  (./.  2f.  A. 

Girard- Lesanjer,  Parlt).  Electric  Lamps. 

Od.  (9  figs.)  December  24. 

Arc  L.-^mps. — Two  elevations  of  a lamp  designed 
to  be  worked  by  alternating  currents  are  shown  in 
the  illustrations.  The  upper  carbon-holder  is 
connected  to  a piston  working  in  a copper  cylinder 
surrounded  by  a coil  of  fine  Mire  E in  a shunt 
circuit.  Between  the  cylinder  and  the  coil  is  a 
tube  of  iron  acting  as  the  core  of  the  coil.  The 
loM  cr  carbon-holder  is  carried  by  a movable  frame 
consisting  of  tu  o rods  A A,  M-hich  can  move  end- 
M ise,  and  are  supported  by  adjustable  springs.  The 
separation  of  the  carbons  is  effected  by  means  of  an 
iron  armature  O,  broken  away  in  Fig.  2,  connected 
M’ith  the  tM'o  rods  A A,  and  situated  underneath 
the  loM-er  extremity  of  the  magnet  E.  When  the 
magnet  is  excited  the  armature  rises  and  carries 
the  lower  carbon  Muth  it.  The  descent  of  the 
upper  carbon  is  arrested  M hen  reejuired  by  a brake 
device  Morked  liy  the  upper  extremity  of  the 
same  magnet.  This  brake  consists  of  two  vertical 
rods,  connected  together  at  their  upper  extremities 
by  an  armature  T,  and  jointed  at  their  loM  cr  ex- 
tremities to  tM'o  bent  clan  s U capable  of  oscillat- 
ing on  pivots  V.  That  part  of  each  claw  m hicli 
faces  the  upper  carbon-holder  terminates  in  a 
sector  provided  nith  two  projections  capable  of 
clasping  the  carbon-holder.  Two  helical  springs 
W serve  to  counterbalance  the  n eights  of  the  rods 
and  brake.  Before  lighting  tlie  lamp  the  carbons 
arc  separated  so  that  the  current  piasses  entirely 
round  the  coil,  M hich  becomes  excited  and  attracts 
both  top  and  bottom  armatures.  The  attraction 
on  tlie  upper  one  has  the  effect  of  dran  ing  don  n 
the  rods  S S and  opening  the  clan  s U ; thus  the 
upper  carbon-liolder  is  freed  and  descends  slowly, 
at  a rate  dependent  on  the  opening  of  an  air 
valve.  The  lower  armature  is  also  attracted  and 
raises  its  carbon  to  meet  the  upper  one.  When 
the  two  are  in  contact  the  magnet  loses  its  power, 
the  lower  carbon  drops  to  establish  the  arc,  .and 
the  upper  one  is  locked  by  tlie  brake  device.  In 
a modified  lamp  of  this  type,  adapted  for  use  with 
cither  direct  or  alternate  currents,  a second  coil  in 
the  lamp  circuit  is  placed  below  the  armature  0, 
and  acts  upon  it  in  opposition  to  the  shunt  coil 
above.  In  another  form  of  lamp  the  descent  of 
the  upper  carbon-holder  is  regulated  alone  by  the 
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action  of  air  aclmittcil  to  a cylinder,  such  as  H,  by 
a valve.  Tliis  lamp  is  provided  with  a fine  and 
a thick  coil,  the  former  being  the  uppermost.  A 
copper  tube  is  passed  through  both  coils,  and 
encloses  anotlier  copper  tube  sliding  within  it  for 
a short  distance.  The  upper  end  of  tlie  inner 
tube  carries  a piston  and  the  lower  end  an  arma- 
ture. That  part  of  the  tubes  which  is  surrounded 
by  the  lower  coil  is  enclosed  in  an  iron  sheath, 
which  constitutes  the  acting  core.  The  valve  for 
controlling  the  descent  of  the  upper  carbon- 


holder  is  suspended  within  the  upper  coil,  which 
acts  as  a solenoid,  and  is  of  the  piston  - valve 
type,  covering  a port  in  the  side  of  the  tube  in 
which  it  moves.  This  valve,  being  of  iron,  is 
draw'n  down  when  the  coil  which  surrounds  it  is 
excited,  in  conserpience  of  an  abnormal  resistance 
in  the  arc,  and  air  is  admitted  to  the  cylinder,  in 
which  the  piston  carrying  the  upper  carbon- 
holder  moves.  The  lower  carbon  is  supported  as 
shown  in  the  illustration.  The  specification  also 
describes  a slightly  modified  arrangement  witii  a 
conical  valve. 

*5,661.— J.  H.  Joh  nson,  London.  {C.  Lahyr 
and  L.  de  Locht-Lahye,  Park.)  Pipes  for 
Containing  Electrical  Conductors.  4d. 
December  24. 

CoNDrcTOR.s. — The  conductors  are  carried  in  cast- 
iron  jointed  troughs  covereil  with  lids.  The  wires 
are  separated  by  sea-sand,  powdered  glass,  or  by 
a mixture  of  asphalte  and  resin,  the  horizontal 
layers  being  covered  with  sheets  of  glass. 

5,665. — S.  A.  Varley,  Islington.  Apparatus 
for  Producing  and  Regulating  Electric 
Light,  &C.  lOd.  (19  figs.)  December  24. 


Dyna:mo-Klkctkic  Gunkiiatoks.  — 'I'his  inven- 
tion relates,  firstlj^  to  an  improveil  dynamo- 
electric  generator.  Upon  a central  axis  there  arc- 
fixed  a nund)er  of  wheels  of  non-magnctic  mate- 
rial (Fig.  2),  having  blocks  of  iron  let  into  their 
peripheries  as  shown.  In  each  of  these  blocks  a 
rectangular  slot  is  cut,  and  an  iron  bar  A",  seen 
in  end  view  in  Fig.  2 and  elevation  in  Fig.  1,  is 
threaded  into  each  row  of  blocks.  Betw-een  each 
pair  of  blocks  a coil  is  wound  on  the  bar,  so  that 
each  coil  has  an  iron  centre  and  an  iron  cheek  or 
flange  at  each  end.  A thin  sheet  of  iron  is  bent 
round  the  coil  between  each  layer  of  wire,  the 
edges  of  the  sheet  not  cpiite  touching  each  other. 
In  the  generator  illustrated  there  are  four  coils  on 
each  bar  and  sixteen  bars,  or  sixty-four  coils  in  all. 


The  wheels,  coils,  and  bars,  together  constitute  the 
armature  which  rotates  between  the  field  magnets 
H H.  These  magnets  are  plates  wound  with  coils 
and  set  on  edge,  each  plate  having  its  own  coil. 
The  width  of  the  plates  is  equal  to  that  of  the 
magnetic  blocks  in  the  wheels,  that  is,  to  the  space 
C (Fig.  1)  between  the  coils,  and  there  are  as 
many  magnets  on  each  side  as  there  are  wheels. 
The  poles  of  adjoining  magnets  are  alternately 
north  and  south,  and  the  poles  of  opposite  magnets 
are  of  opposite  name.  From  this  it  follows  that 
the  blocks  or  cheeks  of  a coil  that  is  passing 
through  the  magnetic  field  are  magnetised  in 
opposite  directions.  As  indicated  in  Fig  2,  the 
magnets  are  not  all  on  the  same  level,  but  are 
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stepped,  so  that  the  coils  on  a given  bar  enter  and 
leave  the  magnetic  field  in  succession.  Each  coil 
is  connected  to  a separate  commutator  plate  and 
two  commutators  are  used  for  convenience.  AVhen 
alternating  currents  are  desired,  the  field  magnets 
are  made  half  the  depth  of  those  shown,  and  four 
poles  arc  arranged  round  the  circle.  Tlie  inven- 
tion relates,  secondly,  to  an  apparatus  for  con- 
trolling the  speed  of  the  steam  engine  in  accor- 
dance with  the  current  rcipiired.  This  comprises 
two  parts,  a relay  and  a magnetic  centrifugal 
governor.  The  relay  consists  of  a cylindrical 
electro  magnet  moving  within  the  tubular  poles  of 
another  electro-magnet  ami  weighted  so  that  it 
does  not  move  until  the  current  reaches  a deter- 
mined amount.  When  this  happens,  the  current, 
or  a part  of  it,  is  sent  to  the  coils  on  the  governor. 
The  spindle  of  the  governor  drives  the  arms  through 
a pawl  and  ratchet.  Each  arm  is  in  two  parts, 
a solid  cylindrical  portion  jointed  to  the  central 
collar,  and  a tubular  portion  affixed  to  the  ball  or 
weight.  The  solid  portion  carries  an  electro- 
magnetic coil,  and  when  this  is  traversed  by  a 
current  it  draws  up  the  hollow  portion,  thereby 
greatly  shortening  the  length  of  the  arm.  “The 
effect  of  this  is  to  reduce  the  diameter  of  the  orbit 
through  w'hich  the  governor  balls  revolve,  and  by 
a well-known  law  it  results  that  their  rate  of  I'evo- 
lution  becomes  immediately  increased  and  con- 
sequently they  travel  round  faster  than  the  shaft 
which  communicated  motion  to  them  ; thus  the 
balls  become  raised  by  the  centrifugal  force,  and 
the  supply  of  actuating  fluid  to  the  motor  is 
arrested  by  closing  the  throttle  valve  in  the  usual 
way.” 

Arc  Lamp. — The  invention  I’elates,  thirdly,  to 
two  forms  of  electric  arc  lamp.  In  the  first  the 
lower  carbon  is  stationary  while  the  upper  is  con- 
nected to  an  iron  rod  c.  Fig.  3,  wrapped  with 
naked  wire,  the  convolutions  of  which  are  insu- 
lated from  the  rod  and  from  each  other.  This 
rod  moves  within  hollow  tubular  polar  extensions 
n s of  a fixed  electro-magnet  not  shown  vei-y  clearly 
in  the  illustration.  The  current  enters  the  lamp 
as  indicated  by  the  arrow  100,  passes  through  the 
short-circuiting  magnet  d,  and  thence  to  the 
lower  carbon.  It  then  crosses  the  arc,  leaves 
the  upper  carbon  by  the  rollers  shown,  and, 
dividing,  is  led  to  the  contact  rollers  c e,  c'  e’,  by 
which  it  enters  the  coil  on  C,  anil,  flowing  upwards 
and  downwards,  escapes  by  the  contact  springs  / 
to  the  coils  of  the  fixed  electro-magnet  and  thence 
to  the  negative  terminal  of  tlie  lamp.  By  tliis 
arrangement  a south  pole  is  formed  in  the  rod  C at 
the  place  where  the  contact  spring  f touches  it, 
and  as  the  pole  is  just  between  the  north  and 
south  poles  of  the  fixed  magnet  it  is  impelled  up- 
wards by  the  magnetic  force.  But  however  much 


the  rod  may  move,  tlie  magnetic  pole  remains 
stationary  at  the  point  where  the  current  leaves 
the  coil.  AVlien  the  circuit  is  completed  through 
the  lamp,  the  rod  and  upper  carbon  are  lifted 
until  tlie  resistance  of  the  arc  decreases  the 
eurrent  to  a point  at  which  the  lifting  power  of 
the  magnet  and  the  force  of  gravity  exactly 
neutralise  each  other.  The  lamp  is  regulated  by 
counterweighting  to  a greater  or  less  extent  the 
weight  of  the  rod  G.  In  a second  form  of  lamp 
the  heated  air  and  gas  rising  from  the  arc  are  made 
to  drive  a fan,  and  thus  supply  the  motive  power 
for  feeding  the  electrodes.  Three  bevel  wheels, 
thrown  in  an  lout  of  gear  by  an  electro-magnet, 
determine  the  direction  of  the  motion. 

5,637. — S.  A.  Varley,  London.  Collection  and 

Distribution  of  Electric  Currents.  Gd. 

(S  figs.)  December  24. 

Distributinu  Curren'ts. —According  to  this 
invention  the  contact  pieces  that  are  in  contact 
with  the  insulated  segments  of  the  commutators 
of  electric  generators  move  over  them  with  a 
rolling  friction,  and  have  a motion  of  rotation 
slightly  greater  or  slightly  less  than  the  circum- 
ferential velocity  of  the  segments.  The  illustration 
shows  one  method  of  carrying  out  the  invention. 
The  commutator  is  made  in  the  form  of  a lantern 
pinion,  all  the  teeth  being  insulated  from  one 
another.  The  collectors  are  toothed  wheels  D I)’ 
gearing  with  the  lantern  pinion,  and  carried  in 


pivotted  frames,  which  can  be  forced  towards 
the  pinion  by  the  elastic  pressure  of  the  springs 
M and  set  screws  K.  The  spring  J tends  to 
move  the  frames  in  the  opposite  direction.  F E 
are  brake  springs  whicli  bear  against  the  toothed 
wheels  to  prevent  backlash.  The  specification 
illustrates  another  form  of  commutator  with  plain 
insulated  segments  running  in  contact  with  grooved 
cylinders  that  are  driven  positively  by  gearing  on 
the  central  axis  of  tlie  armature  at  a circumferen- 
tial speed  slightly  greater  or  less  than  tliat  of  the 
commutator. 
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5,668. — Sir  William  Thomson,  (Jlasgow.  Dy- 
namo-Electric Machines,  &c.  Is.  lOil. 
(.")9  figs. ) December  20. 

Dyn.vmo-Elkctkic  (Jknku.u'ou. — Tins  invention 
relates,  firstly,  to  revolving  metallic  brushes  used 
in  place  of  the  fixed  brushes  usually  in  contact  with 
the  commutator  bars.  These  brushes  are  made 
partly  elastic,  or  the  commutator  bars  are  elastically 
connected  to  the  rotating  armature  and  the  brushes 
made  rigid.  The  rotating  brushes  are  made  of  cups 
packed  into  each  other,  each  alternate  cup  being 
cut  radially  into  a number  of  divisions,  and  the 
whole  fixed  upon  a spindle.  Fixed  springs  bear 
upon  the  outer  cups  to  lead  off  the  current.  Instead 
of  the  cups,  discs  of  copper,  radially  split,  may  be 
employed,  and  when  fixed  together  they  may  have 
a cylindrical  or  conical  form  ; in  the  latter  case 
they  may  run  against  a disc  or  face  commutator. 
For  very  high  speeds  the  commutator  bars  are  made 
clastic  by  fixing  copper  brushes  to  them,  with  the 
wires  standing  out  like  the  fibres  of  a nail  brush. 
When  it  is  desired  to  make  contact  on  several  con- 
secutive commutator  bars,  the  bars  are  made  in  the 
form  of  brushes  and  run  against  fixed  brushes  of  con- 
siderable width.  Figs.  1 and  2 are  sectional  diagrams 
of  an  improved  dynamo-electric  generator,  which 
consists  of  a drum  or  cylinder  B,  formed  of  insulated 
copper  bars  built  together  like  the  staves  of  a barrel. 
These  bars  are  bound  together  externally  by  cord 
.S  or  by  hoops  of  non-magnetic  metal.  A plug  of 
wood  inserted  in  one  end  of  the  drum  resists  the 
pressures  of  tlie  roller  brushes,  shown  by  dotted 
circles  C C,  and  the  antifriction  bearing  rollers, 
partly  shown  by  segmental  dotted  lines  A’,  on  both 
of  which  the  drum  may  be  supported.  The  trans- 
mission of  power  to  or  from  the  drum  may  be  effected 
by  the  tangential  force  of  one  or  more  of  the  bearing 
rollers,  or  by  means  of  an  axle  fixed  into  the  mouth  of 
the  drum  at  the  end  remote  from  the  brushes.  In  the 
latter  case,  the  axle  must  be  hollow  to  allow  a sup- 
port for  the  interior  part  of  theelectro-magnet  to  pass 
through  it.  The  magnetic  fields  K K are  produced  by 
means  of  an  electro-magnet  of  circular  form  in  two 
segments.  The  smaller  of  these  has  its  soft  iron 
core  M'  wound  with  a conductor  of  any  suitable 
kind,  while  the  larger  is  wound  with  strips  suitably 
disposed  to  fill  the  whole  available  space  with 
copper  conductor.  The  lines  G H,  G K,  show  the 
form  of  one  of  the  coils  before  being  slipped  on  to 
the  core.  The  thickness  of  the  strip  of  copper 
forming  the  coils  is  greater  at  the  point  H than 
nearer  to  the  magnetic  fields  K K,  the  number  of 
convolutions  at  each  place  being  inversely  as  the 
thickness.  The  commutator  bars  are  merely  pro- 
longations of  the  main  bars,  but  the  more  usual 
arrangements  may  be  adopted  in  this  particular. 
The  other  end  of  each  of  the  main  bars  is  metalli- 
cally connected  to  the  diametrically  opposite  bar, 


but  when  great  electromotive  force  is  retjuired  the 
Hefner  Alteneck  method  of  connection  may  be 
adopted.  Figs.  2 ami  .‘1  show  another  form  of 
generator.  This  consists  of  a wooden  disc  A 
with  projecting  wood  teeth  /,  mounted  on  an 
axle  B.  A fiat  or  square  strip  of  wire  C, 
bent  I'ound  the  teeth,  with  its  ends  carried 
to  the  axis,  is  fastened  to  the  disc  in  the  fol- 
lowing manner : A sufficient  number  of  notches 

are  cut  across  the  edge  of  the  disc  to  receive 
the  bends  of  the  conductor.  This  being  placed 


in  position,  wooden  pins  D are  then  laid  in 
the  notches  over  the  conductor,  and  a wire  E is 
passed  two  or  three  times  round  the  edge  of  the  disc 
to  press  the  wooden  pin  into  the  notch.  This  genera- 
tor is  adapted  forproducing  alternating  currents,  the 
magnetic  fields  by  which  the  radial  portions  of  the 
moving  conductors  are  excited  being  produced 
either  by  permanent  or  electro-magnets.  When 
electro-magnets  are  used  they  are  arranged  as 
shown  in  Figs.  4 and  5,  so  that  each  straight  radial 
portion  of  the  conductor  serves  to  excite  the  soft 
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ifon  of  two  contiguous  clectro-niaguets  M M.  A 
circular  cast-iron  ring  K is  provided  having  pieces 
of  soft  iron  M holted  to  it,  and  surrounded  l)y  zig- 
zag conductors.  A separate  exciter  must  l>e  used 
with  this  generator.  Tlie  arrangement  of  dynamo 
shown  in  Figs.  1 and  2 has  the  advantage  that  there 
is  no  moving  iron  in  it  and  no  change  of  polarity. 
An  alternative  plan  substitutes  for  the  binding 
cords  a composite  cylinder  formed  of  thin  flat  iron 
rings  insulated  from  each  other  and  bolted  together. 
The  interior  magnet,  which  corresponds  to  M', 
Fig.  1,  is  flat  instead  of  circular,  and  is  situated  dia- 
metrically within  the  copper  bars.  The  part  that 
corresponds  to  the  exterior  magnet  is  merely  a 
heavy  iron  armature,  or  keeper,  with  two  pole-pieces 
running  longitudinally  of  the  cjdinder  opposite  to 
the  poles  of  the  internal  magnet.  The  cylinder  or 
<lrum  maj'  be  supported  on  antifriction  pulleys  at 
different  parts  of  its  length,  and  be  driven  by  a belt 
applied  directly  to  it.  Sometimes  the  cylinder  is 
arranged  vertically  and  its  weight  is  supported  on 
a turntable. 

Current  Meters. — For  measuring  the  difference 
of  potential  between  any  two  points  in  a circuit  in 
which  a current  is  flowing  constantly  in  one  di- 
rection, an  instrument  is  employed  consisting  of 
an  annular  circular  coil  of  insulated  wire,  and  a 
system  of  magnetic  needles,  supported  by  a jewelled 
cap,  as  described  in  Specification  No.  l,.“130of  ISVfi, 
and  carried  in  a suitable  frame,  which  is  also  pro- 
vided with  a light  index  moving  over  a horizontal 
scale.  The  needle  and  index  are  enclosed  in  a box 
which  can  be  moved  along  parallel  to  the  axis  of 
the  coil  to  vary  the  sensibility  of  the  instrument. 
The  scale  is  so  divided  that  the  numbers  are  pro- 
portional to  the  tangents  of  the  angles  of  deflection. 
Over  the  box  there  is  placed  a semicircular  perma- 
nent magnet,  in  such  a position  that  the  line  joining 
its  poles  is  horizontal  and  parallel  to  the  plane  of 
the  coil,  and  passes  through  and  is  bisected  by  the 
magnetic  axis  of  the  needles.  When  the  current 
would  produce  a deflection  greater  than  the  range  of 
the  instrument,  a counteraeting  force  is  applied  by 
means  of  a bar  magnet  with  its  axis  in  the  same 
plane  as  the  axis  of  the  coil.  Wlien  currents  are 
to  be  measured,  and  not  potentials,  a coarse  coil  is 
substituted  for  the  fine  one.  The  specification  de- 
scribes such  a galvanometer  and  also  two  other 
forms.  To  determine  the  quantity  of  eleetricity 
that  has  flowed  through  a circuit  in  a given  interval, 
a reetangular  coil,  pivotted  on  knife  edges,  is  pro- 
vided with  a lever,  which  carries,  at  its  lower  end, 
a globe  situated  between  an  inclined  rotating  disc 
and  a cylinder  placed  with  its  axis  horizontal  and 
parallel  to  the  disc,  similar  to  Professor  James 
Thomson’s  disc,  globe,  and  cylinder  integrator. 
The  disc  is  driven  by  clockwork,  and  imparts  more 
or  less  of  its  motion  to  the  cylinder,  according  to 


the  position  of  the  globe.  To  insure  the  prime 
mover,  which  drives  the  dynamo,  receiving  the 
proper  amount  of  actuating  fluid,  a weighted 
pulley  is  jilaced  in  a frame,  so  that  it  rides  on  the 
driving  belt,  and  according  to  the  tightness  or 
slackness  of  the  belt  the  pulley  rises  and  falls,  and 
in  so  doing  opens  or  closes  the  throttle  valve  of  the 
motor.  For  measuring  the  speed  of  dynamos,  one 
or  more  cantilever  springs  are  placed  on  the  shaft 
parallel  to  the  axis,  and  under  the  influence  of  cen- 
trifugal force  these  springs  bend  outwards,  and  their 
positions  are  read  off  on  a fixed  dial  marked  experi- 
mentally. Another  method  is  to  arrange  three 
cylindrical  glass  vessels  to  rotate  on  their  \ crtical 
axes  and  to  partly  fill  them  with  liquid.  The 
licpiid  assumes  a paraboloidal  form,  and  the  dis- 
tance to  which  its  upper  edge  is  raised  is  a measure 
of  the  speed.  The  three  vessels  are  geared  at  dif- 
ferent speeds,  so  that  the  instrument  will  indicate 
a large  range  of  velocities. 

5,681. — J.  Richardson,  Lincoln.  Construction 
and  Arrangement  of  Dynamo  - Electric 
Machines.  Cd.  (4  figs.)  December  "27. 

Dyn.\mo-Electric  Gexer.vtor.  — A series  of 
armatures  A B,  at  right  angles  to  each  other,  are 
so  arranged  in  connection  with  field  magnets  C D, 
that  one  set  is  at  the  point  of  maximum  intensity, 
while  the  other  is  at  the  point  of  minimum  in- 
tensity, and  as  one  increases  in  intensity  the  other 


diminishes  in  the  same  ratio,  the  sum  of  the  two 
producing  a constant  strength  of  current.  Six 
pairs  of  armatures  with  their  corresponding  field 
magnets  are  shown  in  the  drawings.  G is  a com- 
mutator of  ordinary  construction.  Tlic  armature 
coils  may  be  coupled  up  as  desired. 

5,687. — C.  A.  Carus-Wilson,  I.ondon.  Con- 
trolling and  Regulating  the  Production 
and  Distribution  of  Electricity.  8d.  (18 

figs. ) December  ‘27. 
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Distributing  Currents. — This  invention  relates, 
firstly,  to  a means  of  supplementing  the  action  of 
the  governor  of  a steam  engine  driving  electric 
generators,  so  as  to  keep  a constant  electromotive 
force  in  the  mains.  A weight,  arranged  to  act 
upon  the  governor  as  it  rotates,  is  under  the 
control  of  two  electro-magnets  or  solenoids,  one 
to  apply  the  force  and  another  to  take  it  off.  The 
magnets  are  brought  into  action  by  currents 
which  are  established  or  interrupted  bj'  a gal- 
vanometer needle.  When  the  electromotive  force 
is  of  the  desired  degree,  the  needle  is  stationary 
between  two  stops,  the  weight  keeping  the  governor 
down  a little,  so  that  when  the  electromotive  force 
rises,  the  needle  is  deflected  against  one  of  the  stops, 
making  circuit  through  one  of  the  magnets  and 
raising  tlie  governor  balls.  If  the  electromotive 
force  fall,  tlie  opposite  will  happien.  a is  a solenoid 
having  a core  b,  of  which  the  shaded  portion  is  of 
iron  ; c is  a pointer  connected  to  the  core  and 
vibrating  between  two  stop  pins.  When  the 
pointer  touches  one  of  the  stops,  it  make  a connec- 
tion through  one  of  two  solenoids,  which  tends  to 
raise  or  depress  the  governor  balls  as  the  case  may 


be.  Instead  of  acting  on  the  throttle  valve,  the 
solenoids  may  throw  wheels  in  or  out  of  gear  to 
vary  the  expansion  gear  of  the  engine.  The  inven- 
tion relates,  secondly,  to  regulating  gas  engines,  by 
causing  the  action  to  which  the  impulse  is  due,  to 
put  a certain  resistance  in  the  circuit,  or  in  the 
generator,  so  that  while  the  speed  is  above  the 
normal,  owing  to  the  sudden  impulse,  a resistance 
is  in  circuit  which  keeps  the  electromotive  force  in 
the  main  down,  and,  as  the  extra  speed  diminishes, 
this  resistance  is  withdrawn.  One  method  of  effect- 
ing this  is  by  a rotating  porcelain  cup,  containing 
mercury,  with  a carbon-rod  projecting  down  its 
centre  line  into  the  mercury.  The  rotation  causes 
the  mercui’y  to  assume  a paraboloidal  form  and  con- 
sequently more  or  less  of  the  length  of  the  carbon 
rod  is  put  in  circuit.  Besides  employing  a resistance, 
an  opposing  electromotive  force  may  be  brought  into 
play  by  the  increased  current  wliich  is  the  result  of 
a variation  in  speed.  In  the  field  magnet  circuit 
of  the  generator  a small  electric  motor  is  placed, 
so  that  the  whole  of  the  exciting  current  goes 
through  it.  This  motor  drives  a fan  or  brake  “ set 
for  a certain  number  of  revolutions.”  “If  from 
any  cause  tlie  electromotive  force  of  the  machine 
rises,  it  drives  the  motor  faster,  thereby  increasing 


the  opposing  electromotive  force  and  keeping  down 
the  exciting  current.  This  method  may  be  em- 
ployed also  to  regulate  the  electromotive  force  in 
the  circuit  of  a single  lamp,  or  a series  of  lamps, 
and  also  to  rotate  the  lamps  themselves.  Further- 
more, in  order  to  obtain  a constant  electromotive 
force  in  the  main  circuit,  secondary  batteries  are 
so  arranged  that  when  charged  to  a certain  degree 
the  circuit  is  broken,  so  that  the  generating 
machine  ceases  to  charge  the  batteries,  and  no 
current  can  flow  back  from  the  batteries  to  the 
generating  machine.  When  circuit  is  again  made 
through  the  batteries,  the  current  will  flow  at  the 
required  electromotive  force,  and  the  generating 
machine  will  recommence  charging  the  batteries. 
By  such  means  apparatus  can  be  constructed 
analogous  to  a hydraulic  accumulator,  or  to  a gaso- 
meter. Batteries  are  charged  through  a kind  of 
electric  valve,  so  that  the  current  can  pass  forwards 
but  not  backwards.  In  one  apparatus,  a commu- 
tator or  switch  is  turned  by  a solenoid  core,  working 
against  a spring,  so  as  to  make  and  break  the  generator 
circuit  according  to  the  condition  of  the  secondary 
batteries.  To  show  to  what  extent  the  secondary 
batteries  are  charged,  a small  secondary  battery 
has  its  two  plates  plunged  into  two  cells  separated 
by  a porous  diaphragm,  and  connected  by  an  ex- 
ternal pipe  filled  with  the  fluid  element,  and  con- 
taining at  some  point  a screw  or  paddle  wheel 
provided  with  counting  mechanism.  When  a cell 
is  being  charged,  the  liquid  in  one  tends  to  rise 
Avith  a force  proportional  to  the  strength  of  the 
current,  but  since  the  two  partitions  are  connected 
by  an  external  pipe,  the  liquid  flows  through  the 
pipe  and  actuates  the  counting  mechanism.  As 
the  battery  is  discharged,  the  action  is  reversed, 
so  that  the  counter  always  indicates  the  amount 
of  any  charge  remaining.  The  invention  also  in- 
cludes apparatus  for  enabling  the  engineer  to 
make  and  break  any  circuit,  at  any  position,  with- 
out having  the  whole  current  brought  to  a com- 
mutator close  by  him.  This  is  accomplished  by 
a solenoid  whose  core  is  pivotted  to  a spring  steel 
pawl-shaped  armature,  which  engages  with  teeth 
attached  to  a brass  wheel,  having  four  segments  of 
insulating  material,  and  against  which  the  ends  of 
the  conductor  bear  by  means  of  roller  contact.  A 
switch  is  so  arranged  as  to  cause  the  solenoid  to 
move  tlie  brass  wheel  a certain  portion  of  its  revolu- 
tion at  each  movement  of  the  switch. 

5,702.  — J.  W.  Swan,  Newcastle  - on  - Tyne. 

Sockets  or  Holders  for  Electric  Lamps. 

6d.  (.IS  figs.)  December  28. 

Incandescence  Lamps. — This  invention  relates 
to  sockets  or  holders  for  incandescence  electric 
lamps,  whereby  a lamp,  without  any  external 
fittings,  can  be  readily  attached  to  the  conducting 
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wires  anti  make  good  contact  with  them.  In  the 
first  form,  the  holder  is  provided  witli  two  hooks 
insulated  from  each  other  and  terminating  in  binding 
screws.  The  connection  between  the  lamp  and  the 
socket  is  effected  by  engaging  the  two  hooks  with 
the  two  eyedike  terminations  of  the  lampconductors, 
firm  contact  being  insured  by  a compressed  spring. 
In  the  second,  the  binding  screws  for  attachment  to 
the  conductors  are  replaced  by  circular  concentric 
contact  pieces.  In  lieu  of  the  helical  spring  en- 
veloping the  lamp  stem,  it  may  be  caused  to  act 
upon  a tube  adapted  to  the  said  stem.  An  ex- 
ample of  this  modification  is  shown  in  Figs.  1 and 


2,  in  which  the  hooks  c c'  are  connected  to  binding 
screws  on  opposite  sides  of  the  holder  ; e'  is  the 
tube  adapted  to  the  lamp  stem,  and  fitted  between 
the  body  h and  an  external  tube  /.-,  and  acted  upon 
by  a spring  e.  In  the  example,  the  hooks  c c’  are 
also  acted  upon  by  springs  P in  a state  of  tension, 
but  these  may  be  dispensed  with  if  desire.l.  As  a 
further  modification,  the  spring  e may  be  dispensed 
with,  the  body  of  the  holder  being  formed  with  a 
screw  thread,  and  the  tube  c*  with  a corresponding 
internal  thread,  so  that,  by  the  act  of  screwing, 
the  required  tension  is  placed  upon  the  hooks  and 
eyes,  and  efficient  electrical  contact  is  secured. 

5,738. — J.  G.  Lorrain,  Westminster.  Electric 
Lamps.  4d.  December  31. 

Incandescen'ce  Lamps. — This  invention  relates 
to  silvering,  coating,  or  covering  a portion  of  the 


globe  of  an  incandescence  lamp  with  a silvering 
or  I'cflecting  material. 

5,743. — G.  Pfannkuche  and  R.  E.  Dunstan, 
London.  Electrical  Resistances.  Gd.  (7 
figs.)  December  31. 

Resi.st.\nces. — This  invention  relates  to  “ im- 
proved electrical  I’esistances  in  which  the  conductor 
is  embedded  in  glass,  plaster-of-paris,  or  other  solid 
insulating  mateiial,  which  aids  in  diffusing  the 
heat  resulting  from  the  passage  of  the  cuiTent." 
The  figure  illustrates  the  invention  applicable  to  a 
lamp  ; a is  a cylinder  of  glass,  h a platinum  spiral 


traversed  by  the  current,  with  contact  pieces  e p 
communicating  with  the  central  cylindrical  cavity. 
Into  this  cavity  mercury  can  be  forced  to  any 
height,  by  a screw,  so  as  to  short-circuit  any  desired 
number  of  the  coils.  The  specification  also  illus- 
trates the  invention  applied  for  heating  purposes  to 
an  urn  and  to  a railway  carriage. 

5,751. — W.  R.  Lake,  London.  {A.  L.  Dimrlhifi, 
L.  ir.  Goks,  P.  Iliggfi,  F.  1!.  MerrvU,  II.  D. 
Peck,  and  II.  Walter,  U.S.A.)  Operating 
or  Controlling  Railway  Brakes  by  Elec- 
tricity. 6d.  (9  figs. ) December  31. 

Generator. — The  locomotive  carries  a magneto 
or  dynamo-electric  generator  and  a secondary  bat- 
tery, and  forms  one  end  of  a system  of  mains 
running  the  length  of  the  train,  having  derived 
circuits,  between  which  the  electro-magnetic  appli- 
ances for  controlling  the  brakes  are  placed. 


1882. 


14.  — A.  Mackie,  London.  Apparatus  for 
Electric  Lighting.  Cd.  (7  figs-)  January  2. 

Automatic  Switches. — The  objeet  is  to  provide 
means  whereby  an  excess  of  cuircnt,  supplied  to  a 
lamp,  may  be  shunted  to  a second,  and  even  to 
a third  lamp  or  conductor.  Fig.  1 illustrates  tlie 
invention  applied  to  lamps  arranged  in  parallel 
arc.  The  positive  conductor  is  connected  to  one 


end  of  a solenoid  or  magnet  a,  having  an  armature 
h,  whose  motion  is  controlled  by  a spring  c ; the 
other  end  of  the  solenoid  is  connected  to  a stud  di 
always  in  contact  with  the  lever  c.  The  positive 
conductors  of  the  lamps  are  connected,  respectively, 
to  the  studs  d' d-  d'-\  the  negative  conductors  being 
connected  to  a common  return.  When  the  circuit 
is  completed,  the  lever  c makes  contact,  successively, 
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with  the  studs  d-  d-\  as  the  cuiTent  inereases  in 
strength,  and  the  lamps  ()"  (j^  are  successively  in- 
cluded in  the  circuit.  In  a modification,  the 
positive  conductors  of  the  lamps  are  connected  to  a 
conductor  which  includes  the  magnet  a,  the  negative 
conductors  being  connected  to  the  studs  d’  d-  d^, 
and  the  stud  d'  to  tlie  return  lead.  Fig.  2 shows  the 
lamps  arranged  in  series.  The  construction  of  the 
magnet  and  lever  is  similar  to  that  in  Fig.  1.  The 
solenoid  a is  in  the  main  circuit,  its  inner  ter- 
minal being  connected  to  the  positive  terminal  of 
the  lamp  yh  The  negative  terminal  of  the  lamp  fy’ 
is  connected  to  the  positive  terminal  of  the  lamp 
{/-,  and  also  to  the  contact  stud  d',  and  similarly 
throughout  the  series.  All  the  studs  d'  d-  (P  tP 
are  in  contact  with  the  lever  c ; thus  the  last 
three  lamps  are  normally  short-circuited,  until  the 
movement  of  the  lever,  by  an  excess  of  current, 


breaks  the  contacts.  According  to  another  ar- 
rangement, the  magnet,  armature,  and  lever  are 
apjdied  for  throwing  extra  lamps  into  circuit  when 
the  current  is  increased.  The  device  is  applicable 
to  street  lamps,  so  that  every  other  one  can  be 
extinguished  by  lessening  the  supply  of  electricity 
from  the  central  station.  An  arrangement  is  also 
shown  in  which  there  are  five  lamps,  arranged  in 
parallel  arc,  and  four  contact  levers,  successively 
attracted  as  the  current  increases,  by  a double 
electro-magnet.  The  main  current  passes  through 
the  electro-magnet  to  a contact  stud,  connected  to 
the  first  lamp,  and  also  to  the  pivots  of  the  four 
contact  levers,  to  w'hich  the  positive  terminals  of 
the  remaining  four  lamps  are  respectively  con- 
nected ; the  negative  terminals  of  the  lamps  are 
connected  to  contact  studs  in  communication 
with  the  negative  conductor. 

*29. — D.  G.  FitzGerald,  C.  H.  W.  Biggs,  and 
W.  W.  Beaumont,  London.  Secondary 
Batteries.  2d.  January  3. 

Secoxd.\ry  B.vtteries.  — The  electrodes  are 
obtained  by  utilising  the  local  action  occurring 
between  lead  and  a metal  electro-negative  to  lead. 
A solution  of  plumbic  sulphate  in  ammonic  sul- 
phate is  used  as  an  electrolyte.  The  electrodes 
may  be  prepared  by  blowing  air,  alone  or  charged 
with  other  materials,  into  molten  lead.  The  sur- 
face of  the  plate  may  be  corrugated,  perforated. 


or  otherwise  increased,  as  described  in  Specification 
No.  5,.3.3S  of  1881. 

49. — J.  Hopkinson,  London.  Measuring  and 

Recording  Quantity  of  Electricity,  &c. 

Gd.  (8  figs.)  January  4. 

Eeectric'ity  Meters. — The  velocity  of  a centri- 
fugal governor  is  controlled  by  electrical  apparatus. 
The  governor  is  driven  by  an  electro-motor  arranged 
as  a shunt  to  the  current  to  be  measured.  The 
derived  current  passes  first  round  the  electro-mag- 
nets a,  then  by  a brush  to  the  armature,  and  thence 
by  brushes  d and  e to  an  insulated  ring,  and  by  a 
wire  to  an  insulated  ring  fixed  within  the  core  of  an 
electro  magnet  Ic,  through  the  coils  of  which  the 
current  to  be  measured  passes.  The  governor  balls 
n n tend  to  raise  the  iron  core  i,  which  revolves 
with  and  slides  on  the  motor  shaft.  This  motion  is 
resisted  by  the  attraction  of  the  core  m,  fixed  on 
the  shaft  I,  and  the  electro-magnet  h on  the  core  i. 
The  electro- magnet  h is  surrounded  by  a cylinder  of 


iron  supported  by  the  frame.  The  shunt  circuit  is 
completed  through  the  core  i,  which,  if  the  motor 
should  revolve  too  fast,  will  be  raised  and  break 
the  circuit,  reducing  the  velocity  of  the  motor, 
and  keeping  it  proportional  to  the  current  pass- 
ing through  the  coil  k.  In  modifications,  iron 
pieces  suspended  by  springs  arc  attracted  in 
opposition  to  centrifugal  force  by  the  core  i,  which 
in  this  case  is  fixed  to  the  shaft  of  the  motor,  the 
iron  pieces  serving  also  to  break  the  circuit  of  the 
motor,  or  the  motor  may  be  replaced  by  a clock- 
work arrangement,  the  speed  of  which  is  controlled 
by  the  flange  of  the  core  i coming  in  contact  with 
brake  screws.  In  another  arrangement,  the  motor 
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drives  a vertical  shaft  carrying  tlireeor  more  verti- 
cal tubes,  connected  with  each  other,  and  containing 
mercury.  A movable  coil,  turning  in  bearings  and 
carrying  a contact  piece,  is  operated  by  a stationary 
coil,  the  current  to  be  measured  passing  througli 
the  two  coils.  If  the  speed  of  the  motor  increase 
too  much,  the  mercury  is  depressed  in  the  central 
tube  and  leaves  the  contact  piece,  and  thus  lessens 
the  speed,  and  on  any  increase  of  current  both  the 
contact  piece  and  the  mercury  are  depressed.  In 
all  cases  the  motor  operates  the  counting  mechanism 
by  a worm  gearing  as  shown. 

55. — J.  Perry,  London.  Apparatus  Used  in 
the  Distribution  of  Electrical  Energy.  4d. 
January  5. 

Distributing  Currents.  — The  object  is  to 
supply  eacli  consumer  with  a current  of  electricity 
which  is  quite  independent  of  the  demand  from  and 
supply  to  other  consumers.  Supposing  (1)  that  the 
translating  devices  are  arranged  in  parallel  arc  ; it 
is  then  necessary  to  maintain  a constant  difference  of 
potential  between  the  main  and  return  conductors. 
The  current,  in  this  case,  is  furnished  to  the  mains 
by  a “series”  dynamo,  and  a magneto-electric 
generator,  or  other  apparatus  producing  a constant 
E.M.F.  equal  to  the  E.M.F.  which  should  exist 
between  the  consumer’s  supply  and  return  con- 
ductor. Tlie  two  generators  are  placed  in  series, 
and  the  speed  of  the  dynamo  is  such  that  its 
E.M.F.  is  proportional  to  the  current  circulating 
in  the  coils  of  its  field  magnets.  Instead  of 
using  a “ series  ” dynamo,  a “ shunt  ” dynamo  may 
be  employed,  in  which  case  the  magneto  generator 
will  be  introduced,  either  into  the  shunt,  which 
includes  the  field  magnets,  or  into  the  part  which 
contains  the  wire  of  the  revolving  armature,  but 
preferably  it  is  stationed  in  the  main  circuit  out- 
side the  machine,  so  that  the  current  passing  through 
it  goes  direct  to  the  supply  conductor.  Supposing 
(2)  that  the  translating  devices  are  arranged  in 
series;  it  is  then  necessary  that  they  should  all  re- 
ceive a constant  current  of  electricity,  however  the 
resistance  of  one  or  more  of  them  may  vary.  In 
this  case,  one  or  more  “shunt”  dynamos  are  com- 
bined with  one  or  more  magneto  generators  (or  other 
generator  producing  a constant  E.M.F.)  in  such  a 
way  that  either  the  circuits  of  the  field  magnets, 
or  the  armature,  or  both,  contains  a magneto  gene- 
rator. The  dynamo  should  be  driven  at  such  a 
speed  that  the  E.M.F.  produced  in  its  armature,  by 
rotation,  is  equal  to  the  current  in  the  circuit  of  its 
field  magnets,  multiplied  by  the  sum  of  the  resist- 
ance of  its  armature  and  field  magnets,  the  constant 
current  resulting  being  that  which  the  magneto 
generator  would  produce  in  a circuit  whose  total 
resistance  is  eijual  to  the  resistance  of  the  armature 
of  the  dynamo.  When  charging  accumulators. 


coupled  partly  parallel  and  partly  in  series,  by  a 
generator  arranged  according  to  the  first  system, 
the  number  in  parallel  circuits  is  diminished,  and  in 
the  second  system  the  number  in  series  is  diminished. 
This  mode  of  distribution  is  further  explained, 
in  the  specification,  by  examples  and  algebraic 
fonnuhe. 

64.  — L.  A.  Groth,  London.  (R.  J . Giilcher, 
Biala,  AuMria.)  Magneto  and  Dynamo- 
Electric  Machines.  6d.  (4  figs.)  January  5. 

Dyn.\mo  - Electric  Generator. — In  order  to 
reduce  the  heating  of  the  wire  coils,  the  armature 
is  constructed  of  a ring  M,  formed  of  laminated 
insulated  soft  iron  rings,  either  of  a wedge- 
shape  in  cross  section  (Fig.  4),  or  rectangular  at 
its  outer  part  and  wedge-shaped  at  its  inner  part 


(Figs.  2 and  .S).  The  poles  0 of  the  inducing 
magnets  have  a channel  or  U shape  cross  section, 
and  the  sides  are  of  a depth  equal  to,  or  greater 
than,  that  of  the  rotating  ring,  plus  the  coils  of  wire 
thereon.  When  the  ring  is  of  triangular  section,  the 
sides  of  the  channel  incline  inwards  (Fig.  4).  By 
this  construction,  a current  of  air  is  drawn  in  at  one 
end  of  the  polc-piece  and  driven  out  at  the  other. 

69. — E.  H.  T.  Liveing,  London,  and  C.  V.  Boys, 
Oakham.  Manufacture  of  Incandescent 
Lamps.  4d.  January  (J. 

Incandescence  Lambs. — This  relates  to  methods 
of  manufacturing  incandescence  lamps,  in  which 
the  electrical  connection  between  the  outside  wires 
and  the  carbon  filaments  is  made  by  suitably  in- 
sulated conducting  wires,  passing  through  a narrow 
tube  attached  to  one  end  of  the  globe,  into  which 
entrance  of  the  air  is  prevented  by  partly  filling  the 
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tube  with  well-boileil  pitch,  or  otlier  resinous  cement, 
wliich  will  not  give  off  sufficient  vapour  to  injure 
the  lamp.  By  this  method  the  use  of  platinum 
wires  is  avoided.  Undue  heating  of  the  cement  is 
prevented  by  employing  a considerable  length  of 
twisted  conducting  wire  between  the  filament  and 
the  cement,  and  to  these  wires  are  sometimes  fixed 
radiators,  to  assist  the  passage  of  the  heat  out  of  the 
lamp.  For  small  lamps,  capillary  coke  is  made  use 
of  for  the  conducting  element,  thickened  or  not  by 
heating  in  a hydro-carbon,  or  in  any  well-known 
way.  In  another  form  of  lamp,  where  the  fila- 
ments are  replaceable,  the  globe  is  made  with  a 
neck  sufficiently  wide  to  admit  of  the  introduction 
of  the  filament,  and  it  is  cemented  by  pitch  to  a sup- 
port forming  one  terminal  of  the  lamp,  the  other 
terminal  being  insulated  and  passing  through  it. 

*72. — R.  Kennedy,  Glasgow,  Secondary  or 
Reversible  Batteries.  2d.  January  6. 

Secondary  Batteries.  — A plate  of  clean  lead  is 
coated  with  a layer  of  lead  peroxide  or  dioxide,  and 
is  laid  in  a depositing  bath  filled  with  dilute  sul- 
phuric acid.  Over  this  another  sheet  of  lead  is 
suspended,  and  the  current  sent  through  the  two, 
so  as  to  form  a close-grained  deposit  of  spongy  lead 
on  the  lower  plate,  which  is  then  cut  up  to  suit 
the  size  of  the  cells  of  the  secondary  battery,  and 
is  painted  with  lead  dioxide  made  into  a paste 
with  water  and  glycerine.  The  plates  cut  from 
the  upper  sheet  or  plate  are  painted  with  a 
paste  of  water,  glycerine,  lead  dioxide,  and  lead 
sulphate,  and  constitute  the  other  elements  of  the 
couples.  The  plates  forming  each  element  are 
placed  with  their  prepared  sides  facing  each  other 
in  a separate  cell,  with  a sheet  of  non-conducting 
cloth  or  paper  on  them.  Plates  of  tin,  iron,  or 
other  suitable  metal  or  conducting  material,  im- 
mersed in  a suitable  acid,  may  be  used  in  lieu  of 
the  lead  plates. 

84.— W.  R.  Lake,  London.  (C.  E.  Ball,  Phila- 
delphia, U.S.A.)  Dynamo  - Electric  Ma- 
chines, 6d.  (2  figs.)  January  G. 

Dynamo-Electric  Generator. — Each  armature 
is  arranged  to  rotate  within  the  inductive  influence 
of  only  one  pole  of  a field  magnet,  the  armatures 
and  field  magnets  being  in  the  same  circuit.  Be- 
ferring  to  the  illustrations,  the  two  parallel  bars  C 
C'  are  sustained  in  the  uprights  B,  which  are 
secured  to  the  metal  bed-plate,  and  constitute  the 
cores  of  the  electro-magnets.  The  two  pole-piece.3 
C-  C’,  of  opposite  polarity,  are  fastened  to  the 
insides  of  the  armatures,  and  rotate  in  opposite 
directions,  each  in  the  inductive  field  of  one  pole- 
piece  only.  The  direction  of  the  current  is  as 


follows  : Leaving  the  commutator  F it  passes  in 

succession  through  the  left-hand  coil  and  the 
middle  coil  of  the  bur  C,  through  the  coil  c", 
through  the  external  circuit,  through  the  coils 


c'*  c‘  c"’,  by  a brush  to  the  commutator  F', 
through  the  armature  D*  by  the  other  brush  of  the 
commutator,  F‘,  to  the  brush  of  the  commutator  F, 
and  through  the  armature  D'  to  the  starting-point. 
In  a modification,  the  poles  are  of  the  same  kind, 
and  the  armatures  rotate  in  the  same  direction  on 
the  same,  or  on  separate  shafts. 

85. — W.  R.  Lake,  London.  (./.  S.  Williams, 
Riverton,  N.J.,  U.S.A.)  Machines  and 
Apparatus  for  Generating  and  Utilising 
Electricity  for  Lighting,  &c.  Is.  4d. 
(62  figs.)  January  6. 

Dynamo -Electric  Generators.  — The  gene- 
rators are  constructed  with  duplicate  armatures,  or 
duplicate  induced  faces,  one  for  positive  and  the 
other  for  negative  currents,  so  as  to  produce  con- 
tinuous currents  without  reversal  of  the  currents  in 
the  parts  of  the  generator  connected  to  the  external 
circuit.  Two  rings  of  electro-magnets  are  suitably 
supported  upon  a base-plate,  and  are  wound  in 
such  a manner  that  the  poles  of  each  ring  adjacent 
to  the  armature  are  of  the  same  kind,  the  two  sets 
being  of  the  same  or  of  opposite  polarity.  Between 
the  two  rings  of  electro-magnets  are  mounted,  on 
a shaft  rotating  in  suitable  bearings  secured  to 
the  base-plate,  two  discs  or  rings,  which  carry  the 
ai-mature  coils,  each  disc  or  ring  facing  one  set  of 
electro-magnets.  On  the  shaft  between  the  two 
discs  may  be  mounted  a coil,  wound  to  produce 
on  each  disc  a pole  of  opposite  kind  to  that  of 
the  adjacent  ring  of  electro-magnets.  In  another 
arrangement,  each  coil  of  the  armature  projects 
through  two  plates,  from  which  it  is  preferably 
insulated,  and  faces  the  two  rings  of  electro- 
magnets ; or  each  coil  may  be  divided  into  two 
parts  which  come  respectively  under  the  influence 
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of  one  or  oilier  of  the  rings  of  electro-magnets. 
In  another  generator,  the  armature  coils,  ribbons, 
or  bars,  are  moulded  upon  the  faces  of  a disc, 
■which  rotates  between  two  rings  of  field  magnets, 
or  two  such  armatures  may  each  rotate  within 
grooves  in  pole-pieces  of  the  same  polarity,  the 
pole-pieces  of  one  armature  being  of  opposite 
polarity  to  those  of  the  other.  Instead  of  coils  or 
ribbons,  each  disc  may  be  provided  with  a con- 
tinuous conducting  surface.  In  another  generator, 
the  field  magnets  are  arranged  round  the  periphery 
of  the  armature.  The  circle  of  poles  adjacent  to 
the  armature  are  of  the  same  polarity,  or  a circle 
of  poles  at  one  end  of  the  armature  may  be  of 
opposite  polarity  to  those  at  the  other.  The 
armature  consists  of  bars,  strips,  or  ribbons  ex- 
tending lengthwise  of  the  shaft.  If  the  poles 
adjacent  to  the  armature  be  all  of  the  same 
polarity,  the  bars  or  strips  are  united  to  a common 
conductor  at  each  end  of  the  armature,  or  are 
connected  alternately  at  their  ends  to  form  a single 
continuous  conductor  in  each  section.  If  the  pole- 
pieces  at  opposite  ends  of  the  armature  are  of 
opposite  polarity,  the  bar  or  strips  at  each  end  are 
connected  by  a conductor ; or  the  sections  at  one 
end  of  the  armature  are  united  with  diametrically 
opposite  sections  at  the  other  end  of  the  armature  ; 
or  one  end  of  each  section  may  be  joined  to  one  end 
of  the  adjacent  section  on  the  other  end  of  the 
armature.  The  conducting  portions  may  be  built  up 
upon  a magnetic,  non-magnetic,  or  insulating  base. 
The  coils  of  the  armature  may  be  connected  in 
series,  or  those  of  one  disc  or  set  may  be  connected 
in  series  alternately  with  tliose  of  the  other  disc 
or  set,  and  may  or  may  not  include  the  coils  of  a 
central  electro-magnet,  if  such  be  used  in  tlieir 
circuit.  In  another  method,  the  ends  of  the  difler- 
ent  coils  are  taken  to  a switch  box  and  may  be  con- 
nected up  as  required.  The  current  is  collected  by 
brushes  bearing  on  solid  conducting  rings  at  the 
ends  of  the  armature  shaft.  Several  methods  of 
forming  the  armature  are  described.  The  bars 
or  strips  of  tlie  armature  may  be  arranged  in  a 
mould  and  secured  together  by  pouring  into  the 
mould  a liquid  insulating  material  that  will 
solidify.  The  surface  of  the  conductors  adjacent 
to  the  field  magnets  may  be  covered  or  not  at 
pleasure.  The  bars  may  be  supported  in  the 
moulds  by  plates  which  are  afterwards  removed. 
In  another  metliod,  the  armature  core  is  placed  in  a 
mould  having  projections  which  come  in  close  con- 
tact with  the  core,  or  with  insulating  material 
thereon.  The  insulating  matei  ial  is  tlien  poured  in, 
and  the  coils  or  bars  are  placed  in  the  grooves 
formed  by  the  projections  on  the  core.  Tlie  con- 
ductors may  be  formed  in  a mould  so  as  to  be 
of  uniform  section  and  of  the  desired  shape.  In 
another  method,  the  core  to  be  wound  is  mountc<l 


upon  a shaft  and  enclosed  in  an  air-tight  box,  heated 
so  as  to  render  glass  or  other  insulating  substance 
sufficiently  pliable  to  be  wound  with  the  wire 
strip  or  ribbons  which  it  serves  to  insulate,  or  the 
conductor  may  be  passed  through  a bath  of  vitreous 
pyro-insulating  or  other  material.  The  conductor 
is  guided  by  fireclay,  zirconia,  or  other  suitable 
I’ollers.  The  insulating  material  employed  maj’  be 
a compound  of  salts  and  oxide  of  zinc.  For  con- 
trolling generators,  clockwork  or  other  mechanism, 
having  combined  with  it  “ circuit  makers,”  inter- 
rupting or  reversing  the  currents,  in  or  through 
batteries,  at  intervals,  is  employed,  and  may  be 
combined  with  a motor,  galvanometer,  or  measuring 
apparatus,  so  that  the  position  of  the  circuit  maker 
is  governed  by  the  strength  of  the  current.  The 
electricity  generated  within  one  battery  is  led  by  a 
suitable  conductor  to  a storage  battery,  or  is  other- 
wise utilised,  the  circuit  makers  reversing  the 
current  as  required.  The  first-mentioned  batteries 
may  be  so  arranged  that  the  mechanism,  when  the 
E.M.F.  falls  below  a given  point,  reverses  the 
current. 

95. — W.  J.  Mackenzie, Glasgow.  Electric  Lamps. 
Gd.  (8  figs.)  January  7. 

Arc  Lamps. — The  carbons  arc  fed  by  forcing 
tliem  forward  through  a ring  provided  with  internal 
projections  of  a not  readily  fusible  material,  such 
as  agate,  iron,  or  platinum,  which  projections  are 
fitted  against  the  pencils,  at  points  equidistant 
around  tlie  circumference,  and  at  that  part  where  it 
passes  from  the  cylindrical  to  the  conoidal  shape. 
Referring  to  tlie  illustrations,  it  will  be  seen  that 
each  carbon  is  supported  in  a long  tube,  and  is  held 
at  its  outer  ends  by  a metal  piston,  sliding  in  tlie 
tubes  and  urging  the  carbons,  by  means  of  a spring. 


against  three  studs  c (Figs.  3 and  4)  fixed  on  a ring. 
The  studs  of  one  ring  arc  fitted  intermediately 
between  those  of  the  other.  One  tube  or  carbon- 
holder  is  suspended  from  pivotted  links,  so  that  it 
can  be  moved  back  to  establish  the  arc.  To  efl’ect 
this  an  electro-magnet  F is  provided,  acting  upon  an 
armature  on  one  of  the  links.  'The  magnetic  attrac- 
tion is  opposed  by  a spring  and  lever  11,  the  latter 
being  so  shaped  that  the  more  nearly  the  armature 
approaches  the  magnet  the  greater  the  leverage 
through  which  the  spring  acts.  The  current  passes 
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by  one  of  the  links  to  the  ring  supporting  the  studs, 
and  thence  across  the  arc  to  the  other  ring  and  the 
electro-magnet  F,  or  rice  verxd.  AVlien  this  method 
of  regulation  is  not  sufficiently  delicate,  anotlier  is 
employed,  in  which  a small  electro-motor  is  caused 
to  rotate  in  one  direction,  or  the  other,  by  a part 
of  the  current  used  to  produce  the  light,  or  by  a 
battery,  the  current  being  directed  by  a relay  ar- 
rangement. The  motor  is  connected  either  direct, 
or  through  gearing,  to  one  of  the  carbon-holders. 
In  order  to  reverse  the  current  through  the  arma- 
ture of  the  motor,  the  brushes  are  respectively 
connected  by  conductors  to  a central  stop,  and  to 
a piece  liaving  contact  stops  on  either  side  of  the 
central  stop.  Two  arms,  carried  by  the  link,  and 
operated  by  the  magnets  F,  are  connected  re- 
spectively to  the  conductors  on  either  side  of 
the  arc,  and  make  contact  with  the  central  stop 
and  one  outside  stop,  thus  operating  the  motor  in 
one  direction,  or  with  tlie  central  stop  and  the 
other  outside  stop,  operating  the  motor  in  the  re- 
verse direction,  or  they  completely  interrupt  the 
current.  In  another  arrangement,  the  arc  is  struck 
by  the  action  of  an  electro-magnet  in  the  main  cir- 
cuit on  one  carbon-holder,  and  normally  the  electro- 
magnet F causes  the  link  to  make  a contact  and 
short-circuit  the  motor,  but  on  the  lengthening  of 
the  arc  the  contact  is  broken,  and  the  motor,  being 
thus  brought  into  the  circuit,  advances  the  other 
carbon-holder. 

120. — J.  E.  Liardet,  Brockley,  and  T.  Donni- 
thorne,  London.  Storing  Electrical  Energy. 
8d.  (4  figs.)  January  9. 

Secondary  Batteries. — The  inventors  employ  : 
(1)  Cells  packed  with  lead  shot.  (2)  Cells  filled 
with  hollow  spheres  of  lead  prepared  by  coating 
balls  of  soluble  substances,  such  as  salt,  chalk,  &c. , 
with  lead,  and  dissolving  out  the  cores.  (.3) 
Cells  filled  with  bi’oken  charcoal,  coke,  asbestos, 
&c.,  coated  with  metallic  lead.  (4)  Lead,  deposited 
from  a salt  of  lead,  such  as  the  acetate,  by  means 
of  zinc,  and  coated,  or  not,  with  any  oxide  of  lead, 
or  sulphate  of  lead.  (5)  Lead  plates  attached  to 
compressed  plates  or  cakes  of  red  lead.  Other 
cakes,  obtained  by  mixing  red  oxide,  or  other  suit- 
able salt  of  lead,  with  plaster-of-paris,  cement, 
china  clay,  or  poudered  glass,  may  be  employed. 
(6)  Finely  divided  porous  lead,  obtained  by  filling  a 
cell,  having  two  compartments  divided  by  a porous 
wall,  with  acetate  of  lead  solution,  and  immersing 
therein,  as  electrodes,  two  plates  of  zinc,  or  one  plate 
of  zinc  and  one  plate  of  lead,  encased  in  oxide  or 
sulphate  of  lead,  in  suitable  jackets,  and  as  soon  as 
the  zinc  is  dissolved  and  replaced  by  metallic  lead, 
drawing  off  the  solution  and  replacing  it  by  acidified 
water.  In  cases  where  the  cells  are  started  with 


j metallic  lead  plates,  peroxides  of  hydrogen  are 
adde<l  to  the  acid  to  assist  in  the  formation  of 
peroxide  of  lead.  In  Fig.  1,  the  terminals  A and  1> 
are  composed  of  thin  plates  of  lead  or  carlion,  sur- 
rounded by  a coating  of  finely  divided  porous  lead, 
overlaid  with  a lead  salt  and  plaster-of-paris,  in  the 
proportion  of  eight  parts  of  the  former  to  one  of  the 
latter.  Fig.  2 illustrates  a battery  having  one  termi- 
nal A made  of  sheet  lead,  encased  in  a mass  of  finely 
divided  porous  lead  D,  which  is  kept  in  place  by 
thin  folds  of  lead  foil.  The  other  electrode  B is  com- 
posed of  carbon  surrounded  by  red  lead  and  plaster- 
of-paris.  Porous  lead  may  be  obtained  direct  from 
the  lead  ore  by  treating  the  latter  with  an  acid  such 


as  hydrochloric  acid,  the  chloride  of  lead  thus  ob- 
tained being  washed,  and  then  dissolved  in  boiling 
water,  from  which  it  is  precipitated  by  scraps  of 
zinc  ; or  galena  is  first  I’oasted,  then  treated  with 
hydrochloric  acid,  and  afterwards  with  a solution 
of  brine,  from  which  the  dissolved  lead  is  precipi- 
tated by  zinc.  The  porous  lead  so  jirepared  is 
moulded  by  tlie  hands  around  a rod  or  plate  of  some 
conductor,  which  is  then  placed  upright  in  a suitable 
mould  into  which  is  poured  a mixture  of  a salt  of 
lead  and  plaster-of-paris.  The  conducting  terminals 
of  the  cells  may  be  protected  by  gutta-percha  or 
other  material.  In  the  provisional  specification  it 
is  stated  that  plates,  or  otiier  forms  of  metal, 
may  be  substituted  for  the  corresponding  forms  of 
lead,  and  that  they  may  be  coated  with  an  oxide 
of  tin. 

129. — W.  H.  Preece,  Wimbledon,  and  J.  James, 
London.  Electrically  Lighting  Railway 
Trains.  Cd.  (6  figs. ) January  10. 

Electric  Light. — The  running  axles  of  the  train 
work  a compressing  pump,  so  as  to  charge  reser- 
voirs with  compressed  air.  This  air  is  employed 


to  work  air  engines,  which  drive  dynamo-electric 
generators  to  supply  the  lamps  in  the  train.  In 
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order  to  maintain  the  lights  during  stoppage,  the 
pumping  power  and  reservoirs  are  made  of  suitable 
size  to  keep  the  generators  in  aetion  after  the  axles 
come  to  rest.  A is  the  axle  carrying  a sleeve  E, 
connected  to  it  by  a clutch.  Upon  this  are  fixed 
eccentrics  which  drive  the  air  pumps  ft  and  deliver 
air  to  the  reservoirs  H.  N is  the  air  engine  and  0 
the  ilynamo. 

130.— W.  T.  Henley,  Plaistow.  Machinery  for 
Obtaining,  Transmitting,  and  Applying 
Electric  Currentsfor  Lighting,  &c.  Is.  6d. 
(20  figs.)  .January  10. 

I)yn.\mo-Electric  Generators. — This  invention 
consists  in  the  construction  of  electrical  generators, 
in  which  the  field  magnets  are  straight,  and  are 
fixed  parallel  to,  and  symmetrically  about,  a rotating 
.shaft.  The  number  of  such  field  magnets  may  be 
two  or  more,  and  they  are  carried  in  frames  of  non- 
magnetisable  metal  attached  to  the  bed-plate  of  the 
generator.  The  armatures,  of  which  there  are 
usually  two,  are  rings  of  iron  “ having  recesses  for 
the  reception  of  coils  of  insulated  wire,”  and  are 


fixed  one  at  each  end  of  the  rotating  shaft,  so  as  to 
revolve  in  close  proximity  to  the  faces  of  the  field 
magnets.  “These  rings  and  coils  act  in  quite  a 
different  way  to  the  machines  known  as  the 
‘ Gramme  ’ or  ‘ Brush  ’ machines,  as  they  form 
distinct  electro-magnets  revolving  at  each  end  of 
the  fixed  magnets.”  The  currents  from  the  coils  on 
one  of  these  rings  are  passed  through  the  field 
magnets,  a commutator  being  used  to  make  them 


continuous,  and  the  currents  from  the  other  ring 
are  employed  in  the  outer  circuit.  The  coils  of  the 
latter  are  connected  up  in  series,  and  the  currents 
generated  within  them  are  used  as  alternate  cur- 
rents, or  are  changed  into  a continuous  current 
by  means  of  a commutator.  As  many  independent 
circuits  as  there  are  coils  may  be  supplied,  in  which 
case  the  commutator  has  the  desired  number  of 
contact  pieces  and  pairs  of  springs.  Figs.  1 and  2 
represent  a dynamo-electric  generator  with  six  field 
magnets,  constructed  in  accordance  with  this  in- 
vention. A is  the  foundation  plate,  B the  standards 
supporting  the  field  magnets,  C D are  the  revolv- 
ing rings  with  their  coils,  E the  shaft  carrying 
the  rings,  F the  commutator,  G G the  pillars  and 
springs  for  conveying  the  currents,  and  H H the 
fast  and  loose  pulleys.  The  cores  of  the  field 
magnets  may  be  of  solid  iron,  or  of  iron  tubes  filled 
with  soft  iron  wires,  or  of  cast  iron  with  the  pole- 
pieces  cast  on,  or  of  thin  plates  of  soft  iron.  The 
armature  coils  may  be  wound  on  cores  of  like  con- 
struction. The  rings  are  supported  by  arms  of 
non-magnetic  material  such  as  brass,  and  may  be 
solid  or  laminated.  In  modifications,  each  ring  is 
made  with  two  projections  of  soft  iron,  on  one  side, 
which  rotate  before  two  rectangular  field  magnets. 
The  spaces  between  the  projections  are  wound  with 
coils  of  insulated  wire,  or  projecting  pieces  are 
attached  to  the  outer  sides  and  edge  of  the  ring, 
the  pieces  being  opposed  to  the  poles  of  the  field 
magnets,  which  poles  extend  and  surround  the  ring ; 
or  horseshoe  magnets  and  a single  ring  may  be  em- 
ployed. In  another  arrangement  the  field  magnets 
and  the  armature  coils  are  fixed,  a bar  of  iron  at- 
tached to  shaft  by  non-magnetic  material  rotating 
before  the  poles  of  both.  The  bar  of  iron  may  be 
wound  with  insulated  wire,  and  the  current  pro- 
duced be  commutated  to  excite  the  field  magnets. 

Arc  Lamp. — F^g.  3 shows  an  arc  lamp  in  which 
the  carbons  are  inclined  at  an  angle  to  each  other, 
and  are  fed  downwards,  meeting  below.  The  stand 
A,  with  the  pillars  and  two  platforms  A’,  carries 
the  two  tubes  B,  through  which  the  carbons  C are 
fed  downwards  by  the  rollers  D j)rcsslng  them 
•against  the  non-conducting  rollers  E ; the  rollers 
D are  geared  together  by  two  wheels,  one  of  which 
gears  with  the  wheel  I on  the  same  .axis  as  the 
barrel  F,  round  which  a cord  is  wound  actuated  by 
the  weight  G.  To  prevent  the  carbons  running 
down  too  quickly,  the  wheel  I gciU’s  with  a pinion 
on  the  axis  of  the  wheel  •!,  and  drives  a fly  K. 
A small  electro-imagnct  in  the  main  circuit  is  em- 
ployed to  I'clcasc  the  lly  and  allow  the  carbons  to 
be  fed  forw.ard.  An  elcctro-m.agnct  M on  the  upper 
platform  causes  the  cai'bons  to  separate  at  their 
lower  ends,  and  establishes  the  arc.  The  tubes 
and  carbons  move  on  a fulcrum  formed  by  the 
rollers  L)  and  E.  Two  other  lamps  of  tliis  type, 


Abstracts  of  Patents. — 1882. 


ccxlix 


but  with  tlie  carbons  meeting  in  an  upward  direc- 
tion, are  illustrated  and  described,  as  well  as 
another  type  of  lamp  in  which  the  carbons  are 
in  the  same  vertical  line,  and  their  holders  are 
attached  to  racks  whose  motion  is  governed  by  a 
train  of  wheels,  fly,  and  electro-magnets  similar  to 
tliose  employed  in  the  lamp  first  described. 

144. — H.  J.  Haddan,  London.  (E.  Boettcher, 
Leipzhj,  Saxony.)  Secondary  Galvanic 
Batteries.  2d.  January  11. 

Secondary  Batteries. — A very  thin  plate  of 
sheet  zinc  is  immersed  in  a solution  of  sulphate 
of  zinc  (about  1 part  of  the  sulphate  to  3 parts  of 
water)  forming  the  cathode.  Thin  lead  foil  folded 
lengthwise,  previously  dipped  into  an  aqueous  emul- 
sion of  pure  litharge  and  coated  with  a thick  layer 
of  the  litharge,  forms  the  anode.  On  the  passage  of 
a current,  pure  zinc  is  deposited  on  the  zinc  plate, 
and  the  litharge  is  oxidised  to  peroxide  of  lead.  By 
closing  the  circuit  of  the  cell,  the  deposited  zinc  is 
re-dissolved,  and  the  peroxide,  and  also  a layer  of 
the  oxide  of  lead,  is  reduced  to  metallic  lead.  By 
alternately  charging  and  discharging  the  cell  for  a 
few  times,  the  cell  will  be  rendered  ready  for  use. 

157. — G.  Hawkes,  London.  Apparatus  for  Elec- 
tric Lighting.  8d.  (11  figs.)  January  11. 

Arc  Lamps. — The  arc  is  struck  by  means  of  an 
electro-magnet  arranged  in  the  main  circuit  and 
actuating  the  upper  carbon-holder.  The  lower  car- 
bon-holder is  fed  upwards  by  weights,  its  motion 
being  controlled  by  a piston  working  in  a cylinder 
containing  a suitable  fluid,  and  by  a clutch  arrange- 
ment operated  by  an  electro-magnet  placed  in  a 
shunt  across  the  arc.  Fig.  1 is  a vertical  section, 
and  Fig.  2 a sectional  plan  taken  immediately 
below  the  plate  A'.  The  frame  of  the  lamp  con- 
sists of  three  metal  base-plates  A,  A’,  and  A-, 
rigidly  connected  by  vertical  stems  A®,  A^,  and  A®. 
The  stem  A^,  which  is  in  connection  by  the  terminal 
below  with  the  positive  conductor  from  the  gene- 
rator, is  insulated  from  these  metal  plates,  and  the 
stem  A"*,  which  is  in  connection  with  the  negative 
conductor  through  the  plates  A,  A',  is  insulated 
from  the  upper  plate  A^  only.  This  plate  supports 
the  mechanism  for  striking  the  arc  and  regulating 
the  advance  of  the  upper  carbon  C and  holder  C, 
while  the  plate  A supports  the  mechanism  for  re- 
gulating the  advance  of  the  lower  carbon  D and  its 
holder  D’.  This  carbon  traverses  a long  tube  B, 
pendent  from  the  bottom  of  the  lamp,  and  prolonged 
at  B^  by  a reseiwoir  of  liquid  into  which  a piston  de- 
scends. When  the  current  is  switched  on  thelamp,  it 
passes  by  the  stem  A®  and  terminal  g to  the  electro- 
magnet G,  and  thence  by  another  terminal  to  the 
plate  A^,  which  is  in  metallic  contact  with  the  car- 


bon Cb  It  then  traverses  the  carbons  and  completes 
its  circuit  through  the  lower  holder  D'  and  the 
plates  A*  A.  In  traversing  the  double-coiled  electro- 
magnet G,  it  attracts  the  armature  G’,  and  thereby 


separates  the  upper  carbon  from  the  lower  and  forms 
the  arc.  In  order  to  give  a regular  feed  to  the  upper 
carbon,  a coiled  spring  H surrounds  the  upper  part 
of  the  carbon-holder  C’  and  is  retained  between  two 

kk 
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collars  h A',  which  also  suirouiul  the  carbon-holder. 

The  lower  collar  li  is  suspended  from  the  guide  frame 
by  means  of  pendent  rods  wliich  pass  freely 
through  the  head  of  the  guide  frame,  and  are  each 
provided  with  a head  to  take  a bearing  on  the  guide 
frames.  The  upper  collar  A'  is  attached  to  a pair  of 
guide  rods,  which,  after  passing  up  through  the  guide  ! 

frame  C'^,  are  connected  together  by  a crosshead, 
upon  which  bears  a screw  I,  acting  upon  a spring, 
which  determines  the  position  at  which  the  upper 
carbon  will  come  to  rest.  On  the  strength  of  the 
main  current  decreasmg  through  a lengthening  of  ' 
the  arc,  the  spring  comes  into  action,  and  forces  the  t 
armature  and  carbon-holder  downwards,  until  its  ! 
further  expansion  is  checked  by  the  pendent  collar 
h.  After  this,  the  armature  falls  by  its  own  weight, 
and  the  upper  carbon  drops  into  contact  with  the 
lower  one,  thereby  closing  the  main  circuit.  The 
electro-magnet  then  comes  into  full  play  again  j 
and  re-establishes  the  arc  as  before.  Tlie  lower 
carbon  is  advanced  to  maintain  the  arc  by  the  ' 
pull  of  two  counterweights,  the  cords  from  which 
pass  over  two  pulleys  and  are  attached  to  D’. 
This  advance  is  controlled  by  a elutch  device. 

The  carbon-holder  D’  passes  through  a hole  in  the 
plates  A'  A,  and  between  the  poles  of  an  electro- 
magnet E,  which  is  in  a derived  circuit  as 
shown  by  the  wires  W W.  Attached  to  the  ar- 
mature E’  of  this  electro-magnet  is  a gripping  piece  | 
F,  which  is  carried  by  pivot  pins  f,  and  has  an  open-  I 
ing  through  it  to  allow  of  the  free  passage  upwards 
of  the  carbon-holder  when  the  armature  E'  is  | 
attracted  by  its  magnet,  and  the  gripjiing  piece  j 
raised.  Should,  however,  the  strength  of  the  ^ 
current  in  the  electro-magnet  become  less,  owing 
to  a too  rapid  rise  of  the  carbon,  the  reacting  j 
force  of  the  spring  F'  presses  down  the  armature,  > 
and  the  gripping  piece  arrests  the  upward  motion  1 
of  the  carbon-holder,  until  the  arc  attains  its  pro- 
per length,  and  the  derived  current  in  the  electro- 
magnet E its  normal  strength.  The  lower  carbon 
is  then  unlocked  by  the  electro-magnet,  and  tlie 
carbon  advances  as  before.  The  action  of  the 
spring  Fi  is  regulated  so  as  to  limit  the  up- 
ward play  of  the  armature  E',  and  to  prevent 
its  being  drawn  to  tlie  poles  of  the  magnet.  To  i 
serve  this  double  purpose  a hollow  regulating 
screw  F^  is  provided.  On  passing  through  the 
plate  A>  this  screw  bears  on  the  coiled  spring  | 

F',  which  is  made  fast  to  the  armature  E'.  The  \ 
hollow  screw  is  tapped  to  receive  an  elongated  j 
screw  F’,  which  projects  down  through  the  coiled 
spring  so  as  to  form  a stop  to  the  rising  armature. 

By  the  adjustment  of  ±he  screw  F'^  the  force  of  the 
spi'ing  is  regulated  so  as  to  counteract  the  energy 
of  the  electro-magnet  to  any  desired  extent,  and 
the  upward  range  of  the  armature  is  properly 
limited.  The  piston  O'*  moving  in  a well  B'  of 


viscous  liquid,  such  as  glycerine  and  water,  regu- 
lates the  speed  of  advance  of  the  lower  carbon. 
The  device  employed  to  cut  a lamp  out  of  cir- 
cuit is  as  follows  : Insulated  from  the  top  plate 

A",  but  resting  on  it,  is  a strip  of  metal  K,  which  is 
in  metallic  connection  with  the  stem  A®,  and  under- 
lies one  end  of  the  armature  G’.  A similar  strip  of 
insulated  metal  Ki  is  connected  to  the  other  stem 
A^.  The  armature  G’,  at  the  parts  which  overlie 
the  strips  K K',  is  fitted  with  platinum  points. 
Whilst  the  lamp  is  in  action,  the  armature,  being 
held  up  by  the  attraction  of  its  electro-magnet,  is 
clear  of  these  insulated  metal  pieces,  but  as  soon  as 
an  undue  resistance  is  offered  to  the  main  current, 
the  power  of  the  electro-magnet  is  overcome  by  the 
spring  H,  and  the  armature  drops  down  and  short- 
circuits  the  currents  by  the  strips  K K'.  In  a 
lamp  having  two  pairs  of  carbons  one  of  the  lower 
carbon-holders  is  locked  out  of  action.  The  arma- 
ture of  the  electro-magnet  in  the  main  cireuit  is 
made  of  a cruciform  shape  and  carries  a pair  of  car- 
bon-holders. The  armature  of  the  electro-magnet 


in  the  derived  circuit  is  formed  in  two  parts,  to 
each  of  which  is  attached  a gripping  piece.  Tlie 
lower  carbon-holders  are  mounted  independently, 
and  between  them  is  a gripping  lever  free  to  rock 
vertically  on  a pin  carried  by  a bracket  bolted  to 
the  underside  of  the  lower  plate.  One  end  of  this 
lever  grips  one  of  the  carbon-holders,  and  the  other 
end  is  made  elastic  and  projects  into  the  path  of  an 
adjustable  stud  on  the  other  carbon-liolder.  This 
lever  is  held  in  operation  by  means  of  a rod  passing 
through  guide  holes  in  tlie  two  lower  plates,  but 
releases  the  earbon-holder  when  the  adjustable  stud 
conies  in  contact  with  its  elastic  end.  In  another 
arrangement,  a light  spring  attached  to  the  lower 
plate  holds  down  the  gripping-piece  by  pressing 
against  the  edge  of  the  armature  attached  to  it,  it 
being  released  by  the  attraction  on  the  armature 
when  the  first  pair  of  carbons  is  burnt  out. 

169.— H.  S.  Raison,  London.  Electro-Motors 
and  Dynamo-Electric  Machines,  &c.  8d. 
(*2  figs.)  .laniiary  T2. 

Motors. — The  field  magnets  and  armature  are 
caused  to  rotate  in  opposite  directions,  the  one  in- 
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side  the  other,  and  each  have  a globular  or  spheri- 
cal form.  The  armature  is  wound  on  a cast-iron 
core  of  oval  form  a,  having  pole-pieces  The  outer 
coil  is  built  up  of  segments  it'  v',  which  may  be 
wound  separately  before  they  are  fixed  in  position. 
The  coils  of  wire  surround  the  cores  over  its  entire 
surface  and  the  axis  of  the  coils  is  perpendicular  to 
the  axis  of  rotation.  A number  of  openings  are  left  in 
the  cores,  both  of  the  field  magnets  and  of  the  arma- 
ture, which  allow  of  the  circulation  of  air  and  lessen 


made  of  some  non-conductor.  The  commutator 
consists  of  two  complete  brass  rings,  conveying  the 
current  to  and  from  the  armature  coils,  and  two  half 
rings  conveying  the  current  from  the  armature  to 
the  field  magnets.  As  shown,  the  current  in  the 
field  magnets  is  reversed  every  time  their  poles  come 
opposite  those  of  the  armature.  The  poles  a'  may 
be  placed  at  any  other  angle  to  the  axis  of  rota- 
tion. 

Dyxamo  - Electric  Generator.  — The  inventor 
prefers  “to  make  the  portion  framing  the  outer 
hemisphere  of  a number  of  coils  arranged  around 
its  circumfei’ence  with  provision  for  fixing  if  re- 
quired ; the  commutator  would  form  a number  of 
divisions,  and  the  brushes  or  collectors  would  be 
made  to  embrace  nearly  the  whole.  When  the 
said  outer  part  is  fixed,  the  currents  may  be  taken 
off  without  the  intervention  of  a commutator,  in 
which  case  they  are  alternating.” 

*185. — H.  J.  Haddan,  London.  (A.  Mortl,  lion- 
baix,  France.)  Electric  Accumulators.  2d. 
January  13. 

Secondary  B.vtteries. — Two  metallic  blades  or 
good  conductors  are  inserted  in  a series  of  recep- 
tacles containing  water  or  other  suitable  liquid.  If 
an  electric  current  be  passed  through  these  elements, 
the  receptacles  will  be  filled  with  gas,  and  when 
this  current  is  broken,  the  gases  will  recombine  and 
give  out  an  electric  current.  The  gases  which  feed 
or  generate  the  electricity  may  be  produced  in  any 
other  known  way,  and  may  be  employed  with  in- 
creased or  diminished  pressure. 

224. — W.  R.  Lake,  London.  (T.  S.  Williams, 
Riverton,  N.J.,  U.S.A.)  Electric  Lighting 
Apparatus.  6d.  January  16. 

Incandescence  Lamps.  — For  the  filaments  of 
incandescence  lamps,  metal,  or  a metallic  alloy,  is 


deposited  upon  a base  of  zirconia,  gypsum,  lime, 
fireclay,  asbestos,  or  other  insulating  and  compara- 
tively indestructible  material,  or  upon  graphite, 
carbon,  or  the  like,  such  base  being  subsequently 
removed  if  desirable.  The  base  may  consist  of  a 
non-conducting  support  coated  partially  or  entirely 
with  a metallic  or  carbonaceous  solution  ; or  it  may 
consist  of  wire  gauze,  on  which  is  deposited  a re- 
fractory metal  or  carbon  by  immersing  it  in  a bath 
containing  in  solution  platinum,  iridium,  ruthenium, 
manganese,  or  a combination  of  these,  which  are 
electrolytically  deposed  upon  it.  If  the  support  is 
to  be  afterwards  removed,  the  metal  is  deposited 
on  one  side  only,  the  base,  which  may  consist 
of  sheet  tin  or  metallic  foil,  stamped  out  to  the 
required  shape,  being  protected  on  the  other  side 
by  a suitable  material.  The  anode  in  the  bath  may 
be  a plate  of  the  deposited  metal,  or  iron.  The 
filament  is  united  to  the  conductors  by  fusion, 
electro-deposition,  or  by  means  of  a carbon  deposit. 
The  filament,  according  to  another  method,  is 
formed  of  highly  refractory  metal,  or  alloy,  com- 
pressed between  rolls,  or  by  stamps  or  dies,  which 
give  it  the  desired  form,  the  metal  being  heated 
by  the  passage  of  a current  prior  to  or  during 
the  process,  and  the  terminals  of  the  filaments 
being  formed  of  increased  section.  The  filaments 
are  mounted  within  an  exhausted  or  other  globe  in 
the  usual  manner.  In  the  provisional  specification 
it  is  stated  that  the  electrodes  may  be  coated  with 
glass,  or  other  like  material,  by  compression  between 
rolls,  or  by  drawing  through  stamps  or  dies,  and 
bent  to  the  required  fonn  whilst  hot ; the  terminals 
project  beyond  the  glass,  which  is  united  to  the 
filament  by  the  application  of  heat. 

Candles.  — The  provisional  specification  also 
states  that  a metallic  cement  is  employed  as  an 
insulating  base  in  electric  candles,  the  candles 
being  placed  in  a transparent  chamber  having  an 
outlet  at  the  top,  the  inlet  of  air  being  prevented 
by  a valve. 

Arc  Lamps. — These  are  described  in  the  pro- 
visional specification  only.  The  electrodes  are 
mounted  one  above  the  other,  the  bottom  electrode 
being  provided  with  an  extension,  into  which  the 
upper  one  fits.  J'he  upper  electrode  will  fuse,  and 
feed  upon,  and  build  up  the  lower  electrodes,  which 
may  afterwards  serve  as  an  upper  electrode.  The 
electrodes  may  be  placed  in  a gauze,  or  grating, 
which  will  become  incandescent.  A separator, 
provided  with  a central  aperture  which  becomes 
highly  incandescent,  may  be  provided  between  the 
electrodes,  and  pulverised  or  granulated  electrodes 
may  be  fed  to  the  arc  by  a hopper. 

232.— H.  R.  Meyer,  Liverpool.  Permanent  Way 
for  Electric  and  Telephonic  Coductors. 
fid.  (10  figs.)  January  17. 
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Conductors. — The  naked  ribbons,  wires,  or  rods, 
are  embedded  in  superposed  grooved  blocks,  slabs, 
or  channels  A of  earthenware,  rendered  imperme- 
able by  immersion  in  hot  asphalte,  pitch,  tar,  or 
varnish.  The  blocks  are  tongued  and  grooved,  or 
otherw'ise  connected  end  to  end,  and  covered  with  a 
lid  ; the  naked  conductors  are  laid  in  the  grooves 
and  run  in  with  pitch  or  cement  to  insulate  them. 
The  upper  surface  of  each  block  is  formed  with  side 
ridges  on  which  are  grooves ; tongues  on  the  inside  of 
tlie  ridges  take  into  the  grooves.  The  blocks  A are 
arranged  to  break  joint  with  each  other,  and  the 
covers  to  lap-joint  with  each  other,  and  break  joint 


with  the  upper  block.  Connections  are  made  to  the 
outside  by  means  of  an  arm  R,  which  passes  through 
the  lid  or  side,  and  can  be  turned  to  point  to  any 
particular  conductor  ; it  is  formed  of  vulcanite, 
and  a tight  joint  is  made  round  it  by  means  of  a 
lead  bush.  The  joint  in  the  conductors  is  soldered, 
carefully  covered  with  india-rubber,  and  protected 
by  a funnel  slipped  over  it,  and  resting  on  the 
wooden  washer.  The  whole  is  mounted  on  a line 
of  wooden  sleepers  K,  or  on  a cement  bed.  In 
another  arrangement,  the  blocks  A are  placed  one 
above  the  other  in  a box. 

234. — W.  R.  Lake,  London.  (G.  A.  Hussey  and 
A.  S.  Dodd,  Nexo  York,  U.S.A.)  Dynamo- 
Electric  Machines.  6d.  (3  figs.)  .January  17. 

Dynamo-Electric  Generators  and  Motors. — 
The  core  A of  the  field  magnet  is  formed  in  one 
piece  and  wound  with  coils  b.  The  core  is  deeply 
indented  on  the  side  adjacent  to  the  armature,  the 
coils  being  wound  into  the  indentations,  and  the 
intermediate  parts  a'  forming  the  poles.  The 
coils  are  connected  together  in  series  (as  shown),  the 
terminals  from  the  first  and  last  coils  being  brought 
to  the  binding  posts  N N,  and,  from  the  way  in 
which  the  coils  are  coupled,  consecpient  or  alternate, 
poles  are  formed  between  them.  The  armature  is 
similar  to  the  field  magnet,  but  is  built  up  of  tliin 
plates,  and  connected  by  insulated  wires  d extend- 
ing from  the  first  and  last  coils  to  two  insulated 
metallic  rings  I)  D’,  which  rotate  in  contact  with 
the  brushes  E E'.  The  wires  a extend  beyond  tlie 
rings  I)  D',  one  to  eacli  of  tlie  two  metallic  plates 
of  a commutator  II,  to  which  the  brushes  E E'  can 
be  transferred.  The  two  plates  each  consist  of  a 
metallic  band  having  a number  of  strips  equal  to 
half  the  number  of  coils  in  the  armature  ; the  strips 
of  one  extend  between  those  of  the  other,  and  the 


brushes  bear  upon  these  strips.  The  machine  may 
be  adapted  to  produce  either  alternating  or  direct 
currents,  at  will,  as  follows  : From  the  brushes 
E E wires  e r'  extend  to  switches  K K^,  which  con- 
trol communication  between  these  wires  c c-i  and 
the  wires / /’,  leading  to  binding  posts  L Lb  From 
the  binding  post  B B wires  .7  7I  extend  to  switches 
hi  Ml ; the  switch  M controls  communication 
between  the  wire  7 and  a wire  h,  which  leads  to  the 
brush  E,  when  it  is  adjusted  to  bear  on  H.  The 
other  switch  Mi  controls  communication  between 


ing  post  Lb  A w'ire  j leads  from  the  brush  Ei  to  the 
binding  post  L.  Wires  N lead  to  the  binding  posts 
B B and  wires  0 to  the  posts  L Lb  The  wires  0 o 
may  be  regarded  as  an  outside  circuit  in  contra- 
distinction to  the  machine  circuit.  When  switches 
M Ml  are  closed,  and  K Ri  open,  the  coils  of  the 
armature  are  in  circuit  with  the  field  magnet. 
When  the  brushes  are  shifted  to  the  rings  U D',  the 
switches  M M’  are  opened  and  K K'  are  closed,  and 
the  field  magnets  are  excited  by  a current  through 
N N,  and  alternating  currents  will  be  produced. 

245. — W.  R.  Lake,  London.  {A.  de  Kliotiiish/, 
Paris.)  Apparatus  for  Regulating  Electric 
Currents,  (id.  ((i  figs.)  .lanuary  17. 

Current  Reuulators. — The  object  is  to  provide 
for  the  automatic  regulation  of  the  current  (1)  by 
inserting  as  a shunt  to  the  field  magnets  of  the 
exciter  and  generators  (or  of  the  generator  alone 
if  self-exciting)  a conductor  of  variable  resistance  ; 
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or  (2)  by  placing  a second  variable  resistance  in  the 
circuit  of  the  current  which  excites  the  field  magnets. 
Referring  to  the  illustration,  A is  the  exciter,  and 
B B the  generators.  Tlie  exciting  current  leaving  the 
brush  a divides  into  two  portions ; the  one  passing 
through  the  field  magnets  of  the  exciter  and  also 
of  the  generators,  enters  the  part  f of  the  rheostat 
C at  c,  and,  traversing  the  resisting  wire  and  con- 
ductor e,  returns  to  the  exciter  through  the  brush 
h,  and  the  second  portion  passes  through  the  other 
part  of  the  rheostat,  through  the  resisting  conductor 
coiled  on  the  insulating  cylinder  (j,  and  returns  by 
the  conductor  e and  brush  b to  the  exciter.  The 
terminals  of  the  resisting  conductor  are  connected 
respectively  to  the  axes  of  the  insulating  cylinders / 
and  g,  and  it  slides  through  a contact  plate  e,  situated 
between  the  cylinders,  and  connected  to  the  brush  h, 
and  serves  to  increase  the  resistance  in  the  exciting 
circuit  and  diminish  that  of  the  shunt  circuit,  or 
vice  vemd.  The  cylinders  / and  g are  rotated  in 
opposite  directions  by  the  pinion  h,  which  is  con- 


nected to  the  electro-motor  G.  The  current  from  the 
generators  B passes  into  the  main  heads  E F,  and 
a small  motor  K is  arranged  in  parallel  arc  to  these 
conductors.  The  current  passing  through  the  motor 
tends  to  turn  its  armature  against  the  resistance 
of  a spring  or  weight.  To  the  armature  shaft  are 
attached  two  insulated  levers  H,  whose  ends  respec- 
tively make  or  break  contact  with  four  cups  con- 
nected as  shown.  These  levers  are  connected  to 
the  brushes  of  the  motor  G.  If  the  current  be 
too  strong,  the  contacts  are  made  at  the  two 
cups  shown  on  the  right  of  the  motor  K,  and  the 
current  passing  to  the  motor  G in  a certain  direc- 
tion, it  rotates  it  and  increases  the  resistance  on 
the  cylinder  f,  and  decreases  the  resistance  on  the 
cylinder  g ; if  the  current  be  too  weak,  the  weight 
predominates,  and  the  contacts  are  made  with  two 
cups,  shown  on  the  left  of  the  motor  G,  and  the 
current  passing  to  the  motor  G in  the  opposite 
dii’ection  causes  it  to  rotate  in  the  opposite  direc- 
tion and  decrease  the  resistance  on  the  cylinder  f. 


and  increase  the  resistance  on  the  cylinder  g.  On 
the  revolution  of  the  shaft  of  the  motor  K,  a circuit 
is  completed  to  the  electro-magnet  L,  which  is  made 
in  the  form  of  a horseshoe,  having  its  two  arms 
hinged  together,  and  carrying  on  their  inner  sides 
blocks  bearing  on  the  shaft  of  the  motor  G,  thus 
serving  as  a brake ; or  the  blocks  may  be  fixed, 
and  the  other  attached  to  the  armature  of  a horse- 
shoe electro-magnet.  In  other  arrangements,  the 
rheostat  is  dispensed  with,  the  shaft  of  the  motor 
h carrying  a lever  to  which  is  attached,  at  either 
end,  a bar  dipping  more  or  less  into  acidulated 
water,  and  thus  acting  in  a similar  manner  to  the 
rheostat.  A glycerine  pump,  with  a small  aperture 
in  its  piston,  may  be  employed  to  regulate  the  move- 
ments of  the  lever. 

252. — H.  H.  Lake,  London.  (Aa  Society  Uni- 
verselle  d'Electriciti  Tommasi,  Pai-in.)  Elec- 
trical Accumulators.  6d.  (5  figs.)  January 
18. 

Secondary  Batteries. — Each  element  is  formed 
of  two  continuous  sheets  of  lead  a h,  folded  several 
times,  and  placed  in  a vessel  in  such  a manner  that 
a double  fold  of  the  one  is  always  contained  within 
a double  fold  of  the  other.  In  order  to  augment 
the  surface,  the  sheets  of  lead  are  grooved  in  the 


direction  of  their  length,  and  there  is  placed  be- 
tween the  two  adjacent  sides  of  a fold  of  the  same 
plate  a piece  of  cloth  or  millboard,  or  another  plate 
of  lead  c,  enveloped  in  lead  wire  d,  and  secured 
thereto  by  an  autogenous  welding  at  the  lower  part. 
All  the  plates  are  perforated  to  allow  of  circulation 
of  the  liquid  element. 
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Switch. — The  invention  also  comprises  a switch, 
which  permits  of  connecting,  as  desired,  the  accu- 
mulator only,  or  the  accumulator  and  the  appa- 
ratus with  the  source  of  electricity,  in  such  a 
manner  that,  in  the  first  case,  the  accumulator  is 
charged,  and  in  the  second,  the  source  of  electricity 
and  tlie  accumulator,  connected  in  series,  both  act 
upon  tlie  apparatus. 


289. — J.  Humphrys,  London.  Secondary  Bat- 
teries for  Storage  of  Electricity.  4d. 
(19  figs.)  January  20. 

Secondary  Batteries. — The  invention  consists 
in  making  the  plates  of  an  open  lattice  form,  that 
is  to  say,  the  sides  of  the  framework  of  each  plate 
are  connected  with  bars  either  of  a diamond  or  oval 
section,  these  bars  being  arranged  at  an  angle  on 
the  principle  of  a Venetian  blind,  serv'e  to  retain 


319. — J.  S.  Sellon,  London.  Construction  of 
Secondary  Batteries.  2d.  January  21. 

Secondary  Batteries. — The  supports,  retainers, 
or  frames,  in,  or  on  which,  the  active  material  is 
deposited,  are  constructed  partially  or  entirely  of 
pieces  of  metal,  carbon,  or  other  suitable  material, 
which  either  is  conductive  in  itself  or  can  be  ren- 
dered so,  or  on  to  which  strips  of  lead  or  other 
metal  can  be  fixed.  The  terminal  plates  may  be 
constructed  as  above,  or  as  described  in  Patents 
Nos.  3,926,  3,987  or  5,631,  all  of  1881. 

333. — T.  J.  Handford,  London.  {P.  B.  Delany, 
Neio  York,  U.S.A.)  Electric  Cables.  6d. 
(4  figs.)  January  23. 

Conductors. — It  is  the  object  of  this  invention 
to  interpose  a continuous  conductor  uito  the 
meshes  between  the  wires  of  a plaited  or  braided 
cable,  and  thus  eliminate  from  this  class  of  cable 
the  last  vestige  of  induction.  The  insulated  wires 
are  woven  loosely  into  a flat  braid  a a,  so  that  they 


the  spongy  lead  or  active  composition  in  place, 
thereby  exposing  a maximum  area  of  the  spongy  lead 
to  the  action  of  the  liquids.  In  Fig.  1 plates  of  oval 
section  are  shown,  and  in  Fig.  2 diamond-shaped 
plates.  In  other  forms,  the  bars  are  wedge-shaped, 
or  tapered,  or  they  may  be  arranged  in  a spiral 
frame,  or  one  above  the  other,  or  may  extend  dia- 
gonally across  the  frame. 

305. — J.  N.  Aronson,  London.  Electric  Lamps. 

6d.  (8  figs.)  January  21. 

Incande.scence  Lamp.s.- — The  globes  of  incandes- 
cence lamps  are  constructed  with  reflectors  formed 
in  or  on  the  material  of  the  globe  itself,  or  with 
prisms  or  lenses  which  form  part  of  the  globe.  The 
reflective  surface  may  be  produced  by  silvering, 
painting,  gilding,  or  enamelling  on  the  inside  or  out- 


side of  the  globe.  The  specification  illustrates 
several  forms  of  reflective  globes  suitable  for 
throwing  the  light  downwards,  as  for  domestic 
illumination,  or  to  one  side  for  use  in  theatres. 
The  figure  shows  a globe  formed  with  circular 
prisms,  the  rays  being  refracted  in  a downward 
direction. 


will  cross  and  recross,  leaving  open  meshes  between 
them.  This  plait  is  introduced  in  a flat  pipe  b,  of 
lead  or  other  ductile  metal,  and  the  tube  is  then 
passed  between  rollers  to  force  the  inner  surfaces  of 
the  tube  together  through  the  meshes  between  the 
wires. 

339. — E.  de  Pass,  London.  (B.  Abdank,  Paris.) 

Regulating  Electric  Lamps.  6d.  (4  figs.) 

January  23. 

Arc  Lamps. — Electric  lamps  are  regulated  by 
means  of  apparatus  termed  “resistance  balances,” 
which  may  be  placed  at  any  convenient  distance 
from  the  lamps.  The  figure  represents  one  arrange- 
ment. The  current  from  the  dynamo  M flows  into 
the  low  resistance  coil  A,  and  thence  to  the  lower 
carbon  of  the  lamp  L,  passing  through  the  lamp 
and  retuniing  to  the  other  terminal  of  the  machine 
by  the  route  shown.  The  high  resistance  coil  B is 
in  a shunt  circuit  between  Q and  S,  this  circuit  also 
including  a number  of  resistance  coils  R,  a part 
only  of  whioh  is  shown.  The  coils  A B are  adjust- 
able in  a graduated  slide.  An  indicator  Z,  travelling 
over  a graduated  scale,  inserts  more  or  less  of  the 
resistance  R into  the  derived  circuit  according  to 
its  position  upon  the  insulated  rod  0 O’.  The 
resistance  introduced  into  the  main  circuit  can  be 
measured  by  means  of  either  of  the  indicators  Z or 
the  movable  coils.  By  increasing  the  resistance  R 
the  core  C C is  attracted  towards  F,  while  by 
diminishing  the  resistance  the  core  moves  in  the 
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direction  of  E.  In  practice,  the  index  Z is  set  to 
show  tlie  number  of  olitns  on  its  scale  corresponding 
to  the  resistance  of  the  lamp.  Should  the  resis- 
tance of  the  arc  increase,  the  core  is  moved  towards 
E,  and  striking  the  spring  I,  breaks  contact  at  i'. 
The  lamp -regulating  bobbin  is  by  this  means  in- 
troduced into  the  derived  circuit,  and  causes  the 


release  of  the  upper  carbon.  By  giving  a very  slow 
movement  to  the  carbons,  an  almost  continuous 
regulation  can  be  obtained.  In  a modification,  the 
core,  acted  upon  by  the  two  solenoids,  is  fixed  to 
a rod  movable  on  an  axis  and  kept  in  its  normal 
position  by  two  springs.  Its  free  end  moves  over  a 
graduated  scale,  and,  at  certain  limits,  a contact  is 
made  and  the  carbon  released. 

346. — R.  E.  B.  Crompton,  London.  Electric 
Lamps,  &c.  8d.  (4  figs. ) January  24. 

Electric  Arc  Lamps. — Referring  to  Figs.  1 and 
2,  a a is  a rack  rod  acting  as  the  upper  carbon- 
holder  and  gearing  with  the  first  wheel  c*  of  a train 
of  three  wheels,  of  which  the  last  is  a smooth-sur- 
faced brake  wheel,  fitted  with  tangential  spring 
flies  d d,  which  move  outwards  against  the  brake 
e when  the  speed  is  excessive.  This  gearing  is 
carried  in  a frame  which  can  be  moved  upwards 
and  downwards  within  the  main  frame  for  a short 
distance.  The  brake  lever  e is  fitted  between  the 
cheeks  of  the  gearing  frame  at  F,  and  carries  an 
armature  e^,  which  is  attracted  by  the  feed  magnet 
C against  the  regulating  spring  f.  This  mag- 
net C is  in  a shunt  circuit,  while  the  main  magnet 
G,  which  establishes  the  are,  is  in  the  lamp  Gl- 
are circuit.  When  the  circuit  is  completed,  the 
magnet  G attracts  and  raises  the  gearing  frame,  and 
with  it  the  rack  rod  and  carbon,  and  so  establishes 
the  arc,  and  it  also  brings  the  brake  lever  within 
the  attractive  influence  of  the  magnet  C.  The 
tension  of  the  regulating  spring  is  so  adjusted  that 
while  the  arc  is  of  the  normal  resistance  the  brake 


wheel  is  kept  stationary.  As  this  resistance  in- 
creases, the  spring  is  overpowered  by  tlie  magnet, 
and  the  wheel  train  revolves  until  the  condition  of 
equilibrium  is  again  attained.  Fig.  3 shows  a 
modifieation,  in  which  the  main  magnet  G,  which 
establishes  the  arc,  is  on  an  alternative  or  cut-out 
circuit,  the  general  arrangement  of  the  lamp  being 
otherwise  the  same  ; N N is  a separate  magnet 
called  a cut-out  magnet,  having  an  armature,  which, 
when  attracted,  breaks  the  direct  circuit  through 
the  magnet  G.  The  latter,  when  in  action,  draws 
down  the  gearing  frame  so  as  to  bring  the  carbons 
into  contact,  and  when  its  circuit  is  broken,  the 
frame  is  forced  upwards,  by  a spring,  a distance 


equal  to  the  length  of  the  are.  When  the  circuit 
is  completed,  to  start  the  lamp,  the  armature  of 
the  magnet  N is  in  contact  with  the  piece  n,  and 
the  current  can  flow  through  the  magnet  G direct. 
At  this  time  it  cannot  pass  througli  N,  because 
the  arc  is  still  open  ; immediately  the  magnet  G 
brings  the  carbons  together,  so  as  to  complete  the 
circuit  through  N,  the  armature  cuts  the  magnet 
G out  of  circuit,  and  the  spring  0 lifts  the  frame 
and  establishes  the  arc.  The  lower  carbon  is  lifted 
by  a cord  and  guide  pulleys,  as  shown,  when  the 
lamp  is  intended  to  be  focussing,  or  if  alternating 
currents  are  employed,  tlie  cord  is  attached  directly 
to  the  lower  carbon.  The  specification  describes 
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the  alterations  in  the  framing  that  must  be  made 
when  tlie  lamp  is  intended  to  stand  on  a table,  as 
in  lighthouse  illumination,  the  mechanism  in  this 
case  being  placed  below  the  light.  Another  part 
of  the  invention  relates  to  a device  for  preventing 
electric  lighting  circuits  acquiring  a static  charge 
of  high  potential.  “ It  is  probable  that  this  static 
charge  is  due  to  the  fact  that  where  there  is  an 
electric  discharge  through  gaseous  media,  there  is 
an  absence  of  symmetry  in  the  behaviour  of  the 
current,  and  the  amounts  of  free  electricity  escaping 
into  the  atmosphere  are  not  the  same  for  positive 
and  negative  electricity,  so  that  there  is  a con- 
tinual tendency  to  accumulate  a charge  of  that  kind 
of  electricity  which  escapes  less  readily  than  the 
other.  ” The  remedy  for  this  consists  in  connecting 
the  circuit  by  a wire  of  high  resistance  (say  10,000 
ohms)  to  earth. 

359. — J.  N.  Aronson,  London.  Electric  Lamps. 

8d.  (24  figs.)  January  24. 

INCANDE.SCENCE  Lamps.— This  relates  to  means 
for  bringing  a second  incandescing  conductor  into 
circuit  upon  the  failure  of  the  first.  This  may 
be  effected  either  by  hand  or  automatically.  In 
the  former  case,  each  filament  in  a globe  is  pro- 
vided with  an  independent  terminal,  and  the 
lamp  socket  has  contact  pieces  connected  to  the 
positive  and  negative  conductors.  Each  terminal 
may  be  enclosed  in  a glass  tube  fused  around  it,  the 
tubes  being  then  fused  into  a mass  and  fixed  in  the 
globe,  or  the  tubes  may  pass  through  the  closed  end  I 
of  a hollow  cylinder,  or  the  conductors  may  be  passed  I 
through  a block  of  glass.  Byinserting  the  globe  neck 
into  the  socket  in  different  angular  positions,  or  to 
different  depths,  any  particular  conductor  may  be 
placed  in  circuit,  or  in  some  cases  several,  or  all  of 
the  filaments,  may  be  included  in  the  path  of  the  j 

current.  In  another  arrangement,  an  end  of  each  | 

filament  is  connected  to  a common  terminal,  and  the  j 
other  end  to  a separate  insulated  contact  piece  on 
the  outside  of  the  lamp,  situated  below  a spring  in 
connection  with  one  conductor.  A ring,  provided 
with  slots,  forces  one  spring  into  connection  with  the 
contact  plate  below,  tlie  other  entering  the  slots  in 
the  ring.  When  automatic  apparatus  is  used  to 
effect  the  change,  several  modifications  may  be 
adopted.  If  the  lamp  have  but  two  filaments,  an 
electro-magnet  wound  with  two  coils  in  opposite 
directions,  one  of  small  resistance  in  the  lamp  cir- 
cuit and  tlie  other  of  high  resistance  as  a shunt 
to  the  filament,  may  be  employed  to  attract  an 
armature  when  one  filament  gives  way,  and  in  so 
doing  to  complete  the  circuit  to  the  second  filament, 
or  to  cut  the  low  resistance  coil  out  of  circuit.  One 
coil  may  be  replaced  by  a spring,  or  by  a polarised 
armature,  or  by  both.  When  there  are  more  than  two 
filaments,  the  magnet  may  be  wound  differentially, 


and  work  a circular  contact  breaker,  after  the  man- 
ner of  a make-and-break  device.  If  the  magnet  be 
not  powerful  enough  for  this,  a coiled  spring  may  be 
added,  and  be  controlled  by  the  magnet  acting  on  an 
escapement.  W hen  several  lamps  are  arranged  in 
series,  a differential  system  is  adopted.  There  is 
combined  with  one  terminal  of  each  filament  an 
armature,  provided  with  a spring  capable  of  holding 
it  in  two  positions,  like  the  blade  of  a pocket  knife, 
either  in  contact  with,  or  a short  distance  from,  the 
magnet.  The  first  filament  is  connected  directly  to 
the  conductors,  and  a shunt  circuit  is  made  round 
it,  which  includes  the  second  filament  and  a magnet 
coil  of  high  resistance.  When  the  first  filament  fails, 
an  increased  current  passes  through  the  shunt,  and 
j causes  the  magnet  to  attract  its  armature,  which 
I comes  up  against  a contact  piece,  and,  cutting  the 
i coil  out  of  circuit,  affords  a direct  path  from  the  cur- 
I rent  to  the  filament.  The  third,  fourth,  and  fifth 
filaments  are  similarly  respectively  connected  to  the 
second,  third,  and  fourth  filaments.  Another  method 
is  to  connect  the  positive  terminal  of  the  first  fila- 
ment to  the  leading  wire,  and  to  put  it  in  communi- 


cation with  a spring  forming  part  of  a shunt  circuit 
through  the  second  filament.  Between  the  spring 
and  the  terminal  of  the  second  filament  there  is 
interposed  a high  resistance,  of  such  a nature  that, 
when  the  first  filament  fails,  and  the  greater  part 
of  the  current  traverses  the  said  high  resistance,  it 
will  melt,  and  allow  the  spring  to  move  and  make 
good  metallic  contact  with  the  terminal.  The 
spring  may  be  made  of  two  metals  of  different  ex- 
pansibility. The  third  terminal  is  connected  to  the 
second, and  the  fourth  to  the  third,  in  asimilar  way. 
The  illustration  shows  the  socket  of  a lamp  arranged 
according  to  this  plan.  The  positive  end  of  each 
filament  is  connected  to  a spring  1 1 , which  has  a ten- 
dency to  press  against  the  contact  G,  but  is,  unless 
tlie  filament  has  come  into  action,  held  back 
by  a tie  of  fusible  metal,  connected  at  the  other 
end  to  the  conductor  J.  'When  a filament  fails, 
the  armature  of  tlie  clectro-magiict  comes  away  and 
makes  contact  at  E,  by  which  means  the  current  is 
sent  through  one  of  the  ties  J,  anil  melting  it,  a new 
contact  is  established  at  G,  putting  a fresh  filament 
into  circuit,  and  attracting  the  armature  afresh. 
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361. — W.  R.  Lake,  London.  (II.  A.  Clark,  lioxton, 
U.S.A.)  Electrical  Conductors  or  Cables, 
(id.  (11  figs.)  January  24. 

CoNDtJCTOKS. — One  object  of  this  invention  is  to 
prevent  inductive  action  between  the  different 
conductors  of  a series  lying  adjacent  to  each  other. 
The  insulated  conducting  wires  are  laid  side  by  side 
upon  a sheet  of  conducting  material ; or,  if  preferred, 
the  conducting  material,  with  the  series  of  insulated 
conductors,  may  be  rolled  up  into  a tubular  form, 
when  the  external  conducting  material  will  also 
serve  to  protect  the  insulated  conductors  from  in- 
jury. Several  concentric  layers  may  be  employed 
to  form  a compact  cable,  in  which  case  the  tubular 
conducting  material  on  both  sides  of  the  wires  will 
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co-operate  to  divert  the  inductive  effect  of  the  cur- 
rents flowing  through  them.  To  still  further  neu- 
tralise inductive  action,  the  wires  are  crossed  at 
intervals.  Another  object  is  to  maintain  the  central 
position  of  the  conductor,  in  insulated  wires,  during 
the  process  of  vulcanising.  To  effect  this,  a vul- 
canising chamber  A is  employed,  having  steam  pipes 
B B running  through  it.  D D are  moulds,  each  in 
two  parts,  one  shaped  to  receive  a round  cable,  and 
the  other  a cable  in  the  form  of  a flat  belt  or  band, 
G G.  The  moulds  run  in  the  direction  of  the  length 
of  the  oven,  and  pass  through  an  opening  E in  each 
end  F,  and  project  as  shown.  The  vulcanising  pro- 
ceeds in  the  usual  manner,  successive  portions  of  the 
cable  being  brought  under  the  action  of  the  oven. 

377. — Sir  C.  T.  Bright,  London.  Electric 
Lamps.  6d.  (6  figs.)  .January  25. 

Arc  Lamps. — Two  electro-magnets  are  employed 
for  separating  and  regulating  the  carbons.  One  end 
of  the  first  strikes  the  arc,  and  its  other  end  actuates 
an  armature,  by  which  the  second  electro-magnet  is 
short-circuited,  or  its  effect  otherwise  neutralised 
for  a short  interval  of  time.  This  second  electro- 
magnet regulates  the  feed  by  means  of  clips,  which 
hold,  or  release,  the  upper  carbon-holder  when  ne- 
cessary. The  first  electro-magnet  is  placed  by  pre- 
ference in  a shunt  circuit.  The  detail  of  this  lamp 
will  be  understood  from  the  illustrations.  In  Fig.  1 


a a are  the  poles  of  an  electro-magnet  in  the  main 
circuit,  wound  with  large  wire  ; 5 is  a ring-shaped 
armature  fixed  to  the  slide  rods  c c,  which  pass 
through  the  frame  of  the  upper  part  of  the  lamp,  and 
carry  at  their  lower  ends  the  plates  il  d,  which,  in 
turn,  support  the  pivotted  axles  e e of  the  two  levers 
/.  These  levers  carry  at  their  other  ends  two  arma- 
tures ; h h are  electro-magnets  of  high  resistance, 
comprised  in  a circuit  shunting  the  arc.  When  the 
current  passes  through  both  circuits,  h is  attracted 
and  the  sliding  frame  is  raised  ; at  the  same  time 
<j,  being  attracted  by  the  poles  of  h h,  one  of 
which  is  shown  at  i,  grips  the  carbon-holder  j j 
I by  the  jaws  of  f,  and  rises  with  it ; k is  an  arma- 
ture fixed  to  the  contact  lever  I (see  Fig.  2) ; m m 
are  two  poles  of  the  electro-magnets  h h,  which 
attract  the  armature  k,  and  thereby  make  contact 
betw'een  I and  n,  wdienever  the  resistance  of  the  arc 
circuit  increases,  and  more  current  in  consequence 
passes  through  h h;  I and  n are  respectively  con- 
nected to  the  ends  of  the  coils  h h,  which,  thus  being 
1 cut  out  of  circuit,  cease  to  attract  f),  and  the  carbon- 

J holder  is  then  free  to  fall.  The  lever  I,  however. 


immediately  returns  to  its  place  of  rest,  and  the 
jaws  again  grip  the  carbon-holder,  this  intermittent 
action  being  repeated  until  the  necessary  feed  is 
effected  ; adjustable  soft  iron  pole-pieces  enable  the 
action  of  the  lever  I to  be  regulated  to  correspond 
with  the  best  conditions  of  resistance  for  the  arc. 
The  upper  carbon-holder  is  hollow,  and  contains 
glycerine,  or  other  suitable  fluid,  and  a piston  at- 
tached to  a suitable  guide  w'orks  within  it.  Where 
extreme  regularity  is  needed,  the  fluid  preferred 
is  mercury,  which  is  also  made  to  effect  the  electrical 
I connection  to  the  carbon  electrode,  at  the  same  time 
j constituting  an  adjustable  resistance,  wdiich  compen- 
I sates  for  the  diminishing  resistance  of  the  carbons 
I as  they  consume.  A braided  copper  wire  is  used  to 
■ connect  the  carbon-holder  when  a non-conducting 
' fluid  is  used.  A rack,  gearing  into  clockwork  me- 
chanism, may  be  substituted  for  the  fluid.  The 
i relay,  by  w’hich  the  carbons  are  separated,  may  be 
placed  at  one  end  of  the  coil  which  regulates 
the  feed.  Solenoids  may  replace  the  electro-mag- 
nets. The  separation  of  the  cai  bons,  in  this  case,  is 
effected  by  the  lower  carbon  being  drawn  dow'u 
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through  the  lower  solenoid,  the  lower  end  of  which 
actuates  a movable  armature  similar  to  h ; or  both 
solenoids  are  placed  in  the  upper  part  of  tlie  lamp, 
the  upper  carbondiolder  being  sunoundcd  by  an 
iron  sleeve,  passing  into  the  first  solenoid,  and  con- 
nected by  non-magnetic  metal  to  a soft  iron  rod 
entering  the  second  solenoid  ; or  one  electro-magnet 
or  solenoid  only  may  be  used. 


386. — W.  T.  Henley,  Flaistow.  Cores  for 
Telegraph  Cables,  &c.  6d.  (1  fig.) 

January  26. 

Conductors. — These  improvements  refer  to  the 
construction  of  a core  with  multiple  conductors, 
which  may  be  used  at  will  for  a number  of  circuits, 
or  for  a few,  or  as  one  only.  As  shown  in  the  draw- 
ing, the  conductors  are  first  insulated  separately,  and 
are  then  all  enclosed  in  another  coat  of  insulating 
material,  and  sheathed  with  yarn  and  wires,  or 


surrounded  with  strong  Manilla  or  Kussian  hemp, 
or  other  fibrous  material,  laid  round  the  coi-e  in  long 
spirals,  and  then  sheathed  in  galvanised  steel  wire, 
and  finally  “covered  with  tape  or  yarn,  and  com- 
pound in  the  ordinary  way.”  All  the  separate 
cores  may  be  enclosed  in  one  exterior  coat  of  insu- 
lating material. 


392. — W.  P.  Thompson,  London  (Union  Ehctric 
Manufacturin<j  Company,  New  York,  U.S.A.) 
Obtaining  Light  by  Electricity,  &c.  6d. 

(2  figs.)  January  26. 

Arc  Lamp. — The  upper  carbon  C-  is  carried  by 
a rack,  which  gears  with  a pinion  D'  upon  a shaft 
to  which  is  also  fixed  the  hollow  drum  I)-.  Upon 


the  same  shaft,  an  arm  is  loosely  pivotted,  carrying 
the  bent  armature  A at  one  side,  and  the  clamp 
shoe  S at  the  other.  M is  a differential  imagnet. 


with  pole-pieces  R'  K-.  When  the  circuit  is  com- 
pleted, the  magnet  attracts  the  armature  A,  and 
causes  it  to  rotate,  and  at  the  same  time  the  shoe  S 
is  carried  round  and  outwards,  until  it  jams  itself 
against  the  inside  of  the  drum  D-,  causing  it  to 
rotate,  and  raise  the  upper  carbon  by  the  rack  and 
pinion,  thus  establishing  the  arc.  As  the  resistance 
of  the  arc  increases,  the  armature  moves  back 
gradually,  until  it  attains  a point  where  the  shoe 
loses  its  hold,  and  then  the  drum  rotates  and  the 
rack  runs  down  until  the  arc  is  readjusted.  The 
lamp  is  adjusted  by  means  of  the  stop  P projecting 
radially  from  an  axle,  and  against  which  the  lever 
is  pulled  by  the  spring  G,  the  stop  P determining 
the  position  at  which  the  shoe  S will  act. 

441. — C.  F.  Varley,  London,  and  W.  Judd, 
Penang,  Straits  Settlements.  Electric  Rail- 
ways. 4d.  January  28. 

Conductors. — The  conductor  is  laid  in  a groove 
in  sleepers  impregnated  with  paraffine,  wax,  ozo- 
kerit,  bitumen,  or  other  suitable  substance,  in  the 
ordinary  manner.  The  sleepers  are  partially 
covered  by  guard  plates.  The  rails  may  be  used  as 
the  conductor,  in  which  case  they,  as  well  as  the 
fishplates  and  bolts,  are  galvanised.  The  groove  in 
the  sleeper  is  closed  by  a waterproof  insulating 
band.  “Through  this  band  there  are  conducting 
bolts  which  connect  the  conductor  with  the  contact 
roller  or  wheel,  when  the  wheel  traverses  over  and 
depresses  the  band.  The  space  between  the  insu- 
lating band  and  the  sleeper  is  sometimes  filled  with 
petroleum,  or  other  insulating  material.”  The 
metals,  rollers,  or  wheels,  are  insulated  at  the  sides, 
and  are  mounted  on  a jointed  axle.  “ A reversing 
commutator  in  the  car  enables  the  dri\'er  to  go 
either  forward,  or  if  in  motion  to  stop,  or  go  back- 
wards.” 

454. — G.  and  E.  Ashworth,  Manchester.  Me- 
tallic Brushes,  &c.  4d.  January  30. 

Gener.\tor. — The  pins  or  wires  of  a hair  brush 
are  connected  to  an  electric  generator. 

*493. — C.  J.  Allport,  London.  Preparation  of 
Asbestos  as  an  Insulating  Material.  2d. 
February  1. 

Insulating  Material. — The  asbestos  is  incor- 
porated with  black  wax  obtained  from  ozokerit, 
solid  paraffine,  or  other  suitable  hydro-carbon,  and  is 
pressed  into  heated  moulds,  and  then,  if  necessary, 
passed  through  hot  rollers.  Sulphur,  or  other  suit- 
able hardening  material,  may  be  introduced. 

497.  -G.  Little,  Passaic,  N.J.,  U.S.A.  Electro- 
Magnets  and  Armatures,  &c.  (id.  (8  figs.) 
February  1 . 
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Electro-Ma(!Netio  Motor. — The  object  of  this 
invention  is  to  utilise  magnetic  force,  without  de- 
stroying contact  betw'een  the  magnetic  pole  and 
armature,  and  this  is  effected  hy  giving  the  latter  a 
rolling  motion  “ wdierehy  the  metallic  surfaces  of 
the  poles  are  brought  into  actual  contact  for  obtain- 
ing the  maximum  magnetic  force,  and  the  magnet- 
ism is  neutralised,  or  partially  or  entirely  reversed, 
as  the  rolling  armature  passes  the  place  of  greatest 
magnetic  action,  so  as  to  prevent  the  sticking  of 
the  armature  to  the  pole.”  The  figures  are  respec- 
tively an  elevation  and  section  of  “a  revolving 
magnet  with  rotating  armature  rollers.  ” “ The  mag- 
net is  composed  of  two  heads  upon  a metal  tube, 
with  a helix  wound  in  between  the  heads,”  each 
head  being  divided  up  into  “ pole-faces  ” of  a single 
or  double  V shape.  These  are  show'n  at  A A.  B is 
a cylindrical  armature,  capable  of  rotation  on  an 
axis  running  in  bearings.  The  magnet  poles  are 
placed  so  as  to  operate  progressively,  the  pole- 
pieces  of  the  magnets  1,  2,  and  .3  coming  into  action 
in  succession.  A commutator/,  with  contact  rollers 
e <j,  is  employed  to  distribute  the  currents,  and  to 
reverse  the  direction  of  rotation  ; A-isa  wheel  which 
may  be  driven  by  this  motor,  thus  adapting  it  for 


use  as  a locomotive.  When  operated  as  a stationary 
engine,  this  motor  may,  with  advantage,  be  worked 
“ m a shunt  circuit.”  Another  form  of  motor  is 
illustrated  and  described,  in  wdiich  three  cylin- 
drical armatures,  attached  to  a disc,  roll  upon  the 
poles  of  a fixed  central  set  of  electro- magnets,  and 
thereby  effect  a rotation  of  the  disc.  Rings  of 
non-magnetisable  metal  are  introduced  into  peri- 
pheral grooves  in  the  pole  faces  supporting  the 
rolling  armatures,  to  guide  the  same.  • A tubular 
shaft  may  be  provided  with  passages  for  air  to  be 
forced  through  to  keep  the  parts  cool.  The  helices 
of  the  electro-magnets  are  wound  in  the  usual 
manner,  except  that  a connection  is  made  from  about 
the  middle  of  each  helix  to  the  negative  binding 
post,  and  the  extreme  ends  are  respectively  con- 
nected to  two  spring  arms.  The  positive  terminal 
is  connected  to  a spring,  tending  to  bear  against 
the  spring  arm  connected  to  the  exterior  end  of  the 
coils,  but  acted  upon  by  a wheel,  which  has  as  many 
projections  as  there  are  pairs  of  pole  faces,  so  as  to 
make  contact  with  the  other  spring  arm  just  before 
the  annatures  reach  the  pole  faces,  and  with  the 


post,  for  a moment  only,  when  the  armatures  reach 
the  middle  of  tlie  pole  faces. 

513.— C.  V.  Boys,  Wing,  Rutland.  Electric 
Meters.  Gd.  (3  figs. ) February  2. 

Current  Meter. — Figs.  1 and  2 are  respectively 
the  side  and  back  views  of  this  instrument.  A balance 
wheel  A is  suspended  by  a long  flat  spring  B,  which 
passes  through  a slit  in  the  lever  arm  C,  which  is 
pivotted  at  e,  counterbalanced  by  a weight  C',  and 
drawn  upwards  by  an  adjustable  spring  C^.  On 
this  arm,  near  its  pivot,  is  fixed  a cylindrical  arma- 
ture D,  near  the  poles  of  an  electro-magnet  E,  whose 
coils  are  in  the  main  circuit.  D is  attracted  pro- 
portionally to  the  current  passing  through  E,  the 
arm  C being  thereby  more  or  less  depressed,  and 
shortening  to  a greater  or  less  extent  the  torsive 
length  of  the  spring  B below  the  slit  in  C,  and  thus 
more  or  less  accelerating  the  oscillations  of  the 
balance  A.  The  number  of  oscillations  of  A,  in  a 
given  time,  is  recorded  by  a counter  operated  from 
its  axis,  and  will  measure  the  quantity  of  electricity 
that  has  passed  through  E in  a given  time.  These 
oscillations  may  be  maintained  by  suitable  means,  as 


described  in  Specification  No.  4,472  of  1881.  In  the 
instrument  illustrated,  this  is  effected  by  the  elec- 
tro-magnet P acting  on  the  armature  Q.  The  coils 
of  this  electro-magnet  are  occasionally  connected  to 
the  main  circuit  by  the  action  of  a grooved  stud  on 
the  hanging  finger  n,  causing  contact  of  the  spring 
N N'  ; this  connection  is  effected  only  when  the 
excursion  of  the  stud  k is  so  much  reduced  that  the 
finger  n is  caught  and  held  in  its  groove.  To  insure 
the  starting  of  the  balance,  it  is  always  stopped  in 
such  a position  that  there  is  torsion  on  the  spring 
B.  This  is  effected  by  the  detent  lever  F having 
an  armature  6,  which  is  released  when  no  current 
passes,  thus  allowing  the  other  end  of  the  lever  to 
engage  the  ratchet  stud  H,  and  thereby  to  hold  the 
balance.  The  number  of  oscillations  is  recorded  by 
a counter,  worked  by  a spring  pawl,  attached  to 
the  bar  Q,  acting  on  a ratchet  wheel  R geared  to  the 
counter.  The  integrating  apparatus  described  in 
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Patent  No.  2,440  of  1881  might  be  applied  to  thi.s 
electric  meter,  by  making  the  axis  of  the  lever  C 
to  ser^"e  as  axis  on  which  swivels  a disc  pressing 
against  a reciprocating  cylinder,  as  described  in 
the  above-mentioned  patent. 

538. — W.  R.  Lake,  London  (/.  J.  Barrwf  and  F. 
T.  de  la  Vernide,  Paris.)  Electrical  Accu- 
mulators. (id.  (14  tigs.)  February  .3. 

Secondary  Batteries. — Lead  ribbon,  shaped 
as  shown  in  Figs.  1,  2 and  3,  is  wound  upon  itself 
in  various  forms.  Fig.  4 being  one  in  which  a 
circular  arrangement  is  chosen.  The  surfaces  of 
these  ribbons  are  separated  by  a cement,  consisting 
of  one  part  platinised  charcoal,  one  part  litharge, 
and  one  part  glycerine.  The  objects  of  employing 
the  first  ingredient  ai’e  (1)  to  prevent  the  lead 
bands  touching  each  other  ; and  (2)  to  absorb 
hydrogen.  Each  element  is  made  to  consist  of  four 
discs,  arranged  as  follows  : “ Two  discs  are  united 
with  tlie  cement  to  form  a half  element.  Each 
element  is  placed  in  a compartment  of  ebonite,  or 
other  suitable  substance,  and  is  connected  to  the 
other  for  quantity  or  tension  as  required.”  The 
elements  are  coupled  by  means  of  a tail  of  lead 


soldered  on  one  of  the  faces  of  each.  Each  half 
element  is  separated  from  its  neighbour  by  a 
layer  of  liquid,  or  by  a porous  plate,  and  in  the 
latter  case  it  is  coated  with  a layer  of  platinised 
charcoal.  The  elements  thus  constructed  are 
“prepared”  by  means  of  a bath  of  potash,  or  a 
bath  saturated  with  a neutral  acetate  of  lead.  The 
troughs  containing  the  elements  are  divided  into 
perfectly  tight  cells  by  means  of  the  elements 
employed.  Corrugated  lead  sheets  are  used  in 
another  form  of  secondary  battery,  the  corruga- 
tions being  filled  in  with  the  cement  already 
described,  and  various  arrangements  of  the  discs  or 
elements  are  mentioned  and  illustrated.  Blatinised 
pumice  or  lead,  or  any  oxide  or  salt  of  platinum, 
may  be  substituted  for  the  platinised  charcoal,  and 
any  suitable  metallic  filings  may  be  added  to  the 
cement.  A solution  of  acetate,  or  other  salt  of  lead, 
may  be  used  in  lieu  of  sulphuric  acid. 

540.— J.  D.  F.  And  rews,  (ilasgow.  Dynamo- 

Electric  and  Electro-Dynamic  Machines. 

Gd.  (ofigs.)  February  3. 

Dynamo -Electric  (Ienerator.— A wire  rope. 


wound  with  coils  E,  of  insulated  wire,  is  twisted 
helically  around  a wooden  cylinder  A,  and  rotates 
between  the  field  magnets  N S.  By  suitably  pro- 
portioning the  width  of  the  coils  to  the  diameter  of 
the  barrel,  each  coil  of  one  convolution  of  the  rope 
is  made  to  enter  and  leave  each  field,  before  the  coil 
on  the  next  convolution,  each  coil  being  connected 
to  the  commutator  plates.  “ AMien  the  commutator 
is  of  the  usual  construction,  consisting  of  plates  in- 
sulated from  each  other,  there  is  added  to  the  pair 
of  diametrically  opposite  brushes,  usually  employed, 
additional  brushes,  rubbing  on  other  points  of  the 
circumference,  so  as  to  collect  and  distribute  the 
electricity  while  the  revolving  coils  are  entering 
and  leaving  the  magnetic  fields.  In  like  manner, 
when  the  machine  has  several  sets  of  poles,  there 
are  employed  two  commutator  brushes  for  each 


pole.”  The  barrel  A is  attached  to  the  axis  B by  a 
spring,  through  which  the  turning  power  is  trans- 
mitted. When  this  power  increases,  the  spring  is 
deflected,  and  the  coils  are  angularly  displaced  as 
regards  the  commutator  plates,  or  the  armature  may 
be  fixed,  and  the  driving  pulley  rigidly  connected  to 
the  commutator,  or  may  be  connected  to  the  shaft 
through  a spring.  According  to  another  method, 
illustrated  in  Fig.  2,  a similar  residt  is  obtained  by 
driving  through  a differential  motion  consisting  of 
four  mitre  wheels.  The  brushes  arc  connected  to 
the  frame  of  the  two  intermediate  wheels,  which 
is  maintained  in  position  against  the  strain  of  the 
driving  power  by  springs  B P.  As  the  power  in- 
creases, the  springs  are  elongated,  and  the  frame 
and  brushes  slightly  rotated. 

Motor. — These  improvements  arc  applicable  to 
motors. 

*542. — W.  R.  Lake,  London.  (4/.  Lrri/,  I'aris.) 
Regulating  the  Transmission  of  Electrical 
Energy.  4d.  February  3. 

Di.sTRiiurTiNu  Currents.  — This  provisional 
specification,  which  is  divided  into  twelve  sections, 
describes,  with  the  aid  of  a great  nuinl)cr  of  algebraic 
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fonmihu,  apparatus  for  regulating  the  transmission 
of  electrical  energy,  and  also  capable  of  being  used  as 
a speed  regulator  for  machinery.  If  the  translating 
devices  be  arranged  in  a single  circuit,  it  is  necessary 
to  regulate  only  the  intensity  of  the  current.  This 
is  effected  by  placing  on  the  shaft  of  the  admission 
valve  ot  the  motor  which  drives  the  generators,  two 
small  electric  motors,  one  driven  by  a constant  cur- 
rent (c.y.  a Daniell  battery)  and  tending  to  open  the 
valve,  the  other  being  driven  by  the  current  to  be 
regulated,  and  tending  to  close  the  valve.  The  first 
motor  may  be  replaced  by  a spring  or  weight,  or 
any  constant  force  tending  to  open  the  valve,  and 
exactly  balancing  the  second  motor,  when  thecurrent 
is  at  the  required  intensity.  If  the  translating  de- 
vices be  arranged  in  multiple  arc,  the  governor  is 
placed  in  one  of  the  circuits,  which  may  also  be 
used  to  excite  the  field  magnets  of  the  generators. 
If  it  be  required  to  keep  the  speed  of  the  generators 
constant,  they  are  placed  in  two  circuits  connecting 
two  points,  one  on  the  positive  and  the  other  on 
the  negative  lead.  Another  set  of  generators  is 
arranged  with  their  field  magnets  in  the  first  cir- 
cuit, and  their  armatures  in  the  second  circuit.  By 
regulating  the  speed  of  one  of  the  generators,  and 
keeping  the  current  in  the  first  circuit  constant,  or 
by  removing  the  generator  from  that  circuit,  the 
difference  of  potential  between  the  two  points  con- 
nected by  the  circuits  will  be  constant. 

560.— J.  S.  Williams,  Riverton,  New  Jersey, 

U.S.A.  Boilers,  Condensers,  &c.  4d. 

February  4. 

Electric  Light. — The  inventor  describes  several 
methods  of  coating  boilers,  condensers,  &c.,  with  a 
non-oxidisable  metal  or  alloy,  and  in  his  provisional 
specification  a method  of  coating  a ship.  A metal,  or  a 
metallic  salt,  is  arranged  as  one  pole  of  a battery,  and 
the  iron,  or  metal  of  the  ship’s  side,  as  the  other  pole, 
the  electrolyte  being  the  salt  water.  The  metal 
from  the  metallic  salt  will  be  deposited  on  the  sides 
of  the  ship,  and  a current  generated,  which  may  be 
employed  for  lighting  or  heating,  either  directly  or 
by  the  aid  of  secondary  batteries.  By  passing  a 
current  in  the  reverse  direction,  the  deposited 
metal  is  recovered.  PToating  batteries  may  be  con- 
structed in  a similar  manner. 

563. — A.  J.  Jarman,  London.  Arc  Electric 
Lamps,  fid.  (7  figs.)  February  fi. 

Arc  Lami’s. — A solenoid  A,  P’ig.  1 (or  electro- 
magnet), is  mounted  in  such  a manner  as  to  be 
adjustable  with  regard  to  its  core  D,  so  that  the 
desired  amount  of  attraction  may  be  produced  with 
varying  currents.  The  base  of  the  core  is  provided 
with  lugs  E,  carrying  pins  or  rollers,  upon  which 
slide  crossbars,  pinned  at  their  centres,  and  carrying 


the  gripping  j)ieces  H II',  drawn  togetlier  by  a 
spring  and  accurately  fitted  for  embracing  tlie 
upper  carI)on-holder.  Tlie  current  passes  from  the 
solenoid  A to  blocks,  which  exert  such  pressure 
against  the  rod  as  sliall  prevent  its  too  sudden 
descent  when  the  current  ceases,  and  insure  good 
electrieal  contact.  Upon  a current  flowing  through 
the  coil,  the  core  is  drawn  upwards  against  the 
resistance  of  two  springs  fixed  to  the  pillars  B B', 
first  causing  the  crossbars  to  straighten,  and  to 
clutch  the  carbon-holder,  then  to  lift  it  and  establish 


the  arc,  the  length  of  which  can  be  regulated  by 
lowering  the  solenoid  A on  the  pillars  B B',  and 
by  a screw  regulating  the  rise  of  the  armature.  By 
means  of  the  crossbars,  a parallel  motion  is  im- 
parted to  the  clutch  pieces.  \\  hen  two  or  more 
lamps  are  arranged  in  series,  the  shunt  coil  or  regu- 
lator shown  in  Fig.  2 is  employed.  A represents 
the  solenoid  of  the  lamp,  to  the  left  of  w’hich  is  a 
smaller  solenoid,  wound  for  high  resistance,  and 
forming  a shunt  to  the  lamp  circuit.  Upon  the  re- 
sistance of  the  arc  increasing,  the  high  resistance 


coil  comes  into  action,  and,  attracting  the  core  1’, 
diverts  the  current  through  the  coil  K.  This,  in  its 
turn,  attracts  the  disc-shaped  end  O of  the  core  F, 
and  thus  holds  the  bar  F firmly  against  the 
contact  piece  J,  thus  short-circuiting  the  carbons. 
In  a modification,  a spring  forces  the  lower  carbon 
against  the  upper,  and  on  the  passage  of  the  cur- 
rent, the  crossarms  force  the  clutch  pieces  against 
the  rod,  drawing  it  down  and  establishing  the 
arc. 
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578.— B.  J.  B.  Mills,  London.  ( ir.  M.  Thoma>^, 
Cincinnati,  Ohio,  U.S.A.)  Electric  Lamps. 
Gd.  (2  figs.)  February  7. 

Arc  Lamp. — The  lower  electrode  is  fixed  and  is 
composed  of  copper  with  an  iridium  tip  J.  The 
upper  one  is  suspended  by  a cord  passing  over  a 
pulley,  and  carrying  a counterweight  at  the  other 
end,  by  which  the  speed  of  fall  can  be  regulated. 
D is  a solenoid  wound  on  a split  brass  bobbin,  with 
one  coil  of  wire,  and  furnished  with  a soft  iron  core 
K,  to  which  the  brass  or  copper  rod  L,  carrying  the 
upper  carbon-holder,  is  attached.  The  wire  of  the 
solenoid  has  the  covering  removed  from  it  along 


two  lines  traversed  by  the  wheels  U,  which  are 
connected  to  the  spring  arms  of  an  adjustable  yoke 
on  the  carbon-holder.  The  current  enters  at  the 
top  of  the  coil,  circulates  in  its  convolutions  until 
it  reaches  the  wheel  U,  where  it  leaves,  and  pro- 
ceeds through  the  electrodes,  and  the  pendent  frame, 
back  to  the  negative  binding  post,  as  indicated  by 
the  arrows.  As  the  carbon  consumes,  the  rollers  U 
descend,  and  in  so  doing  increase  the  length  of  the 
active  part  of  the  coil,  so  that  the  coi'e  is  always 
maintained  at  a constant  distance  from  the  lower 
end  of  it. 

621. — J.  B.  Rogers,  London.  Effecting  and 
Maintaining  the  Continuity  of  Divided  and 
Sub-Divided  Electric  Currents  for  Light- 
ing. Gd.  (1  fig.)  February  8. 

Distrirutino  Currento. — Negative  and  positive 
currents  are  distributed  from  amainstation,  radially, 


to  intermediate  stations,  each  of  which  may  be  a 
generating  and  storage  station,  and  from  these  to 
distant  stations,  putting  all  the  intei'mediate  and 
distant  stations  into  connection  with  each  other 
for  maintaining  continuity  throughout  the  system. 

626. — A.  A.  Common,  Ealing.  Electric  Lamps. 

Gd.  (11  figs.)  February  9. 

Arc  Lamp.s. — The  upper  carbon-holder  is  carried 
by  a steel  tube  D,  free  to  revolve  in  a sleeve  H,  to 
which  is  connected  by  a pin  joint  the  toe-piece  J, 
whose  outer  end  rests  on  a plate  lever  C,  working  on 
the  top  of  two  rounded  plates  B,  and  thus  having  a 
variable  fulcrum.  The  upper  end  of  the  tube  D 
contains  mercury,  and  serves  as  a cylinder  for  the 
piston  Q,  which,  together  with  its  rod,  is  a fixture  ; 
the  rod  passes  tlirough  a cover  screwed  to  the  top 
of  a chamber  S (forming  an  enlarged  extension  of 
the  tube  D),  and  pi'o\’ided  with  a long  collar,  which 
prevents  the  escape  of  mercury  around  the  piston, 
should  the  lamp  be  laid  down  or  turned  up.  The 
piston  Q is  provided  with  several  small  holes,  covered 


by  a platinum  valve  V,  which,  l)eing  heavier  than 
the  mercury,  always  rests  upon  the  lioles,  and  allows 
the  tube  U to  move  freely  upwards  but  controls  its 
downward  motion.  A metal  ring,  held  by  screws, 
in  any  given  position  on  the  lever  C,  is  provided 
with  two  extensions,  bent  down  so  as  to  stand  one 
on  eitlier  side  of  the  piece  .1,  which  can  thus  be 
carried  round  to  any  desired  point,  so  as  to  vary  and 
determine  the  lift  of  the  carbon.  The  plate  lever  C, 
actuated  by  the  soft  iron  core  D-  of  the  solenoid  E, 
is  provided  with  adjustable  weights  to  partly  balance 
the  core  1)",  and  is  kept  in  position,  should  the  lamp  be 
turned  over,  by  a pin  (J.  'I’hc  lower  carbon  is  carried 
in  the  ball-holder  P,  so  that  it  can  be  adjusted  to  bo 
exactly  in  alignment  with  the  upper  carbon.  Tho 
conductors  arc  firmly  fastened  to  lugs  on  the  casing. 
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and  connected  to  the  terminals.  I’lie  action  is  as 
follows  ; The  carbons  being  together,  the  current 
passes  through  the  coil  K,  the  tube  1),  the  carbons, 
and  the  rod  N to  the  next  lamp.  The  core  is  im- 
mediately raised,  and  pivots  on  its  fulcrum  the 
plate  lever  C,  which  carries  with  it  the  outer  end 
of  the  toe-piece  J,  which  by  its  other  end  and  the 
sleeve  H instantly  grips  the  tube  1).  The  further 
lift  of  the  plate  lever,  whose  motion  gradually 
increases  in  proportion  to  that  of  the  core,  owing 
to  the  rounded  form  of  its  fulcrum,  now  carries  | 
with  it  the  tube  L),  and  thus  establishes  the  arc.  I 
As  the  resistance  increases,  due  to  the  consump-  1 
tion  of  the  electrodes,  the  lever  C tilts  back 
and  releases  the  grip  of  the  toe-piece  J,  thus  allow- 
ing the  tube  to  drop  gradually  against  the  resist- 
ance of  the  mereury.  In  a modification  adapted 
for  street  lighting,  the  upper  carbon  is  fixed,  and 
the  lower  carbon  is  movable,  the  piston  Q being 
made  larger,  so  as  to  act  also  as  a float,  and  assist  in 
raising  the  lower  carbon,  the  framework  also  being 
slightly  modified. 

700. — J.  S.  Williams,  Riverton,  N..J.,  U.S.A.  ' 
Generation,  Storage,  and  Utilisation  of 
Electricity  for  Lighting,  &c.  lOd.  Febru- 
ary 13. 

Dynamo-Electric  Generator. — Preferably,  two 
armatures  are  employed,  each  being  rotated  in  the 
“field”  of  a single  pole  only,  of  a field  magnet,  so 
as  to  generate  currents  of  low  E.M.  F. 

Distributing  Current.s. — The  generators  are  so 
combined  with  secondary  batteries,  and  current- 
making devices,  that  the  generators  are  charging  a 
portion  of  the  batteries  at  low  tension,  whilst  other 
portions  are  being  discharged  into  the  main  conduc- 
tors, at  such  a higher  tension  as  may  be  required. 
The  circuit-making  devices  may  consist  of  a series 
of  reciprocating  arms  on  a shaft,  operated  by  an 
electric  motor,  or  otherwise,  and  carrying  a series 
of  insulated  contact  pieces,  or  weighted  contact 
makers  ; or  the  displacement  of  mercury,  or  other 
conducting  liquid,  operated  by  blades  on  the  shaft, 
may  be  employed.  An  automatic  cut-out  is  arranged 
in  the  circuit  of  the  generators,  and  the  secondary 
batteries,  to  avoid  reversal  of  the  current,  and 
it  may  be  caused  to  break  the  primary  circuit 
and  complete  a shunt  circuit.  This  may  consist 
of  a switch,  operated  by  an  electric  governor,  or  a 
motor,  solenoid,  or  electro-magnet,  in  the  circuit. 
Two  electro-magnets  may  be  used,  one  in  the 
charging,  and  the  other  in  a shunt  circuit.  An  in- 
dependent secondary  battery  may  be  employed 
for  operating  these  devices.  By  using  secondary 
batteries  which  increase  the  E.M.F.  of  the  current, 
a smaller  generator  and  a smaller  sectional  area  of 
the  conductors  is  required.  Auxiliary  secondary 
batteries  may  be  placed  at  different  points  of  the 


main  conductors,  and  may  be  arranged  to  supply 
the  current  to  the  translating  devices,  at  a reduced, 
or  the  required  E.M.F.  As  applied  to  electric 
railways,  the  circuit  to  the  motor  on  the  engine 
may  be  controlled  from  a fixed  station  by  means  of 
the  mechanism  employed  to  actuate  the  signals  or 
points.  The  electric  energy  may  be  utilised  for 
heating  metal  passing  through  rolls,  for  heating  or 
melting  metallic  ores,  for  heating  rooms,  &o. 

Secondary  Batteries. — In  the  floating  batteries 
described  in  the  Specification  560  of  1882,  free 
admission  is  provided  for  salt  water.  The  sides 
of  the  vessel  may  be  coated  with  graphite  or  a 
metallic  paint.  One  electrode  may  be  of  copper  or 
iron,  and  the  other  of  zinc,  and  the  electrolyte  may 
be  acidulated  or  salt  water.  A rotating  or  recipro- 
cating contact  maker,  operated  by  the  generator, 
or  by  a motor,  thermostat,  or  electro-magnet  and 
armature,  arranged  in  the  circuit,  may  be  employed 
to  produce  alternating  currents  from  a continuous 
current  generator.  The  contacts  may  be  made 
with  mercury. 

730. — C.  A.  Faure,  London.  Apparatus  for 
Measuring  and  Registering  Electric  Cur- 
rents. 6d.  (3  figs.)  February  15. 

Current  Meter. — This  invention  is  based  upon 
the  well-known  philosophical  apparatus,  in  which 
the  rotation  of  a conductor,  canying  a current, 
round  a pole  is  demonstrated.  B is  a core  of  soft 
iron,  wrapped  with  an  insulated  conductor  traversed 
by  the  current  to  be  measured,  and  provided  with 
an  extension  C,  surrounded  by  a non-conducting 
envelope.  In  this  extension  is  a footstep  for  the 
spindle  H,  which  has  two  arms  dipping  into  mer- 


cury in  the  annular  space  between  C and  the 
wooden  case  A.  The  current  enters  at  -I- , circulates 
through  the  magnet  coil,  and  then,  passing  through 
the  mercury,  rises  up  the  arms  I I and  escapes 
through  the  magnet  core  to  the  terminal  — . The 
moving  force  is  directly  proportional  to  the  square 
of  the  current,  and  the  resistance  to  the  square 
of  the  velocity;  whence  it  follows  that  the  speed 
of  rotation  is  a measure  of  the  current.  At  each 
revolution,  a projection  on  the  spindle  comes  in 
contact  with  the  spring  N,  and  sends  a momentary 
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current  into  a counting  apparatus,  which  may  be  of 
convenient  form,  such  as  an  electro- magnet  with  a 
step-by-step  motion,  as  shown  in  the  illustration. 
'J'he  specification  also  describes  a modified  instru- 
ment, in  which  the  arms  rotate  between  a hollow 
outer  pole  and  an  inner  one.  Through  the  latter 
passes  an  adjustable  pillar,  supporting  by  a step 
the  lower  end  of  the  pivot  H,  the  principle  of  action 
being  the  same  as  in  the  first  described  instrument. 

Oalvanometkr.  — In  order  to  indicate  tem- 
porarily the  strength  of  a current,  the  rotation  of 
the  conductor  is  resisted  by  a spiral  or  other  spring, 
and  the  amount  of  deviation  of  the  conductor  from  a 
fiducial  mai'k  gives  directly  the  value  of  the  current. 
The  electro-magnet  may  be  replaced  by  a permanent 
magnet,  the  square  roots  of  the  dial  readings  indi- 
cating the  current. 

740. — A.  M.  Clark,  London.  {Solignac  ct  Cie., 
Paris.)  Electric  Lamps,  &c.  6d.  (4  figs.) 

February  15. 

Arc  Lamp. — In  this  lamp,  the  feed  of  the  carbons 
is  regulated  by  the  fusion  or  softening  of  a tube  or 
stick  of  glass.  The  lamp  is  shown  in  elevation  in 
Fig.  1,  Fig.  2 representing  the  point  of  one  carbon 
on  a large  scale.  The  carbons  F are  fed  together  by 
cords  E,  attached  at  one  end  to  the  lamp  frame  A, 
passing  round  sheaves  D on  the  rear  ends  of  the 
carbon-holders,  and  winding  on  spring  barrels  K. 

Fic.  1 


G are  rods  of  glass  extending  parallel  to  the  whole 
length  of  each  carbon  F.  The  rods  G abut  against 
stops  of  copper  L,  and  their  ends  (),  liending  down- 
wards, under  the  influence  of  the  heat  generated  by 
an  arc  of  given  length,  permit  of  the  carbons  being 
progressively  fed  towards  each  other.  In  a modi- 
fication, this  principle  of  regulation  is  applied 
to  one  carbon  only,  the  other  being  controlled  by  a 
solenoid,  the  evident  object  of  which  is  only  to 
separate  the  carbons  and  so  establisli  the  arc. 

Semi-Incanuescknce  Lamp.  — In  a semi-incan- 
<lescence  lamp,  a glass  rod  is  fixed  to,  and  parallel 
with,  one  of  the  carbons,  and  abutting  against  the 
other  carbon,  and  is  consumed  immediately  an  arc  is 


formed,  thus  causing  the  contact  of  the  carbons  to 
be  renewed. 

Dynamo-Electric  Generator.  — The  rotating 
field  magnets,  semicircular  in  cross  section,  are 
placed  together  upon  an  axis,  so  as  to  form  a cylin- 
der, which  I'evolves  within  the  armature,  formed  of 
coils  wound  upon  iron  cores,  arranged  in  a circle 
parallel  to  the  axis  of  the  field  magnets.  The  coils 
of  the  field  magnets  constitute  a shunt  to  the  main 
circuit,  a stationary  collector  distributing  the  cur- 
rent to  two  brushes  carried  by  the  rotating  frame 
of  the  field  magnets.  The  inventor  does  not  de- 
scribe the  method  of  winding  the  coils,  nor  their 
connections. 

756. — J.  Brockie,  London.  Machines  for  Pro- 
ducing Electric  Currents.  6d.  (2  figs.) 

February  16. 

Dynamo-Electric  Generator. — The  revolving 
armature  is  built  up  of  two  iron  rings  C D,  mounted 
upon  a magnetic  boss  B,  and  transverse  compound 
iron  bars  E,  fixed  between  the  rings.  Upon  the  two 
extremities  of  these  bars  coils  of  insulated  wire  F 
are  wound,  the  ends  of  the  coils  being  led  to  a suit- 
able commutator.  The  armature  revolves  between 
I the  poles  of  four  field  magnets,  whose  polarity  is  so 
arranged  that  the  two  rings  C D shall  be  of  opposite 
! polarity  in  any  given  length  of  the  crossbars.  These 


crossbars,  or  magnets  of  the  armature,  are  con- 
structed of  several  pieces  of  iron  fastened  together, 
or  of  bundles  of  iron  wire,  or  of  hollow  cases  filled 
with  iron  filings,  and  arc  wound  with  insulated  wire 
as  shown  at  F,  and  are  arranged  to  lift  out  from 
between  the  two  iron  rings.  The  field  magnets  are 
separately  excited,  or  intermediate  coils  may  be 
wound  on  the  central  part  of  the  bars,  and  the  cur- 
rent from  them  be  usetl  to  excite  the  field  magnets. 

760.— C.  W.  Siemens,  London.  (/•/.  IF.  »S7( 

lirrihi.)  Dynamo  Electric  or  Electro-Dyna- 
mic Machine.  (id.  (.‘1  figs.)  February  16. 
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Motor. — Tlie  same  coils  of  insulated  wire  serve 
both  for  the  induction  of  electrical  currents,  and 
also  for  induction  of  magnetism.  Referring  to  the 
illustrations,  a is  a hollow  rotating  cylinder,  formed 
by  bending  a plate  of  soft  iron  into  an  arc  of  a 
circle  of  about  270  deg.,  and  tilling  up  the  re- 
mainder with  a segment  of  brass.  It  is  contained 
within  a stationary  case,  made  of  two  brass  plates 
k and  two  ebonite  end  rings,  supported  by  the 
screws  m from  the  main  frame,  and  is  caused  to 
rotate,  by  a ring  of  teeth  cut  on  its  left-hand  end 
gearing  with  pinions  e on  three  external  shafts, 
driven  by  a large  wheel  h on  the  central  axis.  The 
cylinder  is  further  supported,  and  guided,  by  three 
plain  rollers  d,  and  three  angular  rollers  d',  the  ! 
latter  running  in  a groove  to  limit  the  end  play.  I 
Around  the  case  k k'  are  wound  lengthwise  a 
number  of  stationary  coils  of  insulated  w'ire,  18 
being  shown  in  the  figures,  disposed  in  three  groups 


of  six  each,  and  arranged  between  the  blank  spaces 
left  for  the  rollers  and  pinions.  Each  coil  has  two 
ends  ; consequently  there  are  36  wires,  connected  in 
the  following  manner  : A ring  p of  non-conducting 
material  has  fixed  on  each  of  its  sloping  sides  18 
springs  o and  o'.  These  springs  extend  inwards 
radially,  and  are,  by  preference,  inclined  in  the 
direction  of  rotation  of  the  shaft.  The  springs  o 
on  one  side  of  the  ring  }>,  and  tlie  springs  o'  on  the 
other  side,  incline  towards  each  other,  so  that  they 
meet ; thus  there  are  18  pairs  of  springs  in  all.  One 
end  of  the  wire  of  each  coil  is  connected  to  one 
of  the  springs  o,  and  the  other  end  of  the  same 
wire  is  connected  to  one  of  the  springs  o',  not 
to  that  which  meets  the  former,  but  to  the  spring 
next  in  order,  so  that  the  outgoing  end  of  each 
coil  becomes  connected,  through  the  meeting  of  a 


pair  of  springs,  with  the  ingoing  end  of  the  coil 
next  in  order,  and  if  all  the  18  pairs  of  springs 
were  simultaneously  in  contact  there  would  be 
a closed  circuit  through  all  18  coils.  On  the  axis 
there  are  fixed  two  knives  or  separators  r,  and 
»■',  which,  as  the  shaft  revolves,  pass  between 
the  pairs  of  springs  o and  o',  separating  each  pair 
successively.  Each  knife  has  on  one  side  a facing 
of  non-conducting  material,  so  arranged  that  >• 
makes  electrical  contact  with  the  springs  o,  and 
with  springs  o'.  The  knife  r is  connected  to  the 
ring  ,s’,  insulated  from  the  axis,  and  the  knife  ?•'  to 
a similar  ring  .s’,  and  against  these  rings  rub  the 
brushes  f f',  connected  to  the  wires  of  the  exterior 
circuit. 

Dynamo-Electric  Generator. — When  used  as 
a generator,  the  cylinder  a,  having  certain  residual 
magnetism,  is  rotated  through  the  coils,  inducing 
currents  in  them,  and  the  currents  so  produced  react 
on  the  cylinder,  increasing  its  magnetism  until  the 
generator  reaches  the  limit  of  its  power.  The  circuit 
of  the  coils  being  broken  at  successive  points,  by 
the  knives  r ?•’  separating  the  successive  springs, 
the  currents  are  directed  into  the  external  circuit. 
The  pow'er  of  the  generator  may  be  increased  by 
external  and  internal  shells  « «’  of  soft  iron.  If  the 
generator  is  intended  to  run  in  eitlier  direction, 
the  knives  have  two  metallic  sides,’ separated  by  a 
non-conducting  layer,  and  connected  respectively 
to  two  rings,  each  provided  with  brushes,  one  ring 
of  each  pair  only,  however,  being  connected  to  the 
circuit  at  a time. 

*761. — C.  J.  Chubb,  Gloucester.  Dynamo- 
Electric  Machines.  2d.  February  16. 

Dynamo  - Electric  Generator.  — The  field 
magnets  revolve  in  the  opposite  direction  to  the 
armatuie,  or  “ a conducting  material,  connected 
magnetically  with  such  magnets,  revolves  in  an 
opposite  direction  to  the  armature.” 

766. — J.  S.  Williams,  Riverton,  N.J.,  U.S.A. 
Generation,  Storage,  Utilisation,  &c.,  of 
Electricity.  4d.  February  16. 

Distributing  Current.s.  — A current  of  low 
E.M.F.  at  the  generating  station  is  transformed 
into  a current  of  high  E.M.F. , by  the  aid  of  secon- 
dary batteries.  This  current,  or  a current  of  higli 
E.M.F.  direct  from  a generator,  is  transmitted  by 
conductors  of  relatively  small  section  to  the  places 
where  it  is  to  be  utilised,  and,  by  the  aid  of  secondary 
batteries,  is  again  transformed  into  a current  of  low 
E.M.F.  If  independent  secondary  batteries  be 
employed  with  the  translating  devices,  these  may 
be  supplied  with  currents  of  different  E.M.F.  ac- 
cording to  their  requirements.  The  batteries  are 
so  arranged,  that  whilst  at  work  a portion  is  being 
charged,  whilst  other  portions  are  being  discharged. 

m m 
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Secondary  Batteries. — Tlie  plates  may  be  pre- 
pared by  depositing  a suitable  metal  upon  Ijoth 
sides,  and  over  one  end  of  an  insulating  sheet ; or 
thin  layers  of  metallic  salts,  or  oxides,  or  iron 
coated  witli  zinc,  may  be  employed.  An  iron  sup- 
port may  be  coated  with  zinc,  and  immersed  in  salt 
water.  The  elements  may  be  placed  in  a vessel  of 
iron  or  steel,  lined  with  an  insulating  material,  such 
as  cement,  in  which  the  edges  of  the  jilates  may  be 
embedded,  or  they  may  be  separated  by  insulating 
strips.  Sheets  of  lead  foil,  or  other  metal,  separated 
by  thin  sheets  of  paper,  parchment,  or  asbestos, 
may  be  closely  packed  together,  and  enclosed  in  a 
chamber  containing  acidulated  water.  The  elements 
are  provided  with  terminals,  so  that  they  can  be 
coupled  in  tension,  or  otherwise,  as  requii’ed. 

Reflectors. — In  the  provisional  specification  it 
is  stated  that,  with  electric  lighting  apparatus,  a 
reflector,  having  a series  of  reflecting  faces,  each  at 
an  angle  of  45  deg.,  is  employed,  and  that  the  light 
is  maintained  at  a certain  fixed  point,  through  the 
medium  of  an  incandescent  conductor,  or  an  adjust- 
able electrode,  forced  against  a fixed  electrode  of 
refractory  material. 

Electrodes. — An  alloy  of  manganese,  iridium, 
or  platinum,  with  other  suitable  metals,  or  a liquid 
conductor,  or  metallic  oxide,  enclosed  in  a suitable 
transparent  material,  may  be  employed. 

*774. — J.  C.  Mewburn,  London.  {A.  M.  J. 
Jeiine,  Pm-is.)  Protecting  Cables  or  Wires 
for  Conducting  Electricity.  2d.  FebruarylT. 

Conductors. — A braided  or  woven-wire  sheath- 
ing is  employed  as  an  external  protecting  envelope. 

819. — S.  Pitt,  Sutton,  Surrey.  (E.  T.  Starr, 
Philadelphia,  U.S.A.)  Electric  Lighting 
Apparatus  for  Railway  Trains,  &c.  8d. 
(8  figs.)  February  20. 

Dynamo-Electric  Generator. — This  invention 
relates  to  improvements  on  Patent  No.  5,000  of  1881 . 
Referring  to  the  illustration,  which  is  diagrammatic 
in  its  character,  e represents  the  spindle  of  a dynamo- 
electric  generator,  carrying  a friction  pulley  G,  to 


be  driven  from  a car  axle  P.  The  two  arc  connected 
by  an  intermediate  wheel  H,  w hich  can  be  made  to 
gear  with  both  of  them,  by  means  of  a cylinder,  into 
which  steam,  or  compressed  air,  can  be  directed. 


The  current  is  conducted  to  a secondary  battery  P. 
The  connection  at  R R’  is  broken,  and  the  battery 
is  cut  out  of  circuit,  as  soon  as  the  generator  is 
stopped.  The  current  from  the  battery  is  utilised 
in  the  head  and  tail  lights,  and  also  for  actuating 
the  brakes,  being  led  to  the  lights  by  a system  of 
commutators,  which  produce  a flashing  red  light 
as  the  train  moves  forward,  a flashing  green  light 
as  it  moves  backwards,  and  a white  light  when  it 
is  stationary. 

831. — J.  Rapieff,  London.  Electric  Lamps,  &c. 
fid.  (18  figs.)  February  21. 

Arc  Lamps. — “The  actuating  force  used  in  this 
mechanism  is  the  force  of  gravity,  or  springs,  or 
hydrostatic  pressure.  As  it  is  necessary  to  obtain 
two  distinct  functions  of  the  lamp — viz.,  the  bring- 
ing together,  and  the  separating  of  the  carbons,  it  is 
also  necessary  to  have  two  distinct  regulating  parts 
of  the  mechanism.”  Fig.  1 show's  an  arrangement 
in  which  two  weights  are  used,  and  Fig.  2 one  with 
a single  w’eight.  Referring  to  Fig.  1,  “ <2  shows  the 
weight,  and  r a smaller  W'eight.  a,  b,  c,  d are  pulleys 
on  shafts  fixed  to  a suitable  frame,  n and  m are 
also  pulleys  attached  to  the  weight  r ; an  endless 
cord,  or  chain,  fj  h passes  round  these  pulleys,  in  such 
a way  that  it  cannot  slip  round  the  pulleys  a or  h 
without  revolving  them  ; the  weight  q is  attached 


Ftg.  1.  Fxp)  . 2. 


to  tlie  cord  by  means  of  a clutch,  in  such  a way, 
that  it  can  be  easily  raised  by  liand  during  the  time 
of  charging  the  lamp.  For  the  same  purpose 
the  pulleys  a and  b are  provided  witli  ratchet  wheels 
and  pawls.  The  pulleys  a and  b are  also  provided 
either  directly,  or  indirectly,  or  by  means  of  a train 
of  wlieels  or  other  suitable  gear,  with  a brake, 
or  escapement,  actuated  by  an  clcctro-magnetic 
appliance,  whereby  the  rotation  is  checked,  or  im- 
peded. So  long  as  tlie  pulleys  a and  b arc  held 
stationary,  both  weights  remain  suspended.  By 
releasing  the  pulley  b,  the  weight  r is  allowed  to 
descend,  but  so  soon  as  tlie  pulley  b is  checked,  and 
the  pulley  a released,  the  wciglit  q will  descend, 
at  the  same  time  raising  the  weight  r.”  Now, 
if  this  weight  be  connected  with  one  or  both 
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of  tlie  carbons  of  the  lamp,  the  carbons  will  be 
brought  together,  or  separated,  as  the  case  may  be. 
“ Fig.  2 shows  an  arrangement  in  which  the  pro- 
blem is  solved  by  means  of  one  weight  (j  only  ; a 
and  1)  are  similarly  constructed  pulleys,  for  the 
purpose  of  regulating  the  descent  of  the  weight  <j, 
so  that,  by  releasing  the  pulley  a,  the  weiglit  <j  will 
descend,  pulling  after  it  the  cord,  or  chain,  which 
will  cause  the  pulleys  s and  t to  rotate  in  one  direc- 
tion. By  checking  the  rotation  of  the  pulley  a,  and 
releasing  the  pulley  h,  tlie  direction  of  rotation  of 
the  pulleys  .s  and  t will  be  reversed.  ” If  the  carbon- 
holders  be  connected  to  the  branches  of  the  cord, 
or  to  tlie  pulleys,  they  will  be  made  to  approach 
and  separate  as  desired.  The  specification  con- 
tains ten  diagrams  illustrating  various  modifica- 
tions of  the  regulating  mechanism,  and  six  diagrams 
wherein  fluid  pressure  takes  the  place  of  the  chains 
or  cords.  In  the  latter  case,  the  weights  are  pistons 
moving  in  cylinders  filled  with  liquid.  Each  end 
of  each  cylinder  is  connected  to  each  end  of  each 
other  cylinder,  and  the  communication  is  controlled 
by  valves  actuated  by  electro-magnetic  appliances, 
the  coils  of  which  are  differentially  wound. 

834. — W.  R.  Lake,  London.  (B.  Lunde,  Neiu 
York,  U.S.A.)  Electric  Lamps.  6d.  (4  figs.) 

February  21. 

Arc  Lamp. — In  this  lamp,  the  upper  carbon  rod  / 
passes  between  two  grooved  pulleys  1 1,  which  nip  it 
gently.  When  the  pulleys  are  free,  the  rod  runs 
down  between  them,  rotating  them  as  it  goes. 
Under  each  pulley  is  a partly  circular  brake  arm 
71,  attached  to  the  magnet  core  d.  So  long  as 


the  normal  current  is  flowing,  the  brakes  hold  the 
pulleys,  but  when  the  arc  increases,  the  pulleys, 
brakes,  and  rod  descend  until  the  pulleys  are  ar- 
rested by  a stop,  when  a further  descent  of  the 
brakes  releases  the  rod,  and  allows  it  to  run  down 
to  feed  the  carbon. 


*837. — I.  L.  Pulvermacher,  London.  Apparatus 
for  Collecting  and  Storing  Electric  Cur- 
rents. 2d.  February  21. 

Secondary  Batterie.s. — Platinum  cases,  filled 
with  platinum  sponge,  are  placed  in  a vessel  charged 
with  a conducting  Ihpiid.  “ Electrodes  receive  the 
current  set  in  conduction  with  the  Ihpiid.”  Loose 
helices  of  platinum,  wound  upon  a cylinder,  may 
have  the  spaces  between  the  turns  filled  with 
platinum  sponge.  Each  layer  is  enveloped  in  a 
porous  material,  and  the  ends  of  the  various  helices 
are  coupled  up  as  desired. 

838. — W.  R.  Lake,  London.  (B.  Lande,  New 
Yoi'k,  U.S.A.)  Dynamo-Electric  Machines. 
6d.  (7  figs. ) February  21. 

Dynamo-Electric  Generator. — This  invention 
relates  principally  to  means  of  inducing  a circu- 
lation of  air  through  the  armature,  to  keep  down  its 
temperature  The  armature  consists  of  a flat  ring, 
or  hollow  cylinder,  composed  alternately  of  pro- 
jecting parts  h,  and  recessed  parts  c,  wound  with 


coils  of  insulated  wire.  The  whole  is  attached  by 
arms  to  a revolving  shaft,  provided  with  a com- 
mutator q.  Air  passages,  or  grooves,  (j  <j  are  formed 
in  the  body  of  the  ring,  and  have  outlets  whereby 
air  may  be  projected  through  the  coils.  Inlets 
are  made  in  the  solid  parts  bh.  The  field  magnet 
poles  consist  of  curved  and  grooved  castings  s s, 
united  at  the  outside  by'the  curved  pieces  1 1,  and 
carrying  on  the  inside  the  curved  plates  v v'. 

849. — F.  H.  F.  Engel,  Hamburg.  (G.  Fi-anke, 
Ilandmrg.)  Glass  Reflector  for  Gas  and 
other  Lights,  fid.  (8  figs.)  February  21. 

Reflector.s. — This  invention  relates  to  the  con- 
struction of  single-walled  glass  reflectors,  in  which 
the  silver  is  protected^  against  outer  influences. 
This  is  effected  by  applying  coatings  of  shellac 
varnish  to  the  silvered  surface. 

856.-  J.  S.  Will  iams,  Riverton,  N.J.,  U.S.A. 
Generation,  Storage,  &c.,  of  Electricity. 
2s.  4d.  (48  figs.)  February  22. 

Distributing  Currents. — One  or  more  gene- 
rators are  connected  to  the  main  conductors,  either 
directly,  or,  if  it  be  desired  to  increase  or  regulate 
the  E.M.F.  of  the  current,  through  the  agency  of 
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secondary  batteries.  In  connection  with  these  con- 
ductors, and  at  suitable  intervals,  are  arranged 
independent  sets  of  secondary  batteries,  each 
connected  to  one  or  more  translating  devices,  and 
provided  with  one  or  more  independent  sv  itches, 
operated  by  electro-magnets,  or  other  devices,  so  as 
to  place  the  batteries  in  circuit  as  recjuired.  Any 
one  or  more  of  these  batteries  may  be  arranged  to 
be  independently  cut  out,  or  put  into  circuit  with 
the  charging,  or  discharging,  conductor.  In  order 
to  maintain  the  activity  of  the  secondary  batteries 
at  a practical  uniformity,  the  insulated  terminals 
of  the  conductors  are  mounted  on  a lever  arm, 
which  is  caused  to  be  moved  at  certain  times,  or 
at  a determined  rate  of  speed,  in  proportion  to  the 
generating  capacity  of  the  generator,  and  tlie  dis- 
charge from  the  batteries.  A “cut-ofF,”  operated 
by  an  electric  current,  renders  any  part  of  the 
apparatus  independent  of  the  other  parts.  In  an 
arrangement,  adapted  : (1)  for  a railway,  for 
operating  the  engines,  switches  or  signals  : (2)  for 
lighting  or  heating  : or  (3)  for  other  similar  pur- 
poses, the  current  from  a low  tension  generator  is 
conducted  to  secondary  batteries,  the  elements  of 
which  can  be  charged  at  a low  tension,  and  be 
discharged  at  a high  tension,  into  conductors,  in 
connection  with  which,  at  suitable  intervals,  are 
auxiliary  secondary  batteries,  which  may  be 
arranged  to  reduce  the  E.M.F.  of  the  current, 
accordmg  to  the  recpiirements  of  the  translating 
devices.  One  portion  of  each  auxiliary  battery 
can  be  charged  whilst  other  portions  are  being 
discharged  into  a conductor  connected  (in  the 
case  of  a railway,  througli  a sliding  shoe,  or  fric- 
tion roller)  either  directly,  or  through  a series  of 
secondary  batteries,  to  the  motors  on  the  engine, 
or  to  other  translating  devices.  The  generators 
on  the  engine  of  a train  may  charge  a series  of 
secondary  batteiies  thereon,  from  which  the  cir- 
cuit is  completed  to  motors,  on  the  engine,  by 
circuit-controlling  switches,  worked  by  the  engine- 
driver,  or  guard,  or  both,  or  from  certain  fixed 
stations  on  the  line.  Auxiliary  conductors  may  be 
led  from  the  batteries  on  the  engine  to  furnish 
energy  for  the  development  of  light  or  heat,  or  for 
operating  movable  mechanism  along  the  line.  The 
supply  of  energy  to  the  secondary  batteries  on  the 
engine  may  be  controlled  by  the  engine-driver,  or 
guard,  and  be  supplied  on  a principle  like  that 
by  which  water  is  supplied  to  locomotive  water 
tanks.  A similar  system  of  distribution  may  be 
arranged  to  actuate  motors,  electro-magnets,  &c., 
and  to  operate  the  “points”  or  signals,  the  cur- 
rents being  controlled  by  switches.  A motor  may 
be  made  to  compress  air  for  giving  audible  signals 
by  means  of  a fog-horn.  In  order  to  liglit  or  heat 
tlie  vehicles  of  tlie  train,  to  operate  motors  on 
the  axles  of  the  vehicles,  or  motoi  s operating  the 


' brakes,  conductors  are  arranged  along  the  train, 

' and  are  in  connection  with  secondary  batteries  on 
1 one,  or  more,  of  the  vehicles.  The  connection  be- 
tween the  stationary  conductors,  and  the  engine, 
is  made  by  hinged  shoes,  or  rollers,  the  contact 
being  broken  when  they  are  raised.  A liquid 
lubricant  may  be  employed  at  the  contact  surfaces, 
for  making  a perfect  contact,  and  lessening  the 
! friction.  If  a return  insulated  conductor  be  used, 
the  two  conductors  may  be  placed  in  channels,  or 
grooves,  in  an  insulating  support. 

Motors. — An  insulating  support  for  the  armature 
is  fixed  upon  the  axles,  or  upon  the  wheels,  of  the 
engine,  and  insulated  wdres,  or  ribbons,  are  secured 
to  the  support,  and  covered  by  one  or  more 
metallic  pieces.  The  field  magnets,  are  insulated 
from  the  axle  and  driving  wheels,  and  are  arranged 
so  that  the  armatures  revolve  in  close  proximity  to 
their  polar  extensions.  An  annular  electro-magnet, 
having  semicircular  polar  extensions,  may  be  em- 
ployed. The  collectors,  or  circuit  makers,  are  placed 
at  the  ends  of  the  axle.  In  large  motors,  the 
armatures  may  be  constructed  in  sections,  secured 
to  the  dri^■ing  w'heels,  and  tlie  field  magnets  may 
be  placed  between  the  wheels,  supported  so  as  to 
provide  for  the  variation  in  height  of  the  body  of 
the  vehicle  due  to  the  springs.  Contact  makers 
govern  the  number  of  the  series  of  elements 
employed  at  a given  time  to  actuate  the  motor,  or 
the  independent  sections  of  the  armature  may  be 
included  in,  or  withdrawn  from,  the  circuit. 
The  motors  may  be  transformed  into  generators 
when  desired,  to  retard  the  speed  of  the  train, 
and  are  connected  with  circuit-making  devices, 
to  enable  them  to  charge  secondary  batteries  on 
the  engine.  The  motors  may  also  be  arranged  to 
actuate  the  driving  wheels  by  means  of  friction 
gear.  The  power  may  be  distributed  throughout 
the  train,  and  be  controlled  from  the  guard’s  van,  by 
devices,  which  will  reverse  the  current  through  the 
motors.  The  brakes  of  the  vehicle  may  also  be 
operated  by  an  electro-motor. 

Switches. — The  circuit  maker  may  consist  of  a 
plunger,  which  causes  the  displacement  of  a con- 
ducting liquid,  making  contact  successively  with 
conductors  connected  to  tlie  diflerent  sections  of 
the  armature.  A similar  contact  maker  may  be 
employed  for  reversing  the  current  through  the 
motor.  Switches,  suitable  for  charging  and  dis- 
charging the  secondary  batteries,  are  arranged  at 
intervals  along  the  conductQi’s,  and  consist  of 
two  V-shaped  pieces,  making  contact  with  V- 
grooved-blocks,  and  attached  to  opposite  ends  of  a 
weighted  lever,  carrying  the  armature  of  an  electro- 
magnet placed  in  a shunt  circuit  to  the  conductors, 
or  in  an  independent  circuit.  In  a circuit-breaking 
device,  one  of  the  contacts  may  be  omitted.  A 
switch,  for  enabling  one  part  of  a sccondaiy 
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Ijattcry  to  be  charged,  whilst  another  portion  is 
being  discharged,  consists  of  a shaft  operated  by 
time  mechanism,  or  by  the  generator,  or  by  the 
motors,  &c.,  and  carrying  contact  pieces. 

Rheo.stats. — The  circuit-maker  may  consist  of 
a movable  and  a fixed  wedge  (or  other  suitably 
shaped  piece)  of  carbon,  lead,  or  other  con- 
ductor, arranged  in  an  insulating  casing,  so  as  to 
vary  the  distance  between  the  two  pieces,  or  to 
vary  the  height  of  a conducting  lupiid,  which  makes 
contact  between  them.  In  another  arrangement, 
studs,  on  a movable  plate,  can  be  brought  into  con- 
tact with  one,  or  more,  conductors,  communicating 
with  one,  or  more,  independent  translating  devices. 
The  plate  may  be  actuated  by  a lever,  button,  or 
electrical  apparatus.  A registering  device  shows  the 
number  of  conductors  in  circuit,  and  thus  indicates 
the  resistance.  The  contacts  may  be  so  disposed  that 
on  continuing  the  rotation  of  the  plate,  the  current 
to  the  translating  devices  will  be  reversed,  a central 
contact  being  connected  to  one  conductor,  and  the 
other  conductor  being  connected  to  contacts  on 
either  side  of  the  central  contact. 

Secondary  Batteries. — One  pole  of  the  battery 
is  a liquid,  which,  when  heated,  gives  off  a gas, 
and  the  other  pole  is  the  metal  of  the  containing 
vessel.  Air,  or  gas  under  pressure,  may  be  em- 
ployed for  storing  electrical  energy,  conductors 
provided  with  an  extended  surface  being  placed  in 
the  air  or  gas  chambers.  The  conductors  may  con- 
sist of  alternate  sections  of  metals  and  metallic 
oxides.  Secondary  batteries  may  be  provided 
within  the  stand  of  an  electric  lamp,  so  that  it  can 
be  disconnected  from  the  “leads ’’and  used  as  a 
hand  lamp.  This  specification  covers  34  pages  and 
has  ten  sheets  of  drawings.  There  are  14  claims. 

*866.— J.  C.  Mewburn,  London.  {La  Society 
Alama<jny  et  Oriel,  Paris.)  Cables  for 
Telegraphic  Purposes,  &.c.  2d.  February 

22. 

Conductors. — The  lead  pipe,  in  which  the  wires 
are  enclosed,  is  of  larger  diameter  than  the  cable 
to  be  protected,  and  is  closed  upon  it  by  drawing 
through  a diminishing  series  of  rolls,  or  draw 
plates. 

869. — C.  E.  Spagnoletti,  London.  Dynamo- 
Electric  Machines,  &c.  fid.  (8  figs.)  Feb- 
ruary 22. 

Dynamo-Electric  Generator. — The  field  mag- 
nets, of  which  there  may  be  several,  are  large  single 
magnets  A,  capped  in  such  a manner  as  to  collect 
the  magnetic  lines  of  force  at  each  end,  and  con- 
duct the  same  to  a given  central  point.  Between 
these  caps  is  a wheel  C (Fig.  1 ),  having  at  the 
end  of  each  spoke  a coil  of  wire  I),  the  ends  of 
which  are  led  to  the  commutator.  F F an- 


collectors,  placed  so  that  only  one  set  at  a time 
is  in  contact  with  the  wires,  or  commutator  bars, 
“ and  when,  by  revolving,  the  said  bars  ai’c  not 
touching  the  first  two,  they  are  in  contact  with 
the  second  two.  These  collectors  F F connect  one, 
or  more,  pairs  of  the  coils  to  the  lamps,  or  outer 
circuit,  and  the  other  to  the  field  magnets.  The 
arrangement  is  so  made,  that  when  one  or  two  of 
the  revolving  coils  are  within  the  influence  of  the 
field  magnets,  the  current  is  taken  to  the  main  cir- 
cuit, and  when  leaving  or  nearing  the  other  end  of 
the  electro  magnet,  the  contrary  current  is  thrown 
into  the  field  magnets,  and  keeps  up  their  power, 
and  by  this  arrangement,  both  the  field  magnets, 
and  the  main  circuit,  are  electrically  charged.” 
“ The  revolving  coils  of  any  kind  may  be  placed  in 
such  a manner,  and  made  to  revolve  in  the  surplus 
currents  of  electricity  that  are  carried  by  the  rush 
of  air  from  this  dynamo  machine,  or  any  other 
system,  as  an  auxiliary  wheel  (as  represented  by 
dotted  lines  in  Fig.  1),  and  thus  the  present  wasted 


power  may  be  utilised  and  the  number  of  lamps 
increased.”  The  specification  also  describes  an 
electric  motor,  in  which  the  noticeable  feature  is 
that  the  armature  rocks  on  the  poles  of  the  magnet, 
and  never  leaves  it.  Dynamo-electric  genei’ators 
are  also  made  “of  two  or  more  electro  magnets  with 
coils,  one  divided,  either  throughout,  or  at  the  ends 
only,  by  insulating  material,  or  metal  for  magnetism, 
so  as  to  distribute  the  lines  of  force,  and  on  tlie 
core  of  the  other  magnet  is  fixed  a jaw  which 
revolves  round  the  other  magnet’s  core.” 

CoNDUCTOR.s. — A coupling  for  electric  conductors 
consists  of  a nut,  tapped  with  right  and  left-handed 
threads,  and  engaging  with  corresponding  screws 
on  the  ends  of  the  conductors. 

Arc  Lamps. — The  feed  is  regulated  by  allowing 
mercury  to  pass  out  of  a cylinder,  from  under  a 
piston,  by  a valve  operated  by  a differentially  wound 
magnet.  The  arc  is  established  by  the  cai’bon- 
holders  moving  on  trunnions,  which  permit  them 
to  fall  apart.  The  carbons  may  be  placed  one  above 
the  other,  in  which  case  the  mercury  that  flows  from 
the  top  tube  is  used  to  raise  the  lower  carbon. 

898.  — J.  Brockie,  London.  Electric  Arc 
Lamps.  8d.  (3  figs.)  February  24. 

Arc  Lamps. — This  invention  relates,  firstly,  to 
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mechanical  details,  and,  secondly,  to  modifications 
in  the  principle  of  the  step-by-step,  or  independent 
feed  lamps  described  in  patent  No.  3,771  of  1879. 
(1)  In  order  to  accomplish  the  adjustment  of  the 
arc,  after  a certain  number  of  impulses  of  the  feed- 
ing magnet,  which  may  have  been  greater  or  less 
than  the  actual  consumption  of  the  carbons,  the 
arc-striking  magnet  was  formerly  short-circuited, 
but  now  it  is  proposed  to  reverse  its  polarity  by  the 
extra  coil  S.  This  coil  is  a shunt  across  the  arc, 
and  is  momentarily  in  circuit  at  the  readjusting 
periods.  Sometimes  another  magnet,  in  the  same 
circuit,  is  placed  below  the  armature,  to  aid  in 
pulling  it  away  smartly.  The  contrivance  for 
putting  the  magnet  S into  circuit,  at  intervals,  is  as 
follows  : The  magnet  F,  which  gives  the  step-by- 


step  movement  to  the  lower  carbon-holder,  also 
turns  a ratchet  wheel  W ; this  wheel  is  furnished 
with  a projecting  insulated  boss  B,  upon  which  a 
spring  lever  rests.  An  insulated  pin  1’  is  placed 
near  the  outside  of  the  wheel,  so  that,  as  the  wheel 
revolves,  the  pin  P will  lift  the  lever  oil'  the  boss, 
and  at  a certain  part  of  each  revolution  will  allow 
the  spring  to  drop  suddenly  upon  the  boss  B again.  | 

As  the  lever  falls,  it  rubs  against  the  spring  K,  and  j 

in  so  doing  completes  the  circuit  of  the  reversing 
coil  S ; the  armature  A then  drops,  tlie  two  car- 
V)ons  come  into  contact,  and  are  again  lifted  the 
determined  length  of  the  arc.  Ihe  object  of  the 
second  part  of  the  invention  is  to  dispense  with  the 
arbitrary  readjustment  of  the  arc,  after  a definite 
number  of  impulses  of  the  feeding  holder,  and  in 


its  stead  to  cause  each  lamp  in  a circuit  to  adjust 
its  own  arc,  from  time  to  time,  according  to  its  in- 
dividual requirements,  even  although  the  step-by- 
step  feed  should  continue  a constant  quantity.  In 
the  first  modification,  the  upper  carbon-holder  is 
carried  by  a solenoid  with  a long  range  of  motion. 
If  the  step-by-step  feed  of  the  lower  carbon  be  too 
quick,  the  solenoid  will  cause  the  upper  carbon  to 
retreat  before  it,  while,  on  the  contrary,  if  it  be  too 
slow,  the  upper  carbon  will  descend  a distance  equal 
to  the  deficit.  In  a second  modification , the  solenoid, 
in  addition  to  the  duties  already  described,  inserts, 
or  withdraws,  a taper  stop  into,  or  from,  the  path  of 
the  step-by-step  armature,  to  bring  its  throw  to  the 
requirements  of  the  consumption  of  the  carbon.  In 
a third  modification,  the  rise  of  the  solenoid  core 
short-circuits  the  step-by-step  magnet,  so  as  to 
arrest  the  feeding  from  time  to  time,  if  it  be  too 
rapid.  In  a fourth  modification,  the  regular  feed 
is  set  to  be  too  slow,  and  the  upper  carbon  is  fed 
by  an  arrangement  similar  in  principle  to  the  Brush 
feed.  The  feed  may  be  worked  by  clockwork,  in- 
stead of  by  magnetic  power,  and  the  stroke  of  the 
pawl  may  be  regulated,  in  either  case,  by  a separate 
magnet;  the  adjusting  solenoid  tighteais  or  slackens 
the  spring  against  which  the  magnet  acts,  accord- 
ing to  the  strength  of  the  current,  or  it  moves  the 
magnet  farther  away  from  its  armature. 

905. — J.  W.  Swan,  Newcastle-on-Tyue.  Secon- 
dary Batteries.  4d.  February  24. 

Second.\kyB.\tterie.s. — The  electrodes  are  made 
of  finely  divided  lead,  obtained  by  submitting 
galena,  or  sulphide  of  lead,  to  the  action  of  elec- 
trolytic hydrogen,  or  to  the  chemical  action  of 
metallic  zinc.  The  decomposition  of  the  sulphide 
may  be  effected,  after  its  application  to  the  elec- 
ti’odes,  by  connecting  it  to  the  hydrogen  pole  of  an 
electrolytic  bath.  Non-corrodible  pole  plates  are 
made  from  compressed  plumbago. 

917.  — H.  J.  Haddan,  London.  (IF.  Wheeler, 
J/fi.s'.s.,  U.S.A.)  Reflectors,  &c.  Gd.  (Blfigs.) 
February  25. 

Reflectors. — The  reflecting  surface  is  generated 
by  the  revolution  about  its  principal  axis  of  a curve, 
which  is  constantly  variable  throughout  the  revo- 
lution. Several  modifications,  and  also  ears  and 
clamps  for  attaching  the  reflectors  to  electric  lamps, 
are  described  and  illustrated. 

931. — /N,  M.  Clark,  London.  (II.  B.  Sherulan, 
Chvelawl,  Ohio,  U.S.A.)  Dynamo-Electric 
Machines,  fid.  (8  figs.)  Februaiy  25. 

Dynamo-Electhu:  (inNEKATOH.— The  object  of 
this  invention  is  to  induce  the  current  in  the  arma- 
ture without  wide  breaks,  and  nearly  continuously, 
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and  also  to  increase  the  efficiency  orf  the  generator. 
“ The  magnet  cores  E stand  with  their  axes  in  a 
piral  line,  and  present  an  oblong  field  of  force  to 
the  armature,  the  length  of  the  field  depending 
on  the  pitch  of  the  cores,  and  their  inclination  to 
the  axis.  The  magnet  cores  are  arranged  with 
the  longest  diameters  of  their  fields  of  force  in  the 
direction  in  which  the  armature  revolves,  by  whieh 
arrangement  the  projections  of  the  armature  will 
remain  longer  in  the  fields  of  force,  and  the  gene- 
rated eurrents  will  be  considerably  increased.  One 
pole  of  the  magnet  cores  E,  with  the  surrounding 
helix,  can  be  one  pole  of  an  electro-magnet,  or  two 
or  more  of  the  said  cores  can  be  connected  on  their 
faces  by  a plate.”  Tlie  armature  core  D is  made  in 
the  form  of  a hollow  iron  ring,  and  is  nearly  rect- 
angular in  cross  section.  The  sides  slightly  converge 
as  shown.  In  the  inner  and  outer  peripheries  of 
the  core,  holes  H and  I are  formed  for  ventilation. 
Upon  the  sides  of  the  armature  there  are  angular 


projections  K K,  which  serve  to  convey  the  induc- 
tion to  the  core,  and  between  these  projections  the 
coils  are  wound  Gramme  fashion.  When  the  arma- 
ture is  to  revolve  inside  the  magnet  fields,  as  in  the 
Gramme  generator,  and  not  between  them  as  shown, 
rows  of  cylindrical  magnet  cores  are  placed  in  spiral 
lines  radiating  from  the  polar  extensions.  In  a 
modification,  the  magnet  coils  are  wound  on  flat 
bars,  which  are  arranged  in  inclined  positions  with 
reference  to  each  other,  so  that  they  nearly  overlap 
each  other  laterally.  “ With  this  arrangement  the 
face  of  the  pole  of  each  magnet  is  arranged  dia- 
gonally across  the  path  of  the  armature  ring  in  the 
plane  of  its  rotation.  This  construction  brings  the 
magnets  into  such  positions,  that,  each  section  coil 
L of  the  armature  will  pass  upon  the  pole  of  each 
magnet,  at  the  instant  that  it  leaves  the  pole  of  the 
preceding  magnet,  so  that  the  current  induced  in 
the  armature  will  be  be  nearly  continuous.  With 
this  construction  the  armature  can  be  revolved  in 
either  direction.” 

941. — J.  Richardson,  London.  Electrically  Con- 
trolling, &c.,  the  Speed  of  Engines  Em- 
ployed for  Driving  Electric  Machines.  Cd. 
(9  figs. ) February  27. 

Current  Regulator. — This  invention  relates  to 
improvements  on  Patent  No.  288  of  1881.  F is  a 
solenoid,  traversed  by  the  current  from  the  gene- 


rator, driven  by  the  engine  which  it  is  desired  to 
control.  The  core  1)  is  connected  by  a lever  II  to 
the  rod  G of  the  tlirottle  valve,  so  that  the  rod 
of  the  valve  is  in  tension,  and  consequently  can 
be  made  very  small  so  as  to  have  but  little 
friction  in  the  stuffing-boxes.  The  valve  is  raised 
by  the  weight  of  the  core,  and  the  cheese-weights 
J acting  through  the  lever  I and  link  C.  If  the 
current  ceases,  the  core  falls,  and  would  open  the 
valve  wide,  were  it  not  that  a collar  on  an  inter- 


mediate rod,  pivotted  to  the  lever  I,  conies  against 
a second  lever  pivotted  to  the  valve  spindle,  and  so 
closes  the  x alve.  The  invention  can  be  adapted  to 
governing  an  ordinary  throttle  valve,  by  attaching 
the  solenoid  core  to  an  arm  on  the  spindle  of  the 
valve.  The  solenoid  can  be  regulated  by  having  its 
■wire  wound  in  sections  that  can  be  put  successively 
in  and  out  of  circuit.  When  the  currents  are  small, 
two  solenoids,  side  by  side,  may  be  employed.  In 
stead  of  operating  the  throttle  valve,  the  solenoid 
core  may  be  connected  to  the  expansion  slide. 

943.- — H.  E.  Newton,  London.  {A.  I.  Gravier, 
Pariti.)  Machinery  for  Obtaining  Con- 
tinuous or  Alternating  Currents  of  Elec- 
tricity. 6d.  (18  figs.)  February  27. 

Dynamo-Electric  Generator. — This  invention 
relates  to  “machinery  for  producing  continuous  or 
alternating  currents  of  electricity,  without  the  use 
of  rubbers,  collectors,  brushes,  or  commutators,  in 
which  an  inductor,  either  with  magnetic  or  electro- 
magnetic commutation,  is  arranged  in  the  magnetic 
field  of  a permanent  or  an  electro-magnet.”  “ Fig.  1 
is  a transverse  section  of  the  machine,  showing  the 
arrangement  adopted  for  the  magnetic  commutator, 
inductor,  or  rotary  armature,  and  the  fixed  magnet. 
Fig.  2 is  a longitudinal  section,  and  Fig.  3 a side 
elevation  of  the  same.  The  induction  cylinder,  or 
revolving  armature,  is  shown  as  composed  of  sixteen 
bars  of  soft  iron  a a,  h h,  slightly  separated  from 
each  other  by  pieces  of  paper.  These  bars  are 
mounted  upon,  and  secured  at  their  extremities  to, 
two  discs  of  soft  iron  D D,  by  means  of  screws,  and 
the  whole  is  attached  to  an  axle  o turning  in 
suitable  bearings.  The  stationary  field  magnet  A 
A'  A’*,  B B’  B”  is  composed  of  eight  cast-iron 
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rings.”  “Fig.  1 shows  the  configuration  and  the 
inode  of  coiling  the  field  magnets.  The  eight 
rings  are  separated  hy  insulating  material,  and  are 
clamped  together  hy  means  of  holts,  two  exterior 
frames  of  cast-iron,  provided  with  plummer-hlocks, 
completing  the  iron  part  of  the  fixed  field  magnet, 
und  being  solidly  clamped  to  the  eight  rings  hy  the 
same  holts.  The  winding  of  the  wdre,  in  actual 
practice,  is  divided  in  such  a manner  as  to  form 
forty  circuits,  the  extremities  of  each  of  which 
terminate  in  a grouping  table,  to  allow  of  the  cir- 
cuits being  connected  together  in  any  way  that  may 
he  found  desirable,  either  in  quantity,  tension,  or 
series.  On  starting  the  rotary  armature,  it  will  he 
polarised  hy  the  residual  magnetism  of  the  exterior 
magnet,  and  an  electrical  current  will  be  induced 


in  the  coils  of  the  exterior  magnet.  This  current 
will  strengthen  the  rotating  armature  and  induce  a 
current  in  the  coils  thereof.  A reciprocal  action 
being  thus  set  up,  the  currents  of  electricity  will 
flow  from  the  terminals  of  the  coils  of  the  external 
magnet,  which  may  he  used  without  employing  a 
commutator  and  collectors.  As  a modification  of 
the  above,  tw'O  rotary  armatures,  of  different  dimen- 
sions, may  he  mounted  on  the  same  axle,  the  larger 
one  being  coiled  so  as  to  produce  tw'o  consequent 
poles,  and  the  coils  connected  hy  metal  plates  with 
the  coils  of  the  adjacent  smaller  armature.  Both 
armatures  will  he  provided  with  field  magnets,  the 
larger  field  magnet  being  coiled  so  as  to  produce 
two  or  more  currents,  one  or  more  of  which  will 
circulate  in  the  coils  of  the  field  magnet.” 

986. — W.  H.  Akester  and  T.  B.  Barnes,  (llasgow. 

Dynamo-Electric  Machines,  (id.  ((!  figs.) 

March  1. 

1)yn.\mo-Kle(;tkic  Oknerator. — Referring  to  the 
illustrations.  Figs.  1 and  2 are  plan  and  sectional 
side  elevation,  respectively,  of  a dynamo-electric 
generator,  constructed  according  to  this  invention. 


and  Fig.  .3  is  a sectional  and  end  elevation  of  the 
same.  The  axle  has  on  it  two  compound  arma- 
tures, and  between  them  three  commutators  14. 
There  are  two  parallel  horizontal  field  magnets  15, 
one  at  each  side  of  the  generator,  provided  with 
exciting  coils  16.  Each  magnet  has  two  pole-pieces 
17,  arranged  to  oppose  those  of  the  opposite  magnet. 
The  armatures  consist  of  a number  of  wheel-like 
sections,  fixed  on  a brass  boss,  keyed  on  the  shaft  10. 
Each  wheel  piece  has  a number  of  cylindrical  cases 
19,  having  within  them  radial  spindles  of  soft  iron, 
wound  with  coils,  whose  ends  are  led  to  the  com- 
mutator. The  several  wheels  are  arranged  on  the 
shaft,  so  that  the  spokes  form  a helix,  and  enter  and 
leave  the  magnetic  fields  successively.  Three  com- 
mutators are  shown,  to  allow  of  the  electricity  being 


collected  in  three  currents,  one  corresponding  to 
the  whole  of  one  compound  rotating  arn  ature,  and 
the  other  two  each  to  about  one-half  of  the  other 
rotating  armature.  One  of  the  smaller  currents 
is  intended  for  exciting  the  field  magnets.  The 
bruslies  are  insulated  from  each  other,  and  can 
be  removed  from  the  commutator  by  a hand  lever. 
A modified  generator  has  the  boss  made  of  iron, 
and  brass  zones  are  inserted  in  the  middle  of  the 
oases,  the  object  being  to  interpose  a non-magnetic 
material  between  the  outer  and  inner  ends  of  the 
cases.  In  a second  modification,  the  external  dia- 
meter of  tlie  wheel  piece  is  doubled,  the  number  of 
field  magnets  being  increased  and  arranged  equi- 
distantly  around  the  armatures. 

994. — J.  Fielding,  (llouccster.  Gas  Motor 
Engines.  lOd.  (24  figs.)  March  1. 

1)yn.\mo-Ei.eotric  (Jener.\tor.  — The  gaseous 
cliarge  is  exploded  by  a makc-and-break  arrange- 
ment, placed  in  the  combustion  chamber,  the  current 
being  supplied  by  a dynamo-electric  generator. 
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*1,010. — G.  M.  Minchin  aiul  L.  H.  Despeissis, 
Staines.  Railways.  2d.  March  2. 

CoNDUCTOR.s. — To  enable  the  guards  of  trains  to 
communicate  u itli  one  anotlier,  when  near  together, 
a conductor,  broken  at  intervals,  is  laid  between 
the  rails. 

1,017. — J.  S.  Lewis,  Birkenhead.  Insulating 
Apparatus  for  Overhead  Telegraph  Lines, 
&c.  (id.  (8  figs.)  March  3. 

Insul.vtors. — A horseshoe-shaped  clip,  with  two 
hooked  ends,  is  slipped  on  to  the  conductor,  and  a 
screw-threaded  portion  of  the  insulator  is  screwed 
into  the  loop  thus  formed. 

1,023. — T.  J.  Handford,  London.  [T.  A.  Edison, 
Xew  Jersey,  U.S.A.)  Indicating  and  Re- 
gulating the  Current  of  Electric  Gene- 
rators. 8d.  (5  figs.)  March  3. 

Current  Regul.\tor. — This  invention  relates  to 
means  for  indicating  to  the  engineer  in  charge  of  an 
electric  lighting  station,  when  the  lights  are  above, 
or  below,  the  desired  limit  of  candle  power.  Three 
ways  of  accomplishing  this  are  described  in  the 
specification,  two  being  illustrated  in  Fig.  1,  and 
tlie  third  in  Fig.  2.  The  bell  shown  to  the  left 
of  Fig.  1 is  set  in  operation  whenever  the  dif- 
ference of  potential  at  the  poles  of  the  gene- 
rators exceeds,  or  falls  below,  a given  amount,  the 
action  of  the  bell  being  stronger  in  the  former  case 
than  in  the  latter.  A is  the  generator,  1,  2 the 
main  leads,  and  3,  4 a derived  circuit.  This  circuit 
contains  a resistance  R,  and  an  electro  magnet  B ; 
5,  6 is  a shunt  circuit  around  the  resistance  R, 
and  including  the  resistance  R'  and  the  bell  e. 
The  armature  of  the  electro-magnet  B is  upon  a 
lever  C,  the  free  end  of  which  can  make  contact 
with  either  of  the  terminals  c c’,  or  can  stand  be- 
tween the  two,  where  it  will  be  held  steady  by  the 
movable  stop  C,  which  is  drawn  by  its  spring 
against  the  pin  h.  When  the  difference  of  poten- 
tial between  the  leads  is  too  great,  there  is  an 
increased  current  in  the  magnet  B,  which  attracts 
its  armature,  moving  its  free  end  against  the  stop 
c.  A circuit  is  thus  completed  through  3,  5,  C,  c,  d, 
g,  R’,  6,  and  4,  and  the  bell  rings.  If,  on  the  other 
hand,  the  difference  of  potential  be  too  small,  the 
spring  b overpowers  the  magnet,  and  the  lever  C 
moves  towards  the  contact  c’,  and  then  the  circuit 
is  through  3,  5,  C,  c’,  R^,  d,  g,  R',  6,  and  4,  and  the 
bell  is  rung,  but  with  less  force  than  before,  on 
account  of  the  decreased  current  and  of  the  extra 
resistance  R^.  After  the  alarm  is  given,  the  engi- 
neer varies  the  resistance  of  the  field  magnet  circuit 
by  the  lever  r and  resistance  coils  R' . To  prevent 
injury  to  the  generators  by  too  great  current,  a 
safety-catch  wire  is  inserted  in  one  of  the  mains, 
and  a shunt,  including  a bell  I,  is  formed  round  it. 


When  a current  is  generated,  that  is  greater  than 
the  carrying  capacity  of  the  wire  loop,  it  will  fuse 
the  catch,  and  the  bell  will  then  come  into  action, 
the  current  at  the  same  time  falling  to  a safe 
amount  on  account  of  the  increased  resistance  in  its 
circuit.  Fig.  2 illustrates  an  automatic  appliance 
for  increasing,  or  diminishing,  the  resistance  of  the 
field  magnet  circuit,  according  to  the  retpiirements 
of  the  system.  A is  the  generator,  1,  2 the  main 
leads,  3,  4 a derived  circuit,  which  includes  the 
magnet  coils,  and  the  resistance  B ; 5,  6 a second 
derived  circuit,  comprising  the  resistance  D and 
magnet  C.  The  office  of  this  magnet  is  to  hold 
the  lever  E midway  between  the  two  contacts  c d, 
when  the  difference  of  potential  is  normal,  and 


to  move  it,  or  allow  it  to  move,  against  one  of  them, 
when  the  regulation  has  to  be  effected.  F F’  are 
two  electro-magnets,  each  with  an  armature  lever, 
that  works  like  the  hammer  of  a trembling  bell 
when  a current  is  flowing  round  the  magnet.  When 
the  lever  E comes  against  the  contact  d,  the  circuit 
of  the  magnet  F^  is  completed,  and  the  pawl  H’ 
rotates  the  ratchet  wheel  A,  and  arm  a,  to  cut  some 
of  the  resistances  B out  of  the  magnet  circuit.  On 
the  contrary,  if  the  lever  E makes  contact  with  c, 
the  pawl  H produces  the  contrary  effect.  The 
movable  stop  g insures  a certain  amount  of  stability 
to  the  system,  and  prevents  the  apparatus  being  in 
a constant  state  of  reciprocation. 

1,029. — F.  Wright  and  M.W.W.  Mackie,  London. 

Incandescent  Electric  Lamps.  6d.  (5  figs.) 

March  3. 
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Incanuescexce  Lamps. — This  invention  relates 
chiefly  to  the  construction  of  the  bulbs,  and  to 
means  for  attaching  the  filaments  to  their  con- 
ductors. Fig.  1 shows  the  glass  tube  A,  on  which 
are  fixed  the  conducting  wires  15  B w'ith  the 
carbon  filament  C,  by  means  of  spun  glass  ; this 
is  inserted  into  the  throat  D’  of  the  bulb  1), 
Fig.  2,  which  is  then  heated  so  as  to  collapse 
on  the  tube  A,  thus  closing  the  wires  in  herme- 
tically. While  the  throat  D’  is  soft,  it  is  pushed 
inward  somewhat,  by  means  of  the  tube  A,  so 
as  to  assume  the  shape  shown  at  Fig.  2,  the 


tube  A being  also  heated  and  drawn  out  to  a small 
bore  at  A'.  After  exhausting  the  air  through  the 
tube,  it  is  hermetically  closed,  by  melting  the  part 
at  A’,  the  projecting  end  of  which  is  protected  by 
the  throat  D’  of  the  bulb,  as  shown  at  Fig.  3. 
Figs.  4 and  5 show  the  mode  of  securing  the 
carbon  filament  to  the  conductors.  The  end  of 
the  platinum  conductor  B is  split  and  bent  into 
tubular  form,  and  into  it  is  inserted  the  thickened 
end  E of  the  filament,  which  is  secured  by  a ring  F 
of  steatite. 

1,031. — F.  Wright  and  M.  W.  W.  Mackie,  London. 

Vacuum  Pumps  for  Exhausting  Bulbs  of 

Electric  Lamps,  &c.  6d.  (2  figs.)  March  3. 

IxcANDE.sCENCE  Lamp.s. — Thebulb  to  be  exhausted 
is  connected  to  a pipe  that  ascends  vertically  more 
than  30  in.,  and  then  descends  into  a vessel  of  mer- 
cury below  the  level  of  the  liquid,  the  joint,  where 
it  enters  the  vessel,  being  securely  sealed.  This 
vessel  has  a valve  opening  outwards,  and  is  con- 
nected by  a flexible  tube  with  a second  movable 
vessel  of  mercury.  When  the  second  vessel  is 
raised,  the  mercury  flows  into  the  first,  forcing  out 
the  air  through  the  valve.  When  the  second  is 
again  lowered,  the  mercury  falls,  and  its  place  is 
taken  by  air  from  the  bulb,  the  operation  being 
repeated  until  the  globe  is  sufficiently  exhausted. 
Any  suitable  hygroscopic  substance  may  be  used  to 
dry  the  air. 


1,036. — H.  Liepmann  and  P.  S.  Looker,  London. 
Manufacture  of  Carbons  for  Electrical 
Purposes,  fid.  (3  figs.)  March  3. 

Carbons. — The  carbons  are  made  from  the  waste 
of  Corrosso,  or  vegetable  ivory,  after  it  has  been 
submitted  to  destructive  distillation,  or  to  carboni- 
sation by  heat,  acid,  or  caustic  alkali.  The  carbon 
obtained  is  ground  to  a fine  powder,  and  boiled  in 
a vacuum,  with  a saccharine  solution,  to  give  it 
binding  qualities.  Thus  prepared,  it  is  compressed 
in  a mould,  and,  after  drying,  the  pencils  are 


boiled  in  a vacuum  in  a solution  of  sugar,  and  are 
finally  cai’bonised  at  the  lowest  possible  tempera- 
ture, in  a partial  vacuum.  The  figure  shows  a 
mould  for  making  three  carbons  at  a time.  The 
low’er  half  has  removable  dovetail  ends ; B is  the 
upper  half  forming  part  of  the  ram  of  a hydraulic 
press.  In  making  filaments  for  incandescence 
lamps,  the  shell  only  of  the  Corrosso  nut  is  used. 

I_079.— W.  Crookes,  London.  Incandescent 
Electric  Lamps.  4d.  March  fi. 

Incandescence  Lamps. — The  filaments  are  pro- 
duced from  animal  fibres,  such  as  silk,  hair, 
wool,  silkworm  gut,  horn,  gelatine,  or  parchment, 
by  treating  such  materials  with  cuprammonia,  or 
other  solvents,  and  then  carbonising  them  in  the 
ordinary  manner ; or  the  filaments  may  be  made 
by  carbonising  cellulose,  precipitated  from  solution 
in  cuprammonia  by  evaporation,  or  by  an  acid.  The 
junction  between  the  filament  and  the  conducting 
wires,  is  formed  of  a cement  of  graphitoidal  carbon 
and  water,  to  which  a little  sugar  has  been  added. 
The  conductors  may  have  cup-shaped  terminals,  in 
which  the  ends  of  the  filament  are  embedded  by 
the  cement.  The  ends  of  the  conductors  may  be 
bent  upon  themselves,  so  as  to  form  a clip,  in  which 
the  filament  is  held  by  a light  pressure  at  three  or 
more  points,  the  connection  being  completed  by  a 
carbonaceous  cement.  The  conductors  may  ter- 
minate within  a glass  cup,  into  which  the  end  of 
the  filament  is  loosely  placed,  the  connection  being 
made  by  a carbonaceous  cement.  The  junction  may 
be  made  by  electro-plating  the  extremities  of  the 
filaments,  and  inserting  them,  with  or  without  a 
cement,  into  metallic  tubular  terminations  of  the 
conductors  ; or  the  terminations  of  the  filaments 
and  conductors  may  be  nipped  in  metal  socket- 
pieces.  The  filaments  may  be  strengthened  by  de- 
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positing  carbon  on  tlieni,  from  either  chloride  or 
liromide  of  earbon.  The  resistance  of  the  filament 
is  adjusted  by  exhausting  the  globe,  and  then  filling 
it  with  carbonaceous  vapour  obtained  by  tlie  appli- 
cation of  heat  to  a hydro  carbon  body,  such  as 
india-rubber,  tliat  is  non-volatile  at  ordinary  tem- 
peratures. To  equalise  and  measure  the  resistance 
of  the  filaments,  at  one  operation,  they  are  arranged 
in  series,  and  coupled  with  resistances  in  a Wheat- 
stone bridge  arrangement,  in  which  is  a galvano- 
meter that  shows  when  the  filaments  have  been 
brought  to  the  required  standard  of  resistance. 
This  is  accomplished  by  raising  the  filaments  to 
incandescence  whilst  in  contact  with  a carbonaceous 
vapour,  the  current  being  continued  till  a balance 
is  obtained. 

1,094. — E.  H.  Johnson,  London.  Holders  for 
Electric  Lamps.  6d.  (6  figs.)  March  7. 

Fitting.s. — The  socket  is  composed  of  a base  A, 
a contact  carrier  B,  a hollow  metallic  screw  or 
junction  piece  C,  and  an  enclosing  case  D.  One 
terminal  of  the  lamp  is  connected  to  the  central 


piece  h and  the  other  to  the  screw  y.  The  main 
leads  are  connected  to  the  central  screw,  and  to 
the  peripheral  screw  e.  The  act  of  screwing  the 
lamp  into  the  socket  puts  it  into  circuit. 

*1,132. — G.  Smith,  Bradford.  Earthenware 
Pipes  for  the  Conveyance  of  Gas,  Water, 
&c.  2d.  March  8. 

CoNDCCTOR.s. — The  wires  are  carried  by  earthen- 
ware blocks,  perforated  with  a series  of  holes,  and 
fixed  in  a trench  lined  with  cement. 

1,139. — T.  J.  Handford,  London.  (T.  A.  Edison, 
Eew  Jersey,  U.8.A.)  Dynamo  or  Magneto- 
Electric  Machines.  6d.  (3  figs.)  March  9. 


Dvnaimo-Klkctrio  Okxkrator. — -(Jencrators  of 
the  I’acinotti  type,  constructed  according  to  this 
invention,  have  the  inactive  portions  of  the  coils  of 
a greater  cross  sectional  area,  and  a lower  resistance 
per  unit  of  length,  than  the  active  portions,  thus 
lowering  the  internal  resistance  of  the  generator. 
This  is  accomplished  by  forming  the  bobbin  coils  of 
bars,  which  extend  on  the  outside  of  the  ring,  or 
angular  core,  parallel  with  the  axis  of  rotation,  and 
of  wide  plates  on  the  inside  of  the  ring,  the  bars 
and  plates  being  connected,  to  produce  a continuous 
bobbin,  by  radial  end  bars.  Fig.  1 is  a perspective 


view  of  a portion  of  the  armature  of  a generator, 
the  annular  core  being  shown  in  dotted  lines.  Fig.  2 
is  a half  end  elevation  of  the  armature,  with  the 
commutator  cylinder  and  its  connections  removed, 
and  a half  cross-section  of  the  armature.  Fig.  3 is  a 
plan  of  the  armature,  with  some  of  the  active  bars 
removed,  and  the  annular  core  shown  partly  broken 
away  and  in  section.  A is  the  annular  core,  on  the 
outside  of  which  are  the  active  bars  B,  parallel  with 
the  axis  of  rotation,  whilst  on  the  inside  are  wide 
interior  plates  C,  having  greater  cross-sectional 
area  and  lower  resistance  than  the  active  bars. 
The  bars  B,  and  plates  C,  are  connected  by  radial 
end  bars  D Dh  The  plates  are  set  obliquely  to  the 
axis  of  rotation,  in  order  to  form  with  the  active 
bars  B,  and  radial  end  bars  D T)’,  a continuous 
bobbin. 
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1,142. — T.  J.  Handford,  London  (T . A.  Edison, 
New  Jersey,  U.S.A.)  Regulating  the  Gene- 
rative Capacity  of  Dynamo  or  Magneto- 
Electric  Machines.  Cd.  (2  figs.)  March  9. 

CuRKENT  Reottlator. — The  generator  is  regu- 
lated by  moving  the  brushes  round  the  commu- 
tator towards  and  from  the  points  of  greatest 
potential.  The  apparatus  is  intended  for  use  in 
cases  where  the  lamps,  or  other  translating  de- 
vices, are  arranged  in  parallel  arc  between  two 
mains,  and  is  set  in  operation,  when  the  difference 
of  potential  between  the  terminals  of  the  said 
two  leads  falls  above,  or  below,  a certain  amount. 
The  arms  carrying  the  commutator  brushes  are 
mounted  on  a yoke,  pivotted  on  the  bearing  next  to 
the  commutator.  The  yoke  carries  a wormwheel  e, 
which  engages  with  a worm  e'.  Secured  to  this 
wormwheel  are  two  ratchet  wdieels,  with  teeth 
respectively  leading  in  opposite  dii'ections.  With 
these  two  wheels,  two  pawl  bars  g g,  carried  by 
armature  levers  li  Jd,  engage.  The  lower  ends  of 
tlie  armature  levers  engage  with  circuit  makers  and 


breakers,  which  are  Y-shaped  pieces  playing  be- 
tween contact  screws,  and  making  their  forward 
contacts  when  the  armature  levers  are  retracted, 
and  their  back  contacts  when  such  levers  are  drawn 
forward  by  the  electro-magnets  D Db  In  a multiple 
arc  circuit  7,  8 is  a controlling  electro-magnet  E 
and  resistance  C4.  The  adjustable  shunt  5,  6 runs 
to  the  armature  lever  F,  and  to  the  Y -shaped  circuit 
controllers  n-id.  The  front  and  back  contacts  i i’ 
of  F are  connected  with  D D',  which  are  also  con- 
nected with  the  front  contacts  o o’  of  the  eircuit 
controllers  ?nd.  The  spring  arm  p,  and  stop  ]d, 
determine  the  central  position  of  F.  The  action  is 
as  follows  : When  the  electromotive  force  of  the 
cunent  in  1,2  is  normal,  and  the  candle  power  of 
the  lamps  at  the  desired  point,  the  lever  F will  be 
held  in  a central  position,  breaking  both  divisions 
of  the  shunt  5,  0,  as  shown  in  the  drawings.  An 


increase  in  the  electromotive  force  will  strengthen 
the  magnet  E,  and  draw  the  lever  F against  i, 
closing  the  circuit  through  D.  The  lever  h is  then 
caused  to  vibrate  like  a trembling  bell,  and  through 
the  intermediary  of  the  pawl  and  ratchet  wheel,  to 
move  the  brushes  round  the  commutator  away 
from  the  line  of  maximum  generation.  When  the 
electromotive  force  falls,  the  other  magnet  D’  is 
put  in  action  with  the  contrary  result.  In  a modi- 
fied arrangement,  the  power  for  moving  the  brushes 
is  derived  from  a small  electric  motor.  This  can  be 
driven  in  either  direction,  by  reversing  the  current 
in  its  magnet  eoils.  A derived  circuit  leads  from 
one  of  the  mains  through  the  armature  of  this 
motor  to  a fixed  stop.  Two  movable  stops,  which 
are  the  terminals  of  the  field  magnet  circuit, 
normally  rest  against  the  fixed  stop,  and  conse- 
quently there  is  no  current  in  the  magnet  coils. 
When  the  electromotive  force  rises,  or  falls,  beyond 
a given  limit,  the  armature  lever  of  a coiitrolling 
magnet,  such  as  E,  forces  one  of  the  movable  stops 
away  from  the  fixed  stop.  A circuit  is  thus  opened 
from  one  main,  through  the  armature  coils,  to  the 
fixed  stop,  then  from  one  movable  stop,  through  the 
magnet  coils,  to  the  other  movable  stop,  and  through 
the  armature  lever  F to  the  other  main.  When 
the  armatiu’e  lever  moves  over  in  the  opposite 
direction,  and  reaches  the  other  movable  stop,  the 
direction  of  the  current  in  the  magnet  coils  is. 
reversed. 

1,153. — M.  Zingler,  London.  Substitute  for 
Gutta-Percha.  4d.  March  9. 

In.sul.atino  Material. — Any  one  of  the  hard 
gums  is  dissolved  by  heat  in  turpentine,  to  which 
is  added  a small  quantity  of  camphor,  and  suffi- 
cient sulphur  to  give  the  necessary  hardness.  The 
boiling  is’  continued,  and  a small  quantity  of  albu- 
men added.  To  the  gum  solution  is  then  added 
tannin,  and  the  whole  is  boiled  until  it  assumes  the 
desired  consistency. 

1,162. — W.  R.  Lake,  London.  (//.  S.  Maxim, 
Neiu  Yoi-k,  U.S.A.)  Apparatus  for  the 
Distribution  and  Regulation  of  Electric 
Currents.  Cd.  (1  fig.)  March  10. 

Distributing  Currents. — The  object  of  this  in- 
vention is  to  maintain  the  generative  capacity  of 
the  generators  equal  to  the  requirements  of  the- 
circuit,  by  such  means,  that  the  adjustment  may  not 
be  upset  by  the  resistance  of  the  eonductors,  which 
is  a constant  quantity,  and  does  not  v^ary  with  the 
number  of  lamps  in  use.  To  this  end,  two  wires 
C C arc  run  from  the  centre  of  the  group  of  lamps, 
and  arc  connected  to  an  indicator  G,  and  a regulator 
R.  This  latter  may  be  of  any  known  construction,, 
but  preferably  arranged  to  alter  the  position  of  the 
brushes  on  the  commutator.  By  this  device  the 
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electromotive  force  is  maintained  constant  at  tlic 


point  where  tlie  current  is  utilised,  and  not  at  the 
poles  of  the  generator  as  is  usually  the  case. 


1,163. — W.  R.  Lake,  London.  (E.  Weston,  Neioarh, 
N.J.,  U.S.A.)  Electric  Lighting  Apparatus. 
6d.  (4  figs.)  March  10. 

Arc  Lamp. — This  invention  relates  to  means  for 
bringing  a second  set  of  carbons  into  circuit,  on  the 
onsumption  of  the  first,  in  lamps  having  their  feed 


controlled  by  clutch  mechanism.  This  is  done  by 
packing  up  the  abutment  of  one  of  the  clamping 
levers,  until  the  other  carbons  are  consumed,  and 
then  suddenly  removing  the  packing  piece,  and 


allowing  the  lever  to  drop  into  a position  where  it 
becomes  operative.  The  lamp  shown  in  the  illus- 
tration is  of  the  Weston  type,  but  the  invention 
is  applicable  to  other  forms  of  lamps.  B B is  a 
differentially  wound  controlling  magnet,  acting  on 
the  armature  D,  which  is  carried  on  flat  springs 
E*  E*.  From  this  armature  depend  two  rods 
d d (Figs.  2 and  4)  pivotted  to  the  two  clamp- 
ing levers  E E’,  which  seize,  in  succession,  the 
two  carbon-holders  R R'.  As  shown  in  Figs.  2 
and  5,  the  lever  E'  is  out  of  action,  being  packed 
up  on  the  raised  piece  e'  of  the  bar  L,  the  carbon 
carrier  R'  being  meanwhile  supported  by  the  catch  G 
! (Fig.  1).  Toput  the  second  set  of  carbons  intocircuit, 
the  lever  L must  be  rotated  through  a small  angle, 
thereby  releasing  the  end  of  the  lever  IC,  and  raising 
the  lever  E.  This  is  done  by  means  of  the  electro- 
magnet F and  armature  H.  When  the  first  pair  of 
carbons  is  nearly  burnt  out,  the  collar  W descends 
' on  the  collar  V (Figs.  1 and  5),  and  completes  the 
I circuit  through  the  magnet  F,  which  immediatelj' 

I attracts  its  armature,  and,  in  so  domg,  moves  the 
bar  L,  raising  the  lever  E,  and  dropping  the  lever 
j Eh  At  the  same  time,  a projection  on  the  bar  L 
releases  the  catch  h,  and  allows  the  weight  of  the 
I second  carbon  to  come  on  to  its  clamping  lever. 

1,171. — A.  Graham,  London,  Mechanism  for 
Regulating  the  Burning  of  Carbon  or 
other  Electrodes  in  Electric  Lighting  Ap- 
paratus. 8d.  (12  figs.)  March  10. 

Arc  Lamp. — The  essential  feature  of  this  inven- 
tion is  the  use  of  a verge  escapement  for  controlling 
j the  feed  of  the  carbons.  This  consists  of  a crown 
j wheel,  on  a horizontal  axis,  driving  a pallet  shaft 
set  vertically.  The  motive  power  is  derived  from 
the  weight  of  one  or  both  carbons,  and  is  applied 
to  the  crown  wheel  by  means  of  a grooved  pulley 


and  a cord,  or  by  a rack  and  pinion.  In  the 
accompanying  drawing,  I represents  the  crown 
wheel  in  front  elevation.  The  pallet  shaft  carries 
a balance  or  fly  lever,  one  end  of  which  is  provided 
with  a weight,  and  the  other  with  a circular  rack. 
Immediately  over  this  rack  is  a detent  finger, 
operated  by  a differentially  wound  electro-magnet. 
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AV^lieii  the  normal  current  is  flowing  across  the  arc, 
the  magnet  attracts  its  armature,  anil  draws  the 
detent  into  the  rack,  thereby  stopping  the  feed,  and 
locking  the  carbons.  When  the  resistance  of  the 
arc  is  such  that  the  armature  rises,  the  balance 
lever  becomes  free,  and  allows  the  pallet  shaft  to 
vibrate  and  the  verge  wlieel  to  rotate,  paying  out 
•cord  and  allowing  the  carbons  to  approach  each  other. 
The  arc  is  established  by  the  magnet  G,  which  raises 
the  sheath  or  tube  in  which  the  carbon-holder  slides. 
The  specification  also  illustrates  a lamp  with  the 
carbons  above  the  regulating  mechanism,  two  lamps 
with  inclined  carbons,  and  a lamp  with  horizontal 
carbons,  all  of  w'hicli  are  controlled  in  the  same 
way.  It  further  shows  a lamp  in  which  tlie  regula- 
ting mechanism  comprises  only  a magnet,  armature, 
friction  clutch,  and  detent.  When  the  armature 
descends,  it  carries  the  carbon-holder  with  it,  but 
when,  on  tlie  arc  being  shortened,  the  armature 
ascends,  the  detent  holds  the  carbon  rod,  and  tlie 
clutch  slides  over  it. 

1,172. — J.  Wauthier,  London.  Incandescence 
Electric  Lamps,  &c.  6d.  (5  figs.)  March  10. 

IXCANDE.SCENCE  L.\MPS. — The  bulb  has  an  inner 
neck  a,  sealed  into  its  throat,  and  within  this  neck 
the  platinum  wires  and  the  exhaustion  tube  are 
situated.  The  method  of  manufacture  is  illustrated 
at  Fig.  2.  A tube  of  glass  has  two  nipples  //' 


Llown  on  to  it,  for  the  passage  of  the'platinum  wires 
.j(j,  and  has  a tube  e sealed  into  its  centre.  The 
superfluous  part,  shown  in  dotted  linos,  is  cut  ofTat 
and  the  whole  is  sealed  into  the  globe  neck. 
The  globe  is  exhausted  through  the  tube  e,  which 
is  afterwards  sealed  and  broken  off  as  shown  in 

Fig.  1. 


*1,173. — J.  H.  Johnson,  London  (A.  de  Meri- 
ted, Paris).  Electric  Accumulators.  2d. 

March  10. 

Secondary  Batterie.s. — The  lead  plates  are 
separated  from  each  other  by  frames  of  wood, 
preferably  covered  with  india-rubber  or  other 
insulating  material.  The  end  plates  are  covered 
with  slabs  of  wood,  projecting  above  the  plates, 
and  through  the  projecting  parts  bolts  are  passed, 
to  clamp  the  whole  together. 

1,174. — J.  S.  Williams,  Riverton,  N.J.,  U.S.A. 

Generation,  Distribution,  Storing,  &c.,  of 

Electricity,  and  Apparatus  therefor.  Is.  8d. 

(20  figs.)  March  10. 

I)i.STRiBUTiNG  CuRRENT.s. — The  flow,  01’  head  of 
water,  in  the  pipes  or  mains,  the  reservoirs  of  a 
water  supply  system,  the  drainage  from  land,  or 
the  flow  of  matter  in  sewers,  may  be  utilised  to 
drive  turbines,  or  water-wheels,  with  which  are 
combined  dynamo-electric  generators.  The  cur- 
rents so  produced  are  conveyed  into  a prime  storage 
system,  and  thence  to  auxiliary  accumulators,  placed 
at  or  near  the  various  translating  devices,  or  the 
prime  system  may  be  dispensed  with,  in  which 
case  the  generators  discharge  their  currents  into 
the  consumption  circuits  direct.  Tlie  translating 
devices  are  placed  in  branches  and  sub-branches  of 
the  consumption  circuit.  To  prevent  overcharg- 
ing the  conductors,  they  are  connected,  by  auto- 
matic cut-offs,  with  secondary  batteries,  so  pro- 
portioned as  to  provide  for  the  storage  of  all  the 
currents  that  can  be  produced  by  the  generators. 
The  speed  of  the  turbines  is  controlled  by  cut-off 
gates,  which  are  opened  or  closed  by  an  electro- 
magnet, and  a small  electric  motor. 

Dynamo  - Electric  Generator.  — To  prevent 
heating  the  bearings,  the  axles  have  enlargements, 
which  fit  in  corresponding  cavities  formed  in  the 
bearings,  communicating  witli  oil  reservoirs,  these 
again  communicating  with  other  reservoirs  fitted 
with  check  valves.  A thermostat  and  circuit  closer 
are  connected  with  the  bearings,  which,  on  their  be- 
coming heated,  close  tlie  circuit  of  an  electric  motor, 
and  thereby  lower  the  cut-off  gate,  and  so  check  the 
turbine.  The  field  magnets  arc  preferably  excited 
by  the  current  from  a secondary  battery,  but  may 
be  placed  in  a shunt  from  the  main  circuit.  The 
armatures  arc  made  in  sections,  of  box-like  shape, 
which  contain  the  coils,  and  are  so  formed  as  to  fit 
upon,  and  be  secured  “ to  the  periphery  of  the  body 
of  the  armature.”  Two  armatures  arc  used,  and 
the  coils  arc  cither  coupled  up  independently,  or 
the  coils  of  one  armature  arc  connected  to  those 
of  the  other.  The  commutator  is  enclosed  in  a case, 
containing  at  its  lower  part  an  absorbent  material 
and  a lubricant,  which  serve  to  prevent  sparking. 
The  brushes  are  placed  vertically,  and  are  pressed 
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up  by  springs.  The  inducing  faces  of  the  arma- 
tures are  arranged  perpendicularly  to  the  axles, 
and  revolve  in  proximity  to  the  outer  faces  of  the 
field  magnets  ; or  they  may  be  arranged  to  revolve 
between  the  field  magnets. 

Motors. — These,  for  ordinary  purposes,  are  con- 
structed in  the  same  manner  as  the  generators. 
When  used  for  propelling  vehicles,  on  rail  or  tram- 
ways, the  armatures  are  built  up  in  sections,  and  are 
secured  to  the  inner  faces  of  the  wheels.  It  is  pre- 
ferred to  fit  one  carriage  with  sufficiently  powerful 
motors  to  draw  a train. 

CurrentMeter. — A vibrating  armature,  pivotted 
to  a suitable  support,  carries  a spring  pawl,  which 
engages,  on  its  forward  movement  only,  with  a 
ratchet  wheel,  combined  with  recording  mechanism, 
through  the  medium  of  speed-reducing  gear.  The 
armature  is  spring  mounted,  and  vibrates  before  a 
magnet  arranged  in  a shunt  circuit,  which  is  made 
and  broken  by  a suitable  contact  maker  attached 
to  the  armature.  A solenoid,  included  in  the  shunt 
circuit,  controls  the  movement  of  the  vibrating 
armature,  through  the  medium  of  its  core,  and  a 
cam-ended  link,  whose  movement  is  checked  by 
a dash-pot.  In  a modification,  the  vibrating  arma- 
ture is  somewhat  differently  piv’otted,  and  the  dash- 
pot  is  replaced  by  a spring.  To  prevent  tampering 
with  the  meter  by  magnets  on  its  exterior,  and  to 
prevent  wear  of  the  parts,  the  movable  mechanism 
is  immersed  in  an  insulating  liquid. 

Secondary  Batteries. — The  elements  consist  of 
cells  of  suitable  material,  such  as  lead,  into  which 
is  introduced  granulated  carbon  and  lead  filings, 
with  or  without  metallic  oxides.  The  terminals  are 
placed  in  the  granulated  mass.  The  electrolyte  is 
an  acidulated  or  alkaline  solution.  Lead  plates  only 
may  be  used,  separated  by  granulated  glass,  or 
pumice  stone. 

1,191. — T.  J,  Handford,  London.  (T.  A.  Edison, 
Neio  Jersey,  U.S.A.)  Regulating  the  Re- 
generative Capacity  of  Dynamo  or  Mag- 
neto-Electric Machines,  fid.  (7  figs.) 
March  11. 

Current  Regulator. — This  invention  relates 
to  means  for  automatically  regulating  the  generative 
capacity  of  dynamo-electric  generators,  to  accommo- 
date the  addition  or  removal  of  lamps  in  a multiple 
arc  system.  It  is  an  improvement  upon  the  method 
described  in  Letters  Patent  No.  2,482  of  1881.  The 
figure  represents  groups  of  lamps,  arranged  in  mul- 
tiple arc  upon  conductors  branching  from  the  mains 
1 and  2.  In  one  of  each  pair  of  branches  is  placed 
an  electro-magnet  B,  provided  with  an  armature  f. 
The  field  circuit  is  a shunt  from  the  main  con- 
ductors, and  it  embraces  a set  of  resistances  R, 
R',  and  R^,  one  for  each  branch  circuit.  Around 
the  resistances  are  shunt  circuits  h,  e,  d,  to  the 


armature  level’s  f,  and  their  front  contact  stops  i, 
by  the  opening  or  closing  of  which,  by  the  electro- 
magnets B,  the  power  of  the  field  magnet  is 
diminished  or  increased.  The  apparatus  operates 
in  the  following  manner  : When  there  are  too 
few  lamps  in  circuit  for  the  magnets  to  attract 
their  armatures,  the  minimum  current  will  flow 
through  the  field  circuit,  but  after  a certain  number 
of  lamps  have  been  added  to  any  particular  group, 
(for  example,  to  circuits  7 and  8),  the  magnet  of  that 
group  will  be  sufficiently  excited  to  attract  its  arma- 
ture, and  close  the  circuit.  This  will  cut  the 
resistance  R'  out  of  circuit,  and  strengthen  the  field 
magnet,  whereby  the  electromotive  force  of  the 
generator  will  be  increased  to  the  proper  degree  for 
supplying  all  the  lamps  of  that  group.  As  the 
lamp  circuits  are  broken,  the  rev’erse  action  takes. 


place.  In  lieu  of  cutting  out  and  throwing  iu 
resistance,  the  electro-magnets  maybe  used  to  close 
and  open  different  circuits  around  the  field  mag- 
nets. Another  part  of  the  invention  relates  to 
the  use  of  graduated  or  successively  acting  con- 
trivances, for  the  same  purpose.  Electro-magnets 
of  graduated  power,  arranged  in  a variety  of  ways, 
in  connection  with  the  main  conductors,  operate 
so  as  to  cut  out  resistances  in  the  field  circuits, 
in  succession,  as  a greater  electromotive  force 
is  required.  To  prevent  undue  incandescence 
in  the  lamps,  owing  to  an  increase  of  speed  of  the 
motor,  and  consequent  augmentation  of  electro- 
motive force,  an  electro  - magnet  is  placed  iu 
multiple  arc  from  the  main  leads,  and  opens  and 
closes  a circuit,  through  a resistance  in  one  of  the 
mains,  or  around  the  graduated  magnets,  in  such  a, 
manner  as  to  weaken  the  power  of  the  field  circuit. 

1,199.— R.  Kennedy,  Glasgow.  Electric  Lamp, 
fid.  (4  figs.)  March  13. 

Arc  Lamps.  This  is  a differential  lamp,  having 
the  fine  wire  coil  wound  on  the  movable  core  of 
the  thick  wire  coil,  and  travelling  up  and  down 
with  it.  The  current  is  conveyed  in  and  out  of 
the  fine  wire  coil,  by  the  chains  from  whicli  it 
is  suspended.  Referring  to  the  figures,  the  thick 
wire  coil  B,  in  the  arc  circuit,  tends  to  raise 
the  upper  carbon,  while  the  fine  coil  C,  in  the 
shunt  circuit,  tends  to  depress  it.  The  latter  is. 
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wound  on  the  soft  iron  tube,  which  forms  the 
core  of  the  coil  B.  The  upper  carbon  is  con- 
nected directly  to  this  core,  and  passes  through  a 
guide  o'.  The  lower  carbon  is  susjtended  by  chains 
that  pass  over  pulley  v </',  and  are  connected  to  the 
core,  consequently  the  two  carbons  move  simulta- 
neously in  opposite  directions.  One  edge  of  the 
pulley  y'  is  provided  with  ratchet  teeth,  engaging 


with  a pawl  /d,  to  prevent  the  carbons  drawing 
apart  while  the  lamp  is  in  action.  A string  y 
lifts  out  the  pawl  when  fresh  carbons  are  to  be 
put  in.  The  specification  illustrates  two  modi- 
fications of  the  lamp,  both  embodying  the  same 
principle.  One  is  arranged  to  stand  on  a table,  and 
the  other  has  both  coils  movable  in  relation  to  each 
other,  the  thick  wire  coil  in  the  latter  being  sus- 
pended between  suitable  guides. 

*1,201. — R.  Matthews,  Hyde.  Dynamo-Electric 
or  Electro-Dynamo  Machines.  2d.  March 
13. 

Dynamo-Electric  Generator. — “Any  number 
of  electro-magnets  are  arranged  to  present  any 
number  of  magnetic  fields  round  a circle,  presenting 
a number  of  successive  fields  of  like  polarity.  A 
number  of  coils  of  insulated  wire,  or  bars,  may  be 
wound  or  fixed,  either  on  cores  of  iron,  or  of  wooden 
material ; but,  by  preference,  the  core  is  made  of  thin 
sheet-iron  strips,  arranged  in  lincsof  force,  orparallel 


thereto,  or  to  which  is  fixed  one,  two,  or  three 
layers  of  the  coils,  and  then  another  covering  of 
iron,  covered  by  another  coil  of  insulated  wire,  and 
w'hen  all  the  insulated  wire  is  coiled  on,  the  two 
poles  are  coupled  externally  of  the  coil,  so  that  the 
induced  ciu-rent  commences  in  the  cores  before 
the  coils  come  opposite  the  magnetic  fields.”  Alter- 
nating generators  are  made,  according  to  this 
invention,  with  an  odd  number  of  armature  coils, 
and  an  even  number  of  magnet  fields.  The  commu- 
tators are  made  of  rings,  having  teeth,  the  number 
of  rings  being  equal  to  twice  the  number  of 
armature  coils.  This  invention  appears  to  be  in- 
cluded in  Specification  No.  3,334  of  1882. 

1,211. — H.  E.  Newton,  London.  {A.  I.  Gmvier, 
Paris.)  Machinery  for  Obtaining  Electric 
Currents.  6d.  (4  figs.)  March  13. 

Dynamo-Electric  Generator.  — Referring  to 
the  illustrations.  Fig.  1 is  intended  to  illustrate  the 
principle  upon  which  the  generator  is  constructed. 
A small  helix  /;,  surrounding  the  magnet  A B,  is 
moved  successively  from  0 to  B,  and  from  B to  O', 
from  O'  to  A,  and  back  again  to  0,  which  movement 
gives  rise  to  induced  currents  in  the  helix,  flowing 
in  the  direction  of  the  arrows.  Fig.  2 represents 
diagrammatically  a generator  on  this  system,  for 


the  production  of  continuous  currents.  The  ring  is 
made  of  iron,  as  in  the  Gramme  generator,  and  is 
surrounded  by  a series  of  coils  of  insulated  copper 
wire.  The  ends  of  the  coils  are  connected  up  in 
series,  and  from  each  junction  a wire  is  led  to  a 
plate  of  a suitable  commutator,  carried  upon  the 
spindle  of  the  generator.  In  the  event  of  a current 
being  passed  into  the  coils  by  the  aid  of  two  brushes 
at //,  an  annular  electro-magnet  would  be  produced 
with  consequent  poles  at  A B,  and  neutral  points  at 
0 O'.  During  rotation  of  the  ring,  the  poles  and 
neutral  points  wmuld  not  change  their  position  in 
relation  to  the  generator,  but  if  the  ring  be  fixed, 
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and  the  brushes  revolve,  the  poles  would  travel 
around  the  centre.  The  ring  is  surrounded  by  a 
second  series  of  insulated  wire  coils,  arranged  and 
coupled  in  a similar  manner  to  the.  first  series,  the 
junctions  being  connected  to  commutator  plates 
situated  upon  the  opposite  side  of  the  generator. 
This  commutator  is  provided  with  a pair  of  brushes 
P placed  at  right  angles  to  the  first  pair.  On 
causing  the  composite  ring  to  revolve,  the  successive 
passages  of  the  secondary  coils,  over  tlie  consequent 
poles  A and  B,  will  induce  currents  in  the  coils, 
which  may  be  collected  by  the  brushes/’  In 
place  of  causing  the  ring  to  rotate,  it  may,  in  some 
cases,  be  found  convenient  to  make  it  stationary 
and  to  make  the  brushes  f f revolve.  It  may  also 
be  advisable  to  place  masses  of  iron  in  front  of 
the  magnet  poles,  and  these  may  form  part  of  the 
framing,  as  shovra  in  Tigs.  3 and  4.  The  secondary 
coils  are  formed  of  either  thick  or  thin  wire,  as 
compared  with  the  primai'y  coils,  according  to  the 
character  of  the  currents  required.  By  causing 
the  two  secondary  brushes  /i to  revolve  with  the 
ring,  and  by  connecting  them  with  a pair  of  in- 
sulated metal  rings  attached  to  the  spindle,  alter- 
nate currents  may  be  collected.  Instead  of  being 
supplied  with  an  electric  current  from  an  external 
source,  the  primary  coils  may  be  fed,  either  partially 
or  wholly,  by  the  current  induced  in  the  secondai-y 
coils.  In  the  latter  case,  however,  it  is  necessary 
that  the  generator  should  be  separately  excited,  at 
the  commencement,  to  enable  it  to  start. 

1,225.  — M.  Evans,  Wemyss  Bay,  Renfrew’,  N.B. 
Apparatus  for  Gauging  ]Carbons,  Fila- 
ments, &c.  6d.  (10  figs.)  March  14. 

Incandescence  Lames. — The  filament  to  be 
gauged  is  placed  between  a fixed  and  a movable 
jaw.  The  position  of  the  jaws  regulates  the  angle 
of  a mirror,  which  reflects  a beam  of  light  upon  a 
scale,  the  particular  point  of  the  scale  upon  which 
the  beam  is  thrown  indicating  the  thickness  of  the 
filament. 

1,249. — L.  Levey  and  E.  Lumley,  New  York, 
U.S.A.  Armatures  for  Magneto-Electric 
Machines,  &c.  6d.  (10  figs.)  March  15. 

Dynamo-Electric  Generator. — The  core  of  a 
Gramme  armature  is  formed  of  a number  of  alternate 
plates  of  sheet  metal  and  non-conducting  material, 
all  the  plates  being  cut  in  the  form  of  a wheel,  wdth 
hubs,  spokes,  and  rim,  and  either  with  or  without 
projecting  pieces  in  line  with  the  spokes.  The 
plates  are  threaded  on  a shaft,  and  insulated  wire 
is  wound  between  the  spokes  in  the  usual  manner. 
In  some  cases  it  is  only  the  non -magnetic  plates 
that  have  spokes,  and  in  others  ventilating  spaces 
are  left  between  the  iron  rings. 


Arc  Lamp. — This  specification  also  describes  an 
arc  lamp,  having  two  difierentially  wound  magnets, 
acting  on  armatures  on  the  opposite  ends  of  a 
balance  beam  fixed  on  a rocking  shaft.  An  arm  on 
this  shaft  is  connected  by  a rod  to  a clutch  washer, 
which  controls  the  feed  of  the  upper  carbon. 

*1,274. — F.  Wright  and  M.  W.  W.  Mackie, 
London.  Incandescent  Electric  Lamps. 
2d.  March  16. 

Incandescence  Lamps. — The  globes  are  made 
with  a tubular  stem  for  carrying  the  conducting 
wires,  and  the  tube  of  the  vacuum  pump.  The 
filaments  are  prepared  from  the  fibres  of  a plant 
specially  grown  in  distilled  w’ater,  or  other  medium 
not  containing  inorganic  matter. 

1,288. — J.  B.  Rogers,  London.  Incandescent 
Lamps,  &c.  6d.  (14  figs.)  March  16. 

Incande.scence  Lamps. — The  platinum  conduct- 
ing wires  are  sealed  directly  into  the  globe,  without 
the  use  of  leg-pieces,  a portion  of  the  loops  forming 
the  external  terminations  of  the  conductors  being 
sealed  into  the  glass.  The  sockets  are  provided 
with  spring  loops,  or  fingers,  tending  to  force  the 
lamp  out,  and  so  insuring  good  contact  between 
the  platinum  loops  and  the  external  conductors. 
A switch  has  a plug  of  insulating  material,  with 
a conducting  portion  let  into  it  in  such  a manner, 
that,  on  turning  the  plug  a quarter-turn,  the  circuit 
is  broken.  A testing  apparatus  for  filaments  acts 
on  the  principle  of  the  Wheatstone  bridge.  The 
pump  is  of  the  Sprengel  type.  Neither  of  these 
two  latter  arrangements  are  included  in  the  provi- 
sional specification,  nor  are  their  points  of  novelty 
specified. 

1,302. — Hon.  R.  Brougham,  London.  Electro- 
lier. fid.  (7  figs.)  March  17. 

Fittings. — The  electrolier  consists  of  a tubular 
stem  fixed  in  any  suitable  manner.  There  is  a collar 
upon  thestem,  and  beyond  thisa  flanged  nut,  screwed 
upon  the  stem.  Two  metal  plates  of  ornamental 
form  are  clamped  between  the  collar  and  the  nut, 
and  are  separated  by  a thick  disc  of  vulcanite,  and 
thinner  discs  of  vulcanite  serve  to  insulate  the 
plates  from  the  collar  and  nut  upon  the  stem. 
The  parts  of  the  plates  projecting  over  the  separat- 
ing disc  are  formed  with  radial  grooves  on  their 
inner  surfaces.  Each  lamp  is  inserted  between  the 
two  plates  carried  by  the  stem,  and  is  provided 
with  two  contact  springs,  diametrically  opposite 
each  other,  fixed  to  the  exterior  of  the  socket  which 
encloses  the  neck  of  the  lamp.  The  springs  press 
against  the  plates  when  the  lamp  is  in  place,  and 
the  plates  are  connected  to  the  conductors  passing 
down  the  centre  of  the  stem  and  through  the  thick 
vulcanite.  mij 
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1,324. — J.  D.  F.  Andrews,  Glasgow.  Electric 
Lamps.  6(1.  (9  figs.)  March  18. 

Arc  Lamp. — The  regulation  is  effected  by  a brake, 
taken  off  by  the  eore  of  a solenoid  in  a shunt  circuit, 
when  the  arc  resistance  increases.  The  solenoid  core 
is  attached  to  the  brake  lever  by  a slotted  connec- 
tion, so  that  the  brake  is  not  affected  by  minute 
variations  of  current.  Refemng  to  Fig.  1,  the 
upper  carbon  is  carried  by  a vertical  tube,  sliding  in 
guides  over  a fixed  piston  H.  The  tube  and  piston 
together  form  a dash-pot,  which  modifies  the  motion 
of  the  electrode.  As  the  arc  resistance  increases, 
the  shunt  current  in  the  solenoid  raises  the  lower 
electrode  and  its  core,  until  the  brake  D is  raised, 
when  the  upper  electrode  slides  down.  “Or  instead 
of  the  dash-pot,  a second  clutch  may  be  employed, 
worked  by  a third  arm  of  the  core  lever  G,  the 
arms  being  so  arranged  that  one  clutch  becomes 
released  just  before  the  other.  Thus  the  clutch 


first  released,  being  of  the  oblique  plate”  (Brush 
washer)  “kind,  and  the  other,  being  a friction  clutch, 
the  carbon  can  descend  slowly  when  the  first  is 
released,  but  cannot  descend  rapidly  until  both  are 
released.”  Figs.  2 and  3 show  an  arrangement  for 
storing  several  pairs  of  carbons,  and  bringing  them 
successively  into  action.  The  lower  carbons  E are 
each  forced  upwards  by  a strong  spring,  but  are 
retained  within  their  case  hy  an  internal  lip  that 
runs  along  each  edge.  The  upper  ones  are  kept  in 
position  by  friction,  with  the  exception  of  one  that 
is  grasped  between  a pair  of  oblique  or  conical 
rollers  driven  from  the  controlling  mechanism. 
When  the  first  upper  carbon  is  burnt  out,  the  stump 
falls  from  between  the  rollers,  which  are  imme- 
diately pressed  nearer  together  hy  springs  and  grasp 
the  second  one,  and  so  on. 


Incandescence  Lamp. — An  incandescence  lamp, 
according  to  this  invention,  has  a carbon  plate,  or 
a series  of  plates,  in  lieu  of  filaments.  These  are 
clamped  at  the  opposite  edges  between  loops  of 
the  conducting  wires.  The  carbon  plate  may  be 
divided  into  sections,  which  are  arranged  so  that 
one  or  more  may  be  brought  into  circuit,  according 
to  the  illuminating  power  required. 

1,327. — L.  J.  Crossley,  Halifax,  J.  F.  Harrison, 
Bradford,  and  W.  Emmot,  Halifax.  Trans- 
mission of  Electric  Currents  of  High 
Tension.  6d.  (1  fig.)  March  18. 

Distributing  Currents.  — This  invention  re- 
lates to  certain  arrangements  by  means  of  which 
“telephone  and  other  lines  of  suitable  resistance 
may  be  used  for  the  conveyance  of  powerful 
currents  of  electricity  for  electric  lighting,  electro- 
plating, the  transmission  of  power,  and  other 
purposes  where  electricity  of  high  tension  is  em- 
ployed, without  danger  to  the  usual  telephonic, 
telegraphic,  and  other  instruments.”  In  this 
specification  ‘ ‘ tension”  appears  to  be  employed  to 
signify  strength  of  current.  The  main  leads, 
coming  from  the  dynamo-electric  generators  A, 
situated  in  the  central  exchange,  are  passed 
through  a switch  B to  the  lines,  and  in  each  line 
is  interposed  an  indicator  C,  wound  with  thick 
wire.  Each  subscriber  is  also  provided  with  a 


safety  indicator  C*,  wound  with  thick  wire,  and 
connected  to  line,  the  telephone  apparatus  D 
being  connected  to  the  repose  eontact  E of 
this  indicator.  A current  of  “high  tension,” 
flowing  through  the  indicators,  will  work  them 
both,  and  the  armature  F of  the  indicator  C', 
coming  in  contact  with  the  stud  G,  will  auto- 
matically switch  the  line  to  the  lamps  H,  or  to  a 
secondary  battery,  or  elsewhere,  while  the  currents 
used  in  telephonic  signalling  will  not  affect  the 
armature,  and  thus,  under  ordinary  circumstances, 
the  line  will  be  switched  to  the  telephone.  When 
the  subscriber  wishes  to  communicate  to  the 
central  office,  he  breaks  the  circuit,  and  the  com- 
municator C indicates  the  fact.  A secondary 
battery  may  be  used  to  maintain  the  lights  while 
the  line  is  in  toleplionic  operation. 

1,336. — A.  J.  Boult,  London.  (,/.  IF.  T/iomnn 
and  L.  F.  Nequa,  New  York.)  Manufacture 
of  Coverecd  or  Insulated  Wire.  8d.  (5  figs.) 
March  18. 
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Conductors. — A series  of  wires,  and,  at  the  same 
time,  each  wire  independently,  is  covered  with 
two  separate  longitudinal  strips  of  rubber,  each 
strip  having  a width  equal  to  half  the  circum- 
ference of  tlie  wire  ; these  strips  are  curved  round 
the  wire  and  joined  together  at  the  edges  by  pass- 
ing between  multigroovcd  rollers.  Two  coatings 
of  this  kind  are  applied  to  the  wire,  with  an  inter- 
mediate winding  of  tarred  tape  between  the  two 
rubbers.  The  covering  apparatus  consists  of  two 
series  of  grooved  rollers,  with  separate  bobbins, 
carrying  the  narrow  rubber  strips,  and  mounted  in 
operative  relation  to  the  separate  grooves  of  the 
rollers,  and  with  tape-winding  devices  between 
the  two  sets  of  rollers,  whereby  the  wires  are 
drawn  through  the  first  set  of  rolls  and  are  covered 
with  one  rubber  coat,  which  is  then  wound  with 
the  intermediate  tape,  and  finally  covered  with  a 
second  rubber  coating  in  passing  through  the 
second  set  of  rollers. 

*1,345. — D.  Bremner,  London.  Coupling  for 
Joining  Lengths  of  Wire.  2d.  March  20. 

Conductors.  — The  coupling  consists  of  two 
metallic  parts,  identical  in  shape,  and  capable  of 
interlocking  by  means  of  inclined  surfaces,  or 
tongues,  or  grooves.  Before,  or  after  being  placed 
in  the  coupling  piece,  the  extremity  of  each  wire 
is  bent  at  an  angle,  to  prevent  it  slipping  through 
the  coupling. 

1,347.— S.  E.  Phillips,  London.  (Partly  IF.  G. 
Johnson,  Mentone.)  Machine  for  Generat- 
ing Electric  Currents.  4d.  March  20. 

Dynamo-Electric  Generator. — The  object  is 
to  wind  a given  weight  of  generating  conductor 
into  a smaller  space  than  by  the  usual  methods. 
On  the  outer  edge  of  a disc,  preferably  of  metal, 
either  a single  or  double  circle  of  coils  is  fixed, 
one  circle  on  each  side  of  the  disc.  Or  a single 
circle  of  coils  is  made  to  drop  into  openings  cut  in 
the  disc,  in  addition  to  the  other  coils.  The  coils 
are  preferably  made  from  square  wire.  The  field 
magnets  and  commutator  are  of  the  ordinary  con- 
struction. 

1,363. — F.  Maxwell-Lyte,  London.  Secondary 

Batteries.  4d.  March  21. 

Secondary  Batteries. — The  electrodes  are  made 
of  insoluble,  or  only  slightly  soluble,  lead  salts, 
such  as  the  haloid  salts  of  lead,  fused  and  cast  into 
plates,  which  are  then  “formed”  in  a solution  of 
sulphuric  acid  in  the  usual  way.  The  electrodes 
may  be  cast  upon  central  wire  cores,  or  be  run  into 
a network  of  wires,  or  porous  carbon.  Soluble  lead 
salts  are  also  run  into  any  suitable  porous  material, 
and  converted,  within  the  pores,  into  an  insoluble 


salt,  by  immersion  in  a saline  solution.  The  elec- 
trodes are  built  into  batteries  with  separating  dia- 
phragms of  porous  paper,  or  other  suitable  material. 

1,368. — A.  E.  Dolbear,  London.  Electrical 
Cables.  6d.  (3  figs.)  March  21. 

Conductor.^. — To  minimise  the  extent  of  contact 
surface  between  a conductor  and  its  insulating 
covering,  the  conductor  is  supported  centrally  in 
a non-conducting  pipe,  as  shown  in  the  figures. 
Around  the  conductor  a is  wound  spirally  a cord  of 
cotton,  or  other  suitable  material,  preferably  hard 
twisted,  its  function  being  to  prevent  the  collapse 


of  the  insulating  pipe  d.  When  the  pipe  is  suf- 
ficiently strong,  the  spiral  is  omitted,  and  the 
conductor  allowed  to  lie  in  direct  contact  with 
the  pipe.  The  outer  sheathing  may  be  of  any 
approved  construction.  The  pipe  d is  preferably 
formed  of  several  thicknesses  of  paper,  rendered 
waterproof,  and  cemeuted  by  india-rubber  cement. 

1,390. — J.  B.  Rogers,  London.  Driving,  Re- 
gulating, and  Indicating  Speed  of  Dy- 
namo Machines.  6d.  (11  figs.)  March  22. 

Dynamo-Electric  Generator. — This  invention 
relates  to  apparatus  for  driving  a dynamo-electric 
generator  from  the  axle  of  a railway  carriage,  in 
such  a manner,  that  its  speed  is  maintained  at  a 
uniform  rate  at  whatever  speed  the  train  be  moving. 
This  is  effected  by  cone  pulleys,  and  a belt-strik- 
ing gear,  under  the  control  of  an  attendant.  The 
apparatus  is  pi’ovided  with  reversing  gear.  The 
invention,  secondly,  relates  to  speed-indicating  ap- 
paratus, in  which  a vertical  spindle  is  rotated  from 
one  of  the  drums  of  the  driving  mechanism.  The 
spindle  is  hollow,  and  is  surmounted  by  a cap,  from 
which  two  arms  project  at  right  angles.  These 
arms  carry  weights,  connected  by  chains  to  a cross- 
bar, which  is  free  to  rise  within  slots  formed  in  the 
spindle.  The  ends  of  the  chains  are  attached  to 
a spring  encircling  the  spindle,  which  opposes  the 
centrifugal  force  of  the  weights.  The  cross-bar 
carries  a rack,  into  which  a pinion,  on  the  back  of 
a dial  plate,  gears,  and  to  which  the  indicating 
finger  is  attached.  It  is  pro^iosed  to  use  secondary 
batteries  to  maintain  the  lights  during  the  stoppages 
of  the  train. 

*1,392. — W.  Graham  and  H.  J.  Smith,  Glasgow. 
Incandescent  Electric  Lamps.  2d.  March 
22. 

Incandescence  Lamp.s. — The  filaments  are  end- 


cclxxxiv 


Abstracts  of  Patents. — 1882. 


less  bands  of  carbon,  the  two  conductors  being 
connected  at  points  on  the  circumference  equi- 
distant from  each  other.  In  a modified  arrange- 
ment, small  carbons  are  used  in  place  of  endless 
bands. 

1,400. — T.  E.  Gatehouse,  London.  Incan- 
descent Electric  Lamps.  2d.  March  23. 

Incandescence  Lamps. — In  place  of  employing 
the  compound  filament  of  platinum  and  carbon 
in  two  parallel  circuits,  as  described  in  Patent 
No.  3,420  of  1881,  the  two  materials  are  arranged  to 
form  a continuous  filament.  A convenient  arrange- 
ment is  to  attach  to  the  conducting  wires,  her- 
metically sealed  in  the  glass  globe,  short  lengths 
of  platinum  wire,  connected  by  a loop  of  carbon 
filament.  To  obtain  the  best  effect,  each  part 
of  the  conductor  should  have  such  dimensions, 
that  the  resistance  of  the  platinum,  at  ordinary 
temperatures,  should  be  to  that  of  the  carbon,  in 
about  the  proportion  of  3 or  5 to  100.  Such  a 
compound  conductor  may  be  introduced  into  the 
main  conductor  of  a series  of  lamps,  so  as  to  act  as 
a regulator. 

1,412. — 0.  E.  Woodhouse  and  F.  L.  Rawson, 
London.  Electric  Lighting,  fid.  (32  figs.) 
March  23. 

Incandescence  Lamps.  — One  part  B,  of  the  lamp 
globe,  shown  at  Fig.  1,  is  rendered  reflective,  by 
the  application  of  silver,  or  tin  foil,  either  inside 
the  globe  before  exhaustion,  or  preferably  outside 
after  exhaustion.  When  externally  applied,  the 
silver  is  protected  by  a coating  of  copper,  and 
that,  again,  by  a coat  of  thin  metal,  or  varnish. 
Several  modifications  are  described  for  accomplish- 


ing this  object.  The  filament  may  be  formed  of 
carbon  and  a metallic  substance,  the  latter  being 
extended  beyond  the  carbon,  so  as  to  form  a re- 
flector. A modification  retains  the  compound  form 
of  filament,  but  dispenses  with  its  reflective  portion. 
Figs.  2 and  3 represent  a methoil  of  connecting  the 
filaments  to  the  conductors.  The  conductors  ter- 


minate in  thin  copper,  or  platinum  plates,  which 
are  notched,  as  shown.  The  pieces  notched  out 
are  turned  up  in  such  a manner  as  to  hold  the  ends 
of  the  filament  in  a slightly  bent  form.  Or  the 
conductors  may  terminate  in  a spiral,  bent  out  of 
line.  The  so  formed  spring  is  closed  together, 
and  the  end  of  the  filament  inserted,  the  spring  is 
then  allowed  to  extend,  and  so  holds  the  filament. 
Various  modifications  for  connecting  the  conductors 
and  filaments  are  described  and  illustrated.  Figs. 
4 and  5 show  an  undulatory  junction  spring  clip, 
for  attaching  the  lamp  to  a stand,  so  as  to  make 
a secure  joint,  and  good  contact.  The  stand  con- 
sists of  a split  metallic  cylinder,  each  half  in- 
sulated from  the  other,  and  connected  each  to  one 
of  the  conductors.  The  semi-cylindrical  clips  are 
undulated  in  the  direction  of  their  length,  and  fit 
similar  undulations  m the  neck  of  the  lamp.  The 
ends  of  the  platinum  conductors  are  brought  through 
the  upper  part  of  the  neck,  and  are  led  along  the 
interior  of  the  undulatory  plug.  When  the  lamp 
is  pressed  on  to  the  cylindrical  joint,  the  latter 
opens  by  its  elasticity,  and  so  makes  contact,  the 
clip  serving  to  hold  the  lamp. 

1,437. — S.  Cohne,  London.  Electric  Accumu- 
lator. 4d.  March  25. 

Secondary  Batterie.s.  — A sheet  of  lead  is 
covered  with  a layer  of  mercuric  sulphide  (Hg  S), 
in  the  form  of  cinnabar,  or  vermilion.  The  coated 
lead  sheet  is  bent  into  the  form  of  a box,  or  of  a 
spiral,  and  is  used  as  the  positive  electrode  of  the 
battery.  A second  sheet  is  prepared  in  the  same 
way  for  the  negative  electrode.  Both  sheets  are 
perforated,  and  are  placed  in  a cell  of  dilute  sul- 
phuric acid.  “As  soon  as  the  current  enters, 
hydrogen  is  liberated,  which  reduces  tlie  mercuric 
sulphide,  gradually  causing  a deposition  of  metallic 
mercury  on  the  surface  of  the  lead.  Immediately 
the  effects  of  polarisation  are  manifested,  local 
action  disappears,  then  the  amalgam,  formed  with- 
out being  destructive  to  the  lead,  decomposes  the 
w'ater,  and  in  that  way  hydrogen  is  always  con- 
served, and  travels  backwards  and  forwards  as  the 
cells  are  charged  and  discharged,  and  peroxide  of 
lead  is  thus  formed,  the  precipitated  sulphur  acting 
as  a resistance.”  Sulphate  of  mercury  ( Hg-  0 S O'’) 
may  be  used  in  place  of  mercuric  sulphide. 

1,444. — R.  Werdermann,  Loudon.  Electric 
Incandescent  Lighting  Apparatus.  (3  figs.) 
(id.  !Marcli  25. 

Semi-Incande.scence  Lamp. — In  the  lamp  re- 
presented in  Fig.  1 , a carbon  pencil  a is  kept 
in  contact  with  a carbon  or  metal  electrode  of 
larger  cross  sectional  area  h,  by  the  pressure  of 
mercury,  glycerine,  or  other  suitable  liquid.  To 
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prevent  incandescence  of  the  earbon  pencil  below 
the  desired  distance,  upon  the  disc  d is  fixed  a 
collar  e of  steatite,  or  magnesia,  in  such  a way 
that  the  pencil  can  slide  freely  through  it.  The 
disc  d has  a rim  for  the  reception  of  the  glass 
cylinder /,  which  is  hermetically  closed  at  its  upper 
end  by  the  upper  electrode,  and  at  its  lower  end 
by  the  liquid  in  the  tube  c.  Wlien  the  carbon 
pencil  becomes  incandescent  the  small  amount  of 


oxygen  in  the  lamp  is  quickly  consumed,  and  the 
pencil  is  then  not  exposed  to  further  oxidation. 
Fig.  2 shows  a modification  in  which  the  carbon 
pencil  and  the  upper  electrode  are  kept  in  contact 
with  each  other  by  means  of  a helical  spring  m. 
Upon  the  disc  k,  to  which  the  globe  /j  is  herme- 
tically attached,  is  fixed  a bracket  n,  carrying  a 
small  grooved  metal  roller  to  guide  the  pencil  a. 
The  globe  may  be  exhausted  if  found  desirable. 

*1,455. — G.  Molloy,  Dublin.  Secondary  Bat- 
teries for  the  Storage  of  Electricity.  2d. 
March  27. 

Secondary  Batteries. — Each  plate,  consisting 
of  a thin  sheet  of  lead,  suitably  folded,  is  fitted  in 
a frame.  The  plates  are  placed  side  by  side  in  a 
rectangular  box  lined  with  lead,  the  alternate 
plates  being  connected  together.  Each  plate,  after 
being  fitted  in  its  frame,  is  covered  over  with  a 
layer  of  red  oxide  of  lead,  and  immersed  in  dilute 
sulphuric  acid,  and  left  therein  for  three  or  four 
days,  during  which  no  current  is  sent  through  the 
acid.  The  battery  is  then  ready  to  be  charged  by 
a dynamo-electric  generator,  or  otherwise. 

1,462. — S.  Waters,  Loudon.  Electric  Lamps. 

2d.  March  27. 

Incandescence  Lamp. — A portion  of  the  globe 
of  an  incandescence  lamp  is  formed  into  a concave 
mirror,  by  coating  the  glass  externally  with  silver 
by  a chemical  process.  Tartrate  of  silver  is  mixed 
with  ammonia  until  a milky  solution  is  formed, 
in  which  is  plunged  the  part  of  the  lamp  to  be 
coated.  By  passing  a current  of  electricity  through 
the  lamp,  the  solution  becomes  heated,  and  metallic 
silver  is  deposited  upon  the  immersed  portion  of 
the  globe.  To  prevent  a dark  shadow  being 
thrown  by  the  coated  portion,  the  deposit  is  made 
sufficiently  thin  to  be  semi-transparent. 


1.464.  — F.de  Lalande,  Paris  [Partly  G.  Chaperon, 
Minea  d'AJohno,  Spain.)  Electric  Piles  or 
Batteries.  4d.  March  27. 

Secondary  Batteries. — The  principal  feature  of 
this  battery  is  the  employment  of  copper  oxide  as 
the  depolarising  material.  In  one  form  of  construc- 
tion, the  positive  electrode  consists  of  a plate  of  gas 
retort  carbon,  contained  in  a porous  cell,  and  sur- 
rounded by  fragments  of  carbons,  the  interstices 
being  filled  with  oxide  of  copper.  The  negative 
electrode  is  formed  preferably  of  zinc  in  an  exciting 
solution  containing  from  10  to  30  per  cent,  of  caustic 
soda  or  potash.  Palladium,  platinum,  or  iron  may 
be  used  for  the  negative  electrode. 

1.465.  — A.  Smith,  London.  Carbons  for  Elec- 
tric Lamps.  4d.  March  27. 

Incandescence  Lamps.  — For  producing  high- 
resistance  filaments  for  incandescence  lamps,  an 
excess  of  hydrochloric  acid  is  passed  through  the 
liquid  furfurol  or  fucusol.  The  reaction  produces  a 
black  liquid,  which  is  enclosed  between  two  glass 
plates,  separated  to  a distance  equal  to  the  desired 
thickness  of  the  filament.  After  the  liquid  has  set 
the  plates  are  wedged  apart,  and  that  plate  to  which 
the  film  adheres  is  plunged  into  cold  water  for  the 
purpose  of  detaching  the  film,  which  is  then  floated 
on  to  a flat  surface,  and  the  excess  of  moisture 
removed  by  blotting  paper.  The  film  is  cut  into 
strips,  and  these  are  bent  between  moulds  of  suit- 
able shape,  made  of  plaster-of-paris,  and  exposed 
to  a temperature  of  212  deg.  When  removed  from 
the  moulds,  the  filaments  are  subjected  to  a high 
temperature  in  closely  covered  crucibles  sur- 
rounded by  carbon  powder,  or  in  porcelain  tubes 
partly  filled  with  carbon  powder,  through  which 
a current  of  coal  gas  is  passed  during  the  process. 
Another  method  is  described,  in  which  furfurol  or 
fucusol  is  treated  with  commercial  sulphuric  acid 
of  specific  gravity  about  1.84. 

Carbons. — Carbons  for  arc  lamps  are  produced 
in  the  usual  way,  from  finely  divided  carbon,  by 
compression,  or  by  forcing  through  a die,  and  they 
are  afterwards  treated  with  furfurol  or  fucusol  and 
hydrochloric  acid. 

*1,483. — C.  L.  Clarke  and  J.  Leigh,  Manchester. 
Coiling  Machine.  2d.  March  28. 

Conductors. — This  invention  relates  to  so  fit- 
ting the  machine  described  in  Patent  No.  3,652  of 
1881,  for  making  induction  or  resistance  coils, 
that  it  shall  automatically  stop  and  reverse  the 
direction  of  the  guide  at  the  end  of  each  traverse, 
so  as  to  allow  of  the  paraffined  paper  being  more 
readily  put  in  place  between  the  coils. 

1,496. — T.  J.  Handford,  Loudon.  [T.  A.  Edison, 
New  Jersey,  U.S.A.)  Dynamo,  or  Magneto- 
Electric  Machines.  6d.  (7  figs.)  March  28. 
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Current  Regulator. — This  invention  relates  to 
means  for  automatically  regulating  the  generation 
of  current  in  dynamo-electric  generators.  This  is 
accomplished  by  the  use  of  a rapidly  vibrating 
circuit  controller,  automatically  operated  by  the 
current,  and  serving  to  regulate  the  power  of  the 
field  magnet,  by  rapidly  and  successively  opening 
and  closing  the  field  magnet  circuit.  The  con- 
troller is  caused  to  make  and  break  circuit  at  a 
number  of  points  simultaneously,  in  order  to  reduce 
sparking.  It  is  preferably  vibrated  by  an  electro- 
magnet, placed  in  a shunt  circuit  from  the  main 
eonductors,  an  additional  resistance  being,  by  pre- 
ference, placed  in  the  same  circuit.  The  armature 
lever  of  this  magnet  is  provided  with  an  adjustable 
retractor  spring,  by  means  of  which  the  power  of 


the  field  magnets,  and,  consequently,  the  candle- 
power  of  the  lamps,  can  be  regulated.  Figs.  1 and  2 
repi’esent  the  field-magnet  circuit  adapted  to  be 
broken,  and  made,  at  a number  of  points  simulta- 
neously, by  levers  c,  retracted  by  springs  b against 
stops,  the  levers  and  stops  being  connected  to  form 
a complete  circuit  in  the  retracted  position.  In- 
sulating pins  <l  are  carried  by  all  the  levers,  with 
the  exception  of  the  front  one,  and  they  press 
against  the  levers  immediately  in  front  of  them. 
This  mechanism  is  operated  by  an  electro-magnet 
B,  placed  in  a multiple  arc  circuit  5,  (5,  with  or 
without  an  additional  resistance.  Its  armature 
lever  C is  drawn  back  Ijy  a spring  I),  which  is 
connected  by  an  adjusting  arrangement  with  the 
standard  E,  and  when  acting  under  tlie  attraction 


of  B,  its  forward  movement  forces  the  levers  c from 
the  screws,  thus  breaking  the  circuit.  In  order  to 
arrest  sparking  at  the  points  of  the  controller,  the 
shunt  circuit  7 s is  employed,  including  a re- 
sistance, which  may  be  of  wire,  or  an  incandescence 
lamp  (Fig.  1),  or  a portion  of  the  coils  of  the  field 
magnet  (Fig.  2).  The  working  of  the  apparatus  is 
as  follows  : When  the  electromotive  force  is  normal, 
the  magnet  B will  vibrate  the  lever  C with  a re- 
gular rapid  movement,  keeping  the  main  field 
circuit  open  a certain  portion  of  the  time.  A 
decrease  in  the  electromotive  force,  produced  by 
the  addition  of  lamps,  or  a decrease  in  the  speed 
of  the  engine,  will  tend  to  weaken  the  magnet  B, 
and  its  vibrating  armature  will  play  more  upon  its 
back  contact,  changing  the  proportion  of  the  time 
of  the  make  and  break,  and  allowing  the  field 
magnet  circuit  to  remain  closed  for  a greater  por- 
tion of  the  time.  This  will  increase  the  power 
of  the  field  magnet,  and  reproduce  the  normal 
electromotive  force  in  the  main  circuit.  An  in- 
crease in  the  electromotive  force  will  have  the 
opposite  effect.  In  the  position  of  the  parts  illus- 
trated in  the  figures,  the  lever  c rests  against  its 
back  contact,  the  circuit  being  closed  through  the 
controlling  apparatus.  In  a modification,  a second 
electro-magnet  is  placed  in  the  same,  or  in  another 
shunt  circuit,  and  serves  to  open  and  close  a shunt 
circuit  round  the  first  electro-magnet,  by  means  of 
an  armature  acting  as  a circuit  controller,  or  to 
make  and  break  directly  the  circuit  of  the  first 
electro-magnet.  According  to  another  modification, 
the  spark-arresting  resistance  is  divided  into  a 
number  of  fixed  or  constant  parts,  around  each  of 
which  is  a shunt  circuit,  controlled  by  an  electro- 
magnet, placed  by  preference  in  a shunt  around  a 
resistance  inserted  in  one  of  the  main  conductors. 
By  this  means  tlie  resistance  in  the  spark -arresting 
circuit  is  automatically  varied  to  suit  the  number 
of  translating  devices  in  circuit. 

1,516. — J.  Imray,  London.  (La  Sociiti  Anonyme 
des  Cidiles  Mectriques,  Parin.)  Material  for 
Electric  Insulation.  4d.  March  2!). 

In.sulating  M.VTERIAL. — Liiisccd  oil,  either  with 
or  without  an  admixture  of  colophonium,  is  con- 
verted into  a solid  elastic  body  by  the  application 
of  lieat,  and  is  then  used  for  insulating  purposes. 

1,548. — W.  B.  Brain,  Cinderford,  Gloucestershire. 
Secondary  Batteries,  (id.  (18  figs.)  Mai’ch 
;io. 

Secondary  Batteries.  — Chandrers,  bags,  or 
closed  or  partly  closed  envelopes,  enclosing  the 
active  agent,  are  formed  of  thin  sheet  lead,  orotlier 
suitable  metal,  and  combined  with  sucli  chambers, 
wliether  perforated,  corrugated,  or  solid,  arc  pieces 
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of  asbestos  wick,  felt,  spongy  india-rubber,  flannel, 
&c.,  or  other  non-metallic,  porous,  and  by  preference 
elastic  material.  Fig.  1 represents  an  envelope  or 
bag  in  the  coiu-se  of  construction,  A being  a strip  of 
lead,  and  C the  porous  insulating  material.  Figs. 


2 and  .3  illustrate  methods  of  wrapping  a band  of 
lead,  and  a band  of  porous  material,  coated  with  red 
lead  on  both  sides,  so  as  to  form  a series  of  con- 
tinuous chambers.  Two,  or  any  number  of  these 
envelopes,  may  be  grouped  to  form  one  battery. 

1,556. — J.  S.  Williams,  Riverton,  N..J.,  U.S.A. 

Generation,  Storage,  and  Utilisation  of 

Electricity.  Is.  4d.  (35  figs.)  March  30. 

Di.stributing  Cuerent.s.  — The  patentee  ex- 
plains his  system  of  distribution,  by  the  aid  of 
three  sheets  of  elaborate  drawings,  and  a descrip- 
tion extending  over  six  pages  of  the  Blue  Book. 
A water-wheel  is  used  to  drive  a dynamo-electric 
generator,  which  supplies  its  current  to  a series  of 
secondary  batteries.  The  generator  and  batteries 
are  connected  together  by  switching  devices,  so 
arranged  as  to  provide  for  charging  one  portion  of 
the  batteries  while  another  portion  is  supplying 
current  to  the  discharging  circuit.  A “converting” 
device  regulates  the  tension  of  the  current  dis- 
charged. A meter  serves  to  record  the  current 
passed.  A “reserve”  device  stores  the  current  near 
the  point  where  it  is  to  be  ixsed  ; this  reserve  may 
be  employed  to  drive  motors,  in  which  the  speed  is 
regulated  by  governors,  or  otherwise.  It  is  pro- 
posed to  use  light  conductors,  and  currents  of  very 
high  tension.  In  driving  vehicles  on  rails,  the  cur- 
rent is  supplied  to  secondary  batteries,  carried  on 
the  vehicles,  an  automatic  cut-off  preventing  any 
back  flow  of  current  from  the  batteries  which  are 
mounted  on  the  vehicles.  The  circuit  to  the 
motors  may  be  completed  through  the  wheels,  or 
by  special  circuit  makers.  The  signals,  switches, 
brakes,  and  crossings  may  be  actuated  by  the 
current.  The  following  specifications  are  referred 
to  : Nos.  5,233  and  5,742  of  1881,  and  Nos.  85, 
224,  700,  766,  856  and  1,174  of  1882. 

Dynamo-Electric  Generator. — The  ai'mature 
may  consist  of  one  wheel,  or  of  a series  of  wheels, 
covered  with  insulating  material,  and  provided 
with  “a  coating  of  conducting  material,  such  as 
copper,”  by  the  ordinary  process  of  electro-depo- 
sition. The  wheel  has  a continuous,  or  sectional 
band  of  metal,  arranged  upon  or  near  its  peri- 
phery. The  currents  are  collected  in  the  usual 


manner.  The  field  magnets  are  in  the  form  of 
boxes,  filled  with  scraps  of  magnetic  metal ; they 
may  be  employed  as  “reservoirs,”  in  which  case 
a suitable  copper  plate  is  used  “to  induce  the 
currents  from  the  copper  wheel.”  When  two 
armatures  are  used,  they  are  so  arranged  that 
one  will  generate  positive  and  the  other  negative 
electricity.  The  inductive  action  of  the  earth  may 
be  utilised  in  generating  currents.  The  polar  exten- 
sions of  the  field  magnets  may  cover  the  periphery 
and  the  sides  of  the  inducing  portion  of  the  arma- 
ture, or  the  sides  only,  the  winding  being  such  as 
to  insure  all  the  poles  on  one  side  being  of  one 
denomination,  and  all  on  the  other  side  of  the 
opposite  denomination.  Several  drum  armatures 
are  illustrated,  some  of  which  are  provided  with 
projections  designed  to  revolve  in  recesses  formed 
in  the  polar  extensions  of  the  field  magnets.  The 
projections  may  extend  either  laterally  or  from  the 
periphery.  The  field  magnets  may  be  separately 
excited,  or  they  may  form  a shunt  to  the  main 
circuit. 

1,570. — W.  Jeffery,  London.  Electric  Arc 
Lamps.  6d.  (8  figs.)  March  31. 

Arc  Lamps. — In  the  lamp  first  described,  a ring 
I,  fitted  with  an  elastic  lining,  is  used  as  a clutch 
for  controlling  the  feed  of  the  upper  carbon.  The 
ring  is  attached  to  the  connecting  link  i,  by  pins  or 
clips,  and  is  held  by  the  adjustable  arm  J}  upon  the 
opposite  side  of  the  carbon.  The  connecting  link  i 
is  actuated,  in  opposition  to  an  adjustable  spring, 
through  a second  link  and  beam,  by  the  core  of  a. 


solenoid  placed  in  the  main  circuit.  This  lamp 
may  be  adapted  for  burning  two  pairs  of  carbons, 
either  together  or  singly.  A lamp  is  described  in 
which  two  upper  carbons,  inclined  together  at  their 
points,  feed  down  by  gravity  to  a lower  carbon, 
which  is  controlled  by  the  elastic  ring  mechanism, 
and  fed  upwards  by  a weight.  A shunt  circuit, 
of  approximately  the  same  resistance  as  the  arc, 
is  closed  automatically  by  the  core  of  the  regulating 
solenoid,  upon  the  lamp  circuit  being  broken. 
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1,580. — Sir  D.  Salomons,  Tunbridge  Wells. 

Electric  Lamps.  Cd.  (8figs.)  March  31. 

Incandescence  Lamp.s. — The  “filament”  is  con- 
structed, as  shown  in  Fig.  1,  of  a block  or  stick  of 
baked  pipeclay  h,  coated  with  a composition  c, 
about  one  millimetre  in  thickness,  formed  of  equal 
weights  of  plumbago,  charcoal  powder,  and  sugar. 
The  whole  is  subjected  to  a white  heat  in  a closed 
vessel  for  about  six  hours,  and  is  then  sealed,  l>y 
means  of  platinum  wires  (/,  in  a glass  envelope  a, 
which  is  then  exhausted  in  the  usual  manner. 
Several  other  forms  of  composite  filaments  are 
described  and  illustrated.  In  one  form,  a stock 
of  baked  pipeclay  is  enclosed  in  a thin  tube  of 


platinum,  the  platinum  connecting  wires  being 
kept  in  position  in  the  globe  by  means  of  corks.  In 
another,  a stick  of  opal  glass  is  surrounded  by  a car- 
bon cylinder,  whose  internal  diameter  is  about  two 
millimetres  greater  than  the  diameter  of  the  glass 
stick.  Fig.  2 represents  an  arrangement  in  which 
two  sticks  of  carbon f-  f-  are  connected  to  platinum  | 
wires  d and  d'  in  an  exhausted  globe  a. 

Semi-Incandescence  Lamp. — In  a similar  ar- 
rangement, a small  arc  is  formed  in  an  exhausted 
glass  globe,  between  a short  thick  carbon  pencil 
and  a carbon  ball.  ' 

1,587. — A. Tribe,  London.  Secondary  Batteries. 

4d.  April  1. 

Secondary  Batteries. — The  negative  element 
consists  of  a rectangular  frame,  having  three  sides 
of  prepared  wood,  slate,  or  other  insulating  ma- 
terial, the  fourth  side  being  constructed  of  a 
suitable  conducting  material.  Into,  or  upon,  this 
frame,  peroxide  of  lead  is  placed,  and  the  whole  is 
ensheathed  in  parchment,  felt,  or  other  porous 
material.  The  positive  element  and  the  electrolytic 
liquid  are  of  the  usual  description. 

■*1,611. — W.  R.  Lake,  London.  {E.  Weston,  Newark, 
N.J.,U.S.A.)  Electro-Magnetic  and  Regu- 
lating Apparatus  for  Electric  Lamps,  &c. 

2d.  April  3. 

Electro-Magnets. — To  obtain  great  power,  and 
to  economise  space,  these  are  constructed  as  follows  : 


A number  of  convolutions  of  thick  copper  wire  are 
wound  upon  a hollow  metallic  spool,  provided  with 
flanges  at  either  end.  An  iron  core,  working 
within  the  hollow'  spool,  forms  part  of  an  iron  shell 
which  completely  encloses  the  top  and  sides  of  the 
spool  and  its  helix. 

1,614. — W.  R.  Lake,  London.  (E.  Weston,  Newark, 
N.J.,  U.S.A.)  Magneto  or  Dynamo-Elec- 
tric Machines.  Gd.  (3  figs.)  April  3. 

Dynamo-Electric  GtEner.vtors. — This  invention 
relates  to  the  class  of  electric  generators  which  have 
armatures  wound  with  a plurality  of  coils,  the  ends 
of  which  are  united  to  form  an  endless  w'ire,  and 
from  which  loops  are  taken  off  at  the  junction  of 
the  original  coils,  and  connected  to  separate  insu- 
lated commutator  plates.  To  avoid  short-circuiting, 
the  armature  is  wound  with  two  or  more  indepen- 
dent endless  wires,  which  are  connected  by  loops 
to  the  commutator  plates  D,  so  as  to  avoid  having 
adjacent  commutator  plates  connected  to  loops  from 
adjacent  coils  of  the  same  wire.  The  illustration 


s c 


represents  the  end  of  a cylindrical  armature  wound 
with  two  wires  B and  C,  shown  in  white  and  black 
respectively,  and  from  this  it  w ill  be  seen  that  the 
black  and  w'hite  wires  are  connected  to  alternate 
plates  of  the  commutator.  In  a generator  provided 
with  an  armature  of  this  type,  the  brushes,  as  they 
are  left  by  one  pair  of  segments  of  the  commutator, 
will  bear  upon  another  pair  of  segments  with  which 
there  is  no  tendency  to  short-circuit ; and,  should 
two  adjacent  segments  become  accidentiilly  short- 
circuited,  it  is  claimed  that  no  injury  can  result 
to  the  generator,  and  that  no  loss  of  useful  ellect 
w ill  occur. 

*1,616.— W.  B.  B rain,  Cinderford,  Gloucestershire. 

Production  of  Electric  Currents.  2d. 

April  3. 

G ENERATORS.— It  is  proposed  to  dispense  witli 
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tlie  commutator,  by  so  w inding  the  armature  eoils 
tliat  tliey  shall  remain  stationary,  while  the  arma- 
ture core  revolves  within  them. 

*1,618. — d.  B.  Rogers,  London.  Electric  Lamps, 
(id.  (3  figs.)  Aprils. 

Incandescence  Lamps. — The  conducting  wires 
projectingbeyond  the  base  of  the  lampare  plain, bent, 
cup-shaped,  or  otherwise  modified,  so  as  to  be  readily 
put  in  contact  with  the  leads,  which  are  arranged 
in  or  on  ledges,  shelves,  brackets,  or  other  suitable 
supports.  The  main  leads  from  the  generator  are 
attached  to  vessels,  from  which  secondary  leads  are 
taken  to  the  supports  for  the  lamps.  The  lamps 
can  thus  be  moved  about  from  one  room  or  bracket 
to  another.  A socket  is  described  in  the  final 
specification,  consisting  of  a socket  piece  through 
which  the  ends  of  the  lamp  wires  are  carried,  and 
then  bent  so  as  to  form  “ springy  holdfasts”  in  a 
bracket  piece  containing  the  terminals  of  the  con- 
ducting wires. 

1,619. — W.  R.  Lake,  London.  (//.  S.  Maxim, 
New  York,  U.S.A.)  Carbon  Conductors 
for  Electric  Lamps,  fid.  (5  figs.)  Aprils. 

Incande.scence  Lamp.s. — Continuous  lengths  of 
carbon  filament  for  incandescence  lamps  are  formed 
in  a press,  shown  in  the  illustration.  A quantity 
of  plastic  carbonisable  compound,  such  as  finely 
powdered  retort  carbon  and  coal-tar,  is  introduced 
under  the  plunger  of  the  lower  chamber,  and  is 


forced  through  the  nozzle  K,  w'hich  is  adjustable 
either  by  hand  or  automatically.  The  adjustments 
of  the  nozzle  take  place  periodically,  and  are  so 
timed,  that  enlargements  shall  occur  at  equal  dis- 
tances along  the  continuous  strip.  When  the  strip 
is  divided  in  lengths,  the  enlargements  form  the 
ends  of  the  separate  filaments.  Provision  is  made 
for  opening  and  shutting  the  die  gradually,  so  that 
the  enlargements  and  contractions  do  not  take  place 
suddenly. 

1,626.-  J.  Munro,  London.  Electric  L.ight  and 
Power  Apparatus.  8d.  (17  figs.)  April  4. 


Dynamo-Electric  Generator.  — In  the  gene- 
rator shown  in  Fig.  1,  the  armature  coils,  each  of 
which  supplies  its  current  to  a separate  circuit,  are 
stationary,  while  tlie  field  magnets  revolve.  The 
“ inducing  disc”  may  be  of  brass,  and  have  either 
segmental  slabs  of  soft  iron,  or  electro-magnets 
bolted  on  to  it.  The  inventor  “ may  use  as  a gene- 
rator” earth  currents,  or  tlie  currents  obtained  from 
lightning-rods,  these  being  collected  and  stored  in 
secondary  batteries. 

Distributing  Currents.  — A rotary  current 
distributor,  illustrated  in  Fig.  2,  has  a rotating 
arm  B,  which  is  in  electrical  contact  with  the 
generator,  and  distributes  the  current  succes- 
sively to  the  contacts  c,  which  in  turn  supply 
the  current  to  a series  of  seeondary  batteries. 
When  the  battery  is  sufficiently  charged,  the  lamps, 


forming  a derived  circuit  from  it,  are  switched  in, 
and  the  feeding  current  splits  up  between  battery 
and  lamps.  To  avoid  undue  sparking  at  the  con- 
tacts, it  is  proposed  to  employ  condensers,  or  “a 
vacuum  rotating  contact  make  and  break.” 

Secondary  Batterie.s. — To  prevent  a reverse 
current  entering  a storage  battery,  a contact 
breaker,  having  a needle  mounted  similarly  to  an 
ordinary  galvanometer  needle,  placed  within  a high 
resistance  eoil  forming  a shunt  to  the  main  circuit, 
is  so  arranged,  as  to  break  the  circuit  on  the 
reversal  of  the  current.  The  temperature  of  the 
batteries  is  raised  during  the  time  of  charging. 

Arc  Lamp. — The  feed  is  controlled  by  the  electro- 
magnets A A,  Figs.  3 and  4,  lifting  the  conical 
armature  B,  when  the  arc  resistance  becomes  greater 
than  that  of  the  magnets.  The  springs  D D cause 
the  armature  to  grip  the  carbon-holder  C,  when  it 
is  in  its  lower  position.  In  another  lamp,  two  low 
resistance  solenoids,  in  circuit  with  the  are,  attract 
or  repel,  according  to  the  arc’s  resistance,  a high 
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resistance  sliunt  solenoid,  connected  l)y  suitable 
gearing  with  the  upper  carbon.  Another  method  of 
regulation  consists  of  an  open  spiral,  which  expands 
or  contracts  according  to  the  current  passing.  Tire 
arc  is  preferably  maintained  in  a vacuum,  and  is 
enclosed  in  a ferrule  of  lime.  The  globes  for  use 
in  foggy  weather  are  preferably  made  of  uranium 
glass,  or  a tint  may  be  given  to  the  arc  by  supply- 
ing certain  gases  to  it.  The  carbons  are  preferably 
built  up  on  a core  by  chemical  deposition  of  pui’e 
carbon. 

Rheostat. — Elastic  cai-bon  filaments,  such  as  are 
used  in  incandescence  lamps,  are  adjusted  to  given 
resistances  and  arranged  in  sets. 

Switches. — The  hard  insulating  substance  usually 
placed  between  the  contact  plates,  is  replaced  by 
a soft  substance,  preferably  india-rubber,  by  which 
attrition  of  the  moving  metallic  surface  is  avoided. 

CuEKENT  Meter. — A disc  of  copper,  mounted 
on  an  axle,  is  surrounded  by  a horseshoe  magnet. 
When  a current  passes  by  the  axle,  through  tlie 
wheel,  into  mercury,  in  which  the  edge  of  the 
disc  dips,  the  disc  rotates,  and  by  a suitably  gra- 
duated counter,  registers  the  current  passed.  The 
whole  apparatus  is  enclosed  in  a thick  case  of  soft 
iron.  In  drii  ing  vehicles,  it  is  proposed  to  lay  a 
conductor  between  the  rails,  and  pass  the  current 
at  intervals  into  secondary  batteries  carried  on  the 
vehicle,  these  supplying  the  current  continuously 
to  any  suitable  motor. 

1,640.  — R.  Kennedy,  Glasgow.  Dynamo- 
Electric  Machine.  6d.  (3  figs.)  April  4. 

Dynamo-Electric  Generator. — The  object  is 
principally  to  obtain  several  currents  of  electricity 
from  one  continuous  rotating  wire.  The  figure 
represents  the  main  feature  of  the  invention.  The 
armature  consists  of  an  inner  coil  of  iron  wire. 


wound  continuously  in  one  direction.  The  gene- 
rating coil  of  insulated  wire  is  wound  over  the  iron 
wire  coil  at  right  angles  to  it.  The  connections  to 
the  commutator  arc  so  made  that  the  coil  sliall  bo 
endless.  The  inner  and  outer  coils  arc  held  be- 
tween two  discs  of  wood,  provided  with  iron  plates 


on  their  outer  surfaces,  by  which  they  are  secured 
to  the  shaft.  The  commutator  is  of  the  usual 
multiple  plate  pattern,  while  the  electro-magnets 
are  arranged  to  form  two  independent  poles  of  one 
polarity  above,  and  two  independent  poles  of  the 
opposite  polarity  below.  Currents  are  taken  oflf 
the  commutator  by  six  brushes.  The  field  magnet 
poles  may  be  an  even  number  greater  than  four, 
but  in  any  case  the  number  of  collecting  brushes 
is  greater  by  two  than  that  of  the  magnet  poles. 

1,642. — W.  H.  Akester,  Glasgow.  Incandescent 
Electric  Lamps,  fid.  (5  figs.)  April  5, 
Incande.scence  Lamps. — The  object  of  this  in- 
vention is  to  facilitate  the  manufacture  of  the  lamp 
and  the  fixing  of  the  filament.  Fig.  1 represents 
the  glass  globe  ready  for  the  insertion  of  the  fila- 
ment. The  exhaustion  is  designed  to  be  effected 
through  the  tube  7,  although,  if  desired,  it  may 
take  place  through  the  neck  8,  the  former  tube 
being  then  dispensed  with.  Fig.  2 shows  the 
carbon  filament  10,  with  its  platinum  wire  con- 


ductors 9,  whicli  are  fused  into  the  opposite  ends 
of  a glass  cross-piece  11,  held  by  a pair  of  grippers, 
ready  for  being  inserted  into  the  globe.  Fig.  3 is  a 
side  view  of  the  grippers.  Figs.  4 and  5 illustrate 
completely  formed  lamps,  tlie  platinum  wires  being 
fused  into  the  horns  15,  and  terminated  in  loops. 
In  the  former  figure,  the  lamp  is  represented  as 
having  been  exhausted  through  tlie  tube  7,  while  in 
the  latter  the  exhaustion  has  been  effected  through 
the  neck  8. 

1,647. — St.  G.  Lane-Fox,  London.  Manufac- 
ture of  Incandescent  Electric  Lamps,  fid. 
(3  figs.)  April  5. 

Inoanije.scknce  Lamp.s. — This  invention  relates  to 
a method  of  thickening  the  carbon  filaments  at  their 
junction  with  the  connecting  wires,  and  is  an  im- 
provement upon  tlie  methods  described  in  specifica- 
tion of  Letters  Patent  No.  3,494  of  1880,  and  No. 
225  of  1881.  Referring  to  the  figures,  in  order  to 
cause  the  filament  to  adhere  to  the  platinum  spirals 
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b,  a cement  is  used,  consisting  of  Chinese  ink  and 
plumbago,  or  other  suitable  mixture,  and  the  whole 
is  then  immersed  in  an  atmosphere  of  coal  gas  or 
carbon  compound.  By  means  of  the  loop  i,  contact 
is  made  between  the  filament  and  one  pole  of  an 
electric  source,  the  other  pole  being  connected  suc- 
cessively with  the  carbon  pencils  1 1.  By  this  means 
a small  arc  is  formed  between  the  pencil  and  the 
spiral  junction,  and  carbon  is  deposited,  partly  from 


the  gas,  and  partly  from  the  pencil,  upon  the  plati- 
num and  filament  at  the  point  of  contact.  The 
filament  is  preferably  thickened  by  this  method  for 
a distance  of  about  a quarter  of  an  inch  from  the 
holder,  and  the  deposits  should  taper  towards  the 
loop  of  the  filament.  The  arrangement  adopted  in 
carrying  out  this  invention  is  clearly  shown  by  the 
accompanying  illustrations. 

1,649. — A.  J.  Boult,  London.  [J.  D.  Thomas, 
New  York,  U.S.A.)  Underground  Con- 
duits for  Electric  Wires,  &c.  6d.  (4  figs.) 

April  5. 

Conductors. — The  conductors  are  carried  in 
conduits  made  of  baked  pottery  clay,  or  equivalent 
earthenware,  formed  in  hollow  longitudinal  sections, 
laid  end  to  end,  and  secured  together  by  Portland 
cement.  Each  longitudinal  section  consists  of  an 
upper  and  lower  half,  the  latter  being  trough- 
shaped with  one  or  more  compartments  for  the  re- 
ception of  the  wires.  The  upper  half,  or  lid,  is  pro- 
vided with  marginal  bps  overlapping  the  lips  of  the 


trough,  to  which  they  are  afterwards  cemented. 
The  ends  of  each  section  of  trough  and  lid  break 
joint  with  the  next  section,  by  means  of  over  and 
underlying  ledges,  which  are  made  fast  together  by 
cement.  Prizing  notches  are  formed  on  one  or  both 
sides  of  the  cover,  or  of  the  trough,  to  facilitate 
their  separation  w'hen  required.  For  the  purpose  of 
insulating  the  wires,  they  are  preferably  coated  with 
india-rubber,  according  to  a process  described  in  an 


application  for  Letters  Patent  No.  1,3.'1G  of  1882. 
At  certain  intervals  along  the  conduit,  elbow  lids 
are  introduced  for  the  purpose  of  “tapping”  the 
conductors.  The  lengths  are  connected  together 
by  screw  coupling  sleeve  pieces,  which  screw  on  to 
the  threaded  ends  of  the  conductors. 

1,670. — J.  Jameson,  Newcastle-upon-Tyne.  In- 
candescent Electric  Lamps.  4d.  April  6. 

Incandescence  Lamps. — The  carbon  filaments 
are  produced  by  depositing  carbon  from  hydro- 
carbon gas  of  not  too  rich  a character,  under  a 
small  pressure  and  a high  temperature,  around 
I a matrix  of  glazed  porcelain,  or  other  refractory 
material.  To  give  endurance  to  the  hollow  carbon 
cylinder,  during  the  process  of  its  removal  from  the 
matrix,  and  subsequent  treatment,  the  cylinder  is 
filled  with  a tenacious  cement,  such  as  resin  or 
shellac,  and  while  thus  supported  a series  of  discs 
are  sawn  or  ground  off,  by  means  of  a hoop-iron  saw, 
with  sand  and  water,  or  by  other  suitable  means. 

1,689. — G.  S.  Young  and  R.  J.  Hatton,  London. 
Electric  Lamps.  6d.  (4figs.)  April  6. 

Arc  Lamp. — The  regulation  of  the  upper  carbon 
is  effected  by  a brake,  or  feed  appliance,  under 
the  control  of  an  electro-magnet  or  solenoid.  As 
will  be  seen  from  the  illustrations,  the  brake  con- 
sists of  a chamber  B,  surrounding  the  upper  carbon- 
holder  A,  and  containing  a number  of  balls  C,  which 
jamb  between  the  inclined  inner  surface  of  the 


chamber  and  the  holder,  and  prevent  the  latter 
from  sliding.  When  the  length  of  the  arc  requires 
adjusting,  the  magnet  releases  the  chamber  B,  w’hich 
moves  downwards  until  the  balls  come  in  con- 
tact with  a stop,  when  the  carbon-holder  wall  be 
relieved  from  the  grip  of  the  balls,  and  be  free  to 
drop.  To  keep  the  balls  in  proper  position,  one  or 
more  springs  G are  employed  with  a sleeve  G'. 

1,692.— D.  T.  Piot,  London.  Dynamo-Electric 
or  Magneto  - Electric  Machines.  6d.  (3 

figs.)  April  6. 

Dynamo-Electric  Generator. — -As  will  be  seen 
from  the  illustrations,  there  is  keyed  upon  the 
shaft  C a boss  D,  carrying  a disc  E,  preferably  of 
wood,  to  w hich  are  attached  the  armature  bobbins 
Fj.  Discs  are  also  fixed  upon  this  shaft,  carry- 
ing bobbins  Fj,  wdiich  form  supplementary  anna- 
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tures.  The  fiekl  magnet  bobbins  J,  between  tlie 
pole-pieces  of  which  the  armature  coils  successively 
revolve,  are  preferably  of  horseshoe  form.  Fig.  3 


illustrates  the  elliptical  form  given  to  the  coils  F’. 
The  commutators  a a and  a*  a’  may  be  of  the  ordi- 
nary construction,  and  the  coils  coupled  up  as 
desired. 

1,697. — The  Hon.  R.  Brougham  and  F.  A. 

Ormiston,  London.  Incandescent  Electric 

Lamps.  6d.  (10  figs.)  Aprils. 

Incandescence  Lamps. — By  this  system  of  manu- 
facture, the  small  tube  used  for  exhausting  the  globe 
is  attached  to  the  closed  end  of  the  cylindrical  stem, 
instead  of  to  the  bulb,  and  the  appearance  of  the 
lamp  thereby  improved.  In  Fig.  1,  two  conducting 
wires  C,  which  have  each  been  coated  for  part  of 
their  length  with  a covering  of  glass  C,  are  passed 
into  the  oval  end  of  a glass  tube  B,  and  tlieir  glass 
covering  is  made  to  adhere  to  the  end  of  the  tube, 
which  is  then  heated  and  closed.  It  will  then 
appear  as  shown  in  Fig.  2,  when  a small  glass 


exhausting  tube  is  sealed  to  the  rounded  portion  of 
the  end,  as  in  Fig.  3.  At  this  stage  the  tube  is  cut 
off  at  c d (Fig.  1),  a filament  inserted,  and  the 
lamp  finished  off  as  illustrated  in  Fig.  4.  The 
next  operation  is  to  exhaust  the  air  through 
the  small  tube  D,  in  the  ordinary  way,  and  to 
seal  off  the  tube  when  the  operation  has  been 
carried  on  for  a sufficient  time.  Figs.  5 and  C 
represent  the  metliod  adopted  for  connecting  the 
ends  of  a carbon  filament  to  the  ends  of  the  con- 
ducting wires.  Kach  wire,  near  its  end,  is  filed  away 


on  one  side,  and  a small  coil  of  thin  wire  E is 
slipped  upon  the  conducting  wire,  as  in  Fig.  5.  An 
end  F of  the  filament  is  then  held  against  the  side 
of  the  wire,  and  the  small  coil  slipped  over  it,  as 
indicated  in  Fig.  6.  The  small  coil  E is  coated 
with  a composition  consisting  of  a mixture  of  iron 
filings,  sulphur,  and  sal-ammoniac,  for  the  purpose 
of  filling  the  interstices  and  making  better  contact. 

, 1,713.  — J.  Brockie,  London.  Electric  Arc 

i Lamps.  6d.  (3  figs.)  April  11. 

! Arc  Lamp. — The  principal  feature  of  the  inven- 
I tion  is  illustrated  by  Fig.  1 . The  armature  B of  the 
regulating  solenoid  A has  not,  as  is  usual  in  electric 
lamps,  a positive  coimection  with  the  brake  or 
escapement  lever  C,  but,  on  the  contrary,  operates  it 
either  by  mechanical  or  magnetic  friction.  By  this 
arrangement,  the  solenoid  core  is  enabled  to  take  up 
various  positions  with  regard  to  C,  and  no  alteration 
will  be  rerpiired  in  the  tension  of  the  spring  S to 
suit  variations  in  current,  unless  they  be  very  great. 
The  oscillations  of  C are  limited  by  the  stops  D D. 


The  application  of  this  device  to  an  electric  lamp  is 
clearly  shown  in  Fig.  2.  Another  mode  of  regulation 
is  represented  in  Fig.  3.  The  oscillations  of  the 
solenoid  core  B,  through  tlie  medium  of  a ratchet 
and  pawl,  cause  the  wheel  G to  revolve.  During 
its  rotation  contact  is  made  between  pins  placed 
around  its  circumference  and  the  spring  T,  the 
successive  makes  and  breaks  serving  to  close  and 
open  a branch  circuit,  which,  on  completion,  re- 
verses the  polarity  of  the  “ arc  striking  ” magnet, 
and  causes  an  intermittent  feed  of  the  carbon. 


Abstracts  of  Patents. — 1882.  ccxciii 


1,727.  — W.  Fisher,  Binningham.  Automatic 
Current  Director  for  Electric  Machines. 
6(1.  (Ofigs.)  April  12. 

Autom.^tic  Switch. — This  instrument  is  de- 
signed for  automatically  sending  the  current  in 
the  right  direction  should  a reversal  of  poles  take 
place  in  tlie  generator.  One  arrangement  is  shown 
in  the  figures,  where  B,  C,  E,  Fare  electro-magnets, 
operating  respectively  armatures  A and  D,  which 
are  capable  of  vibrating  between  stops  Z Z'  and 
0 P.  The  conductors  from  the  generator  are  con- 
nected to  terminals  J and  K.  M'  and  N’  are 
connected  to  any  apparatus  through  w'hich  it  is 
necessary  to  send  a continuous  current  in  one 


direction.  Suppose,  for  example,  that  the  current 
enters  at  J,  the  suspended  magnet  A will  be 
attracted  to  the  magnet  B,  making  contact  with 
the  stop  Z’,  and  throwing  the  magnet  E into  circuit. 
Tliis  brings  H into  contact  with  N,  and  I with  M, 
causing  the  cun-ent  to  leave  the  director  by  M'. 
Should  the  poles  of  the  machine  reverse,  tlie  current 
would  enter  at  K and  the  magnet  A be  attracted 
by  C to  stop  Z.  This  puts  magnet  F in  circuit, 
changing  the  contacts  of  H and  I respectively  to 
M and  N,  and  causing  the  current  still  to  leave  the 
director  by  the  terminal  Mb  Modifications  of  this 
arrangement  are  suggested. 

1,747. — D.  A.  Chertempsand  L.  Dandeu,  Paris. 

Dynamo-Electric  Machines.  6d.  (13  figs. ) 

April  12. 

Uynamo-Electkic  Gener.\tor.  — The  illustra- 
tions refer  to  a self-exciting  alternating  current  gene- 
rator, in  which  the  armature  is  stationary,  and  the 
field  magnets  revolve.  The  armature  bobbin,  whose 
function  it  is  to  excite  the  latter,  is  wound  with 
wire  of  a size  corresponding  to  the  gauge  of  the 
field  magnet  wire,  and  its  weight  is  made  to  corre- 
spond with  the  weight  of  the  other  armature  coils. 
By  this  arrangement,  it  is  stated  that  exciting  cur- 
rents are  proportionate  to  the  requirements  of  the 
generating  bobbins.  The  commutator,  for  trans- 


forming the  alternating  currents  furnished  by  tlie 
exciting  bobbin,  and  supplying  them  continuously 
in  one  direction  to  the  field  magnets,  is  shown  at 
h h.  Fig.  1.  It  is  constructed  from  two  hollow 
cylinders,  each  having  one  closed  end,  their  peri- 
pheries being  cut  away,  so  that  they  interlock  the 
whole  of  their  width  in  the  manner  illustrated. 
The  number  of  interlocking  plates  is  the  same  as 
the  number  of  pairs  of  field  magnet  bobbins.  By 
adjusting  the  commutator,  so^that  the  collecting 
brushes  pass  the  middle  steps  of  the  plates,  at  the 


moment  that  the  field  magnets  are  passing  the 
neutral  spaces  between  the  armature  bobbins, 
liability  to  spark  will  be  obviated.  Connection 
wires  are  led  from  the  separate  bobbins  of  the 
armature  to  terminals  e'  c-,  &c.,  and  a forked 
sliding  piece,  not  shown,  which  underruns  the 
screws  No.  1,  No.  2,  &c. , is  made  use  of  to  couple 
up  the  terminals  as  required.  In  a shunt  from  each 
lamp  circuit  is  introduced  a small  electro-magnet, 
whose  function  is  to  short-circuit  a bobbin  when  its 
lamp  circuit  is  accidentally  broken. 

1,760. — J.  B.  Rogers,  London.  Dynamo  or 
Electric  Current  Producing  Machines. 
Cd.  (11  figs.)  April  13. 

Dynamo-Electric  Generator. — This  invention 
relates  to  an  alternating  current  generator,  the 
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stationary  armature  of  wliicli  consists  of  a ring,  or 
disc,  carrying  a number  of  coils  wound  in  a trans- 
verse direction,  the  rotating  field  magnets  consist- 
ing of  circular  rows  of  electro -magnets  placed  as 
in  the  Siemens  generator.  Four  different  methods 
of  coupling  up  the  armature  coils  are  described 
and  illustrated. 

1,769.— J.  H.  Job  nson,  London.  (G.  A.  Fatire, 

Paris.)  Secondary  Batteries.  Gd.  (1  fig.) 

April  1,3. 

SECOND.4RY  Batteries. — The  vessels,  tanks,  or 
cisterns  used  to  hold  the  electrolytic  liquid  are 
constructed  of  iron,  or  other  convenient  metal, 
thickly  coated  on  the  inside  and  outside  in  the 
following  manner  : The  surfaces  of  the  tank  are 
first  coated  with  varnish  made  of  pitch,  linseed 
oil,  paraffine,  and  tar,  applied  hot,  and  afterwards 
with  sheets  of  asliestos,  felt,  or  canvas,  soaked  to 
saturation  in  the  same  varnish,  several  such  coat- 
ings being  successively  applied,  if  necessary.  In- 
stead of  iron,  Poi’tland  cement  may  be  employed 
for  the  shell  of  the  tank,  and  in  place  of  the  coat- 
ing described,  the  inside  of  the  tank  may  be  lined 
with  a surface  of  glazed  bricks,  or  blocks  of  wood 
soaked  in  the  varnish,  and  cemented  together  with 


either  the  varnish  or  molten  sulphur.  An  arrange- 
ment for  suspending  the  electrodes  in  the  tank  is 
shown  in  the  figure.  Each  electrode  a is  formed 
with  strips  of  metal  upon  its  upper  edge,  which 
strips  are  hooked  over  flat  iron  bars  covered  with 
sheet  lead,  stretching  across  the  tank.  Along  the 
series  of  cisterns,  which  constitute  a set  of  batteries, 
two  large  copper  bars  c are  laid  upon  insulating 
supports  d.  Upon  one  copper  bar  rest,  in  electrical 
contact,  all  the  positive  crossbars,  and  upon  the 
•other  all  the  negative  crossbars,  insulating  wedges 
/ separating  the  positive  copper  bar  from  the  nega- 
tive electrodes,  and  the  negative  crossbar  from 
the  positive  electrodes. 

*1,774. — A.  Muirhead,  Westminster.  (J.  A. 

Briijijs  and  F.  Kinsman,  Bomhny.)  Electrical 

Circuits,  &c.  Oil.  (10  figs.)  April  14. 

Conductors. — The  objects  of  this  invention  are 
to  obviate  the  disturbing  clfccts  of  induction,  split 


currents,  earth  currents,  &c.,  so  affording  means 
of  utilising  the  same  trough,  cable,  or  line  of  sup- 
ports for  carrying  two  or  more  electrical  circuits 
close  together.  This  may  be  accomplished  by 
certain  methods  of  suspending  the  circuits,  by  inter- 
posing “ like”  and  “ unlike  helices”  in  the  circuit, 
or  by  an  “ induction  guard.”  The  invention  is 
illustrated  with  ten  diagrams. 

*1,787.  — B.  H.  Antill,  London.  Dynamo- 
Electric  and  Electro-Dynamic  Machines. 
2d.  April  14. 

Dynamo-Electric  Generator. — The  currents 
are  generated  by  the  movement  of  coils  of  insu- 
lated wire  through  magnetic  fields  without  changes 
of  polarity,  or  by  the  movement  of  magnetic  fields 
of  constant  polarity  relatively  to  coils  of  wire. 

1,794. —E.  L.  Voice,  London.  Apparatus  for 
Generating  Currents  of  Electricity.  lOd. 
(18  figs.)  April  14. 

Dynamo-Electric  Generators. — The  principal 
feature  of  this  invention  consists  in  the  generation 
of  currents  by  the  rotation  of  ring  armatures,  such 
as  shown  in  Figs.  2 and  3,  to  the  iron  cores  of  which 
a magnetic  polarity  is  given,  in  an  unchanging  polar 
field.  A typical  form  of  generator  is  shown,  partly 
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in  section,  in  Fig.  1.  The  core  of  the  armature  A 
forms  a polar  extension  of  the  magnet  core  S,  while 
the  armature  itself  is  made  to  revolve  through  the 
constant  field  formed  by  the  polar  extension  E,  of 
the  core  N.  Numerous  obvious  modifications,  all 
embracing  the  same  principle,  are  described  and 
illustrated  ; for  instance,  the  armatures  may  be 
duplicated,  a double  set  of  commutators  being  then 
employed. 

1,803. — A.  R.  Leask,  London.  Manufacturing 
Incandescent  Lamps.  Gd.  (Gfigs.)  April  15. 

Incandescence  Lamp.s. — This  invention  relates  to 
a gauge  for  the  formation  of  wire  terminals  for  in- 
candescence lamps.  The  gauge  is  shown  at  Fig.  1, 
I”  and  1’- being  lengths  of  steel  wire  held  firmly  by 
binding  screws  B'  and  B-.  One  end  of  a coil  of 
platinum  wire,  having  been  wouiul  helically  round 
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r',  a length  of  the  wire  is  measured  off  from  X to 
Y,  and  a second  helical  coil  of  double  the  number 
of  turns  formed  round  P^.  The  wire  is  then  re- 
leased from  the  gauge  by  pressing  B',  thus  with-  I 
drawing  P’  into  the  body  of  the  gauge.  The  second  i 
made  helix  is  then  removed  from  P-  and  placed  1 
upon  P',  a second  length  of  wire  stretched  across 
the  gauge,  and  a third  twist  taken  round  P-.  These 
operations  are  continued  for  the  whole  length  of 
the  coil,  which  is  afterwards  separated  in  lengths 
through  the  centre  of  the  intermediate  spirals. 
The  separate  portions  are  then  annealed  and  bent 


consists  in  inserting  the  ends  of  the  carbon  filaments 
into  the  spirals,  and  in  causing  the  latter  to  take 
a firm  grip  by  opening  out  the  separate  turns 
with  a blunt  tool,  as  illustrated  in  Fig.  6,  or 
in  otherwise  contracting  their  internal  diameter. 
Figs.  3,  4,  and  5 represent  the  following  processes 
of  introducing  the  conductor  into  the  globe  B of 
the  lamp,  of  securing  it  there,  and  of  forming  the 
attachment  loops  T.  The  lamp  is  then  ready  for 
exhaustion,  and  is  finished  off  in  the  usual  manner. 

1.821.  — J.  C.  Mewburn,  London.  [L.  Weiller, 
A n gouUme, France. ) M an ufact ureofSilicious 
Copper  and  Silicious  Bronze.  4d.  April  17. 

Conductors. — A mixture  consisting  of  fluo-sili- 
cate  of  potash,  pounded  glass,  chloride  of  sodium, 
carbonate  of  soda,  carbonate  of  lime,  and  chloride 
of  calcium,  of  each  one-twentieth  part  by  weight, 
is  introduced  into  melted  copper,  or  bronze,  and 
renders  the  mass  particularly  suited  for  making 
electrical  conductors. 

1.822.  — A.  S.  Church,  London.  {J,  B,  King, 
Brooklyn,  U.S.A.)  Electric  Lamps,  fid. 
(3  figs.)  April  17. 

Carbons. — To  prevent  flickering,  and  to  intensify 
the  combustion  of  the  carbons,  they  are  made  hollow, 
as  shown  at  A in  the  figure,  and  have,  in  the  in- 
terior, a spiral  metallic  wire  C,  designed  to  increase 


the  conductivity.  D is  a tube  containing  a piece  of 
sponge  E,  wdiich  is  covered  by  a disc  of  wire  gauze 


F.  The  sponge  is  kept  moist,  and  air  passes  through 
it  to  the  arc. 

1,830. — Fleeming  Jenkin,  Edinburgh.  Mechan- 
sm  for  Transporting  Goods  and  Passen- 
gers by  Electricity,  fid.  (7  figs.)  April  17. 
Conductors. — This  invention  relates  principally 
o “ telpherage,”  or  the  transmission  of  vehicles  by 
electricity  to  a distance  independently  of  any  con- 
trol exercised  from  the  vehicles.  The  system  com- 
prises the  use  of  strained  conductors,  Aj,  A„,  Aj, 
&c..  Fig.  1,  which  serve  both  to  suspend  the  load 
and  to  convey  the  electric  energy.  In  the  most 
simple  arrangement,  at  each  support  there  is  a 
break  in  the  electrical  continuity  of  the  conductor, 
and  the  separate  sections  Aj,  Aj,  Aj,  &c.,  are  insu- 
lated from  each  other  and  from  the  earth.  They 
are,  however,  electrically  coupled  together  by 
movable  coupling  pieces  B.  D indicates  a train 
upon  the  line,  its  length  being  such  that  it  always 
spans  one  at  least  of  the  intervals  between  the 
sections.  As  it  enters  upon  a section,  it  removes  the 
bridge-piece  B,  which  connected  this  section  with 
the  section  in  rear,  thereby  compelling  the  current 
to  flow  through  one  or  more  motors  carried  by  and 
propelling  the  train.  Before  the  tail  of  the  train 
leaves  the  preceding  section,  it  replaces  the  bridge- 
piece,  and  opens  the  bridge-piece  in  advance.  The 
ormer  operation  is  effected  by  means  of  the  cii’cuit- 
closer  E,  brought  into  action  by  means  of  electro- 
magnets, which  are  connected  by  insulated  wires  F 
0 the  distant  bridge-pieces  B.  The  same  movement 
of  the  train  which  removes  the  bridge-piece,  con- 
nects the  wire  F with  the  main  circuit,  and  the 
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magnet,  being  excited,  closes  the  bridge-piece  with 
which  it  is  connected.  A number  of  trains  may  be 
operated  in  series  upon  a single  conductor  by  in- 
creasing the  energy  supplied  to  the  line  from  the 
station  C,  and  one  train  is  hindered  from  overtak- 
ing a preceding  train  by  the  action  of  the  circuit- 
closer,  which  maintains  electrical  connection  be- 
tween the  sections  for  a certain  distance  behind  a 
train.  A following  train,  entering  upon  a part  of 
the  line  in  which  the  sections  are  thus  connected, 
will  be  checked,  as  the  application  of  power  to  it 
depends  upon  there  being  a break  between  the  two 
sections  momentarily  supporting  it. 

Motor. — Figs.  2 and  3 represent  a suitable  loco- 
motive. It  consists  of  two  electromotors  J J, 
keyed  upon  the  shafts,  which  have  pinions  gearing 
into  the  toothed  wheels  K-  K-,  which  gear  with 
each  other  across  the  wire  rope  A.  On  the  spindles 


N N,  carrying  the  latter,  are  keyed  the  gripping 
pulleys  O O,  running  in  bearings  in  the  arms  of  the 
double-armed  levers  L L,  one  arm  of  each  lever 
being  centred  concentrically  with  the  motor  shafts, 
while  the  other  arm  is  drawn  inwards  by  the 
helical  springs  S.  The  weight  of  the  locomotive 
is  carried  by  the  pulleys  Mj  M2.  Each  train  is 
provided  with  a governor  (in  part  the  subject  of 
Letters  Patent  No.  3,007  of  1882)  which,  when 
the  speed  is  sufficient,  closes  a shunt  circuit  and 
allows  the  current  to  pass  without  traversing  the 
coils  of  the  motors.  The  governor  further  acts 
directly  to  check  the  train,  if  the  speed  becomes 
excessive.  The  specification  also  includes  a system 
of  “telpherage,”  in  which  two  conductors  arc 
divided  into  separate  sections,  and  are  provided 
with  connections  from  one  to  the  other,  controlled 


by  passing  trains.  The  inventor  refers  to  Specifi- 
cation No.  783  of  1881. 

*1,850. — R.  D.  Smillie,  Glasgow.  Negativing  or 
Destroying  the  Effects  of  Induced  Cur- 
rents in  Telephonic  Lines.  2d.  April  18. 

CoNDUCTOR.s. — The  circuits  terminate  in  a pair, 
or  more,  of  coils,  surrounding  a central  iron  core, 
through  which  the  induced  currents  pass  in  a cer- 
tain order. 

1,851.— C.  Curtoys,  London.  Insulated  Sup- 
ports for  the  Communicating  Wires  of 
Telephones.  4d.  (4  figs.)  April  18. 

In.sulators. — The  end  of  the  arm  a,  not  seen, 
is  roughened,  and  is  cemented  into  a roughened 


hole  in  the  insulator  B.  The  other  end  of  the 
arm  may  be  screw  threaded,  or  fitted  with  a plate 
having  holes  for  screws  or  nails. 

1,862. — T.  J.  Handford,  London.  (T.  A.  Edison, 
New  Jersey,  U.S.A.)  Electrical  Railways 
or  Tramways.  8d.  (15  figs.)  April  18. 

Electric  R.\ilway.s. — This  invention  is  divided 
into  several  parts,  having  different  objects  : (1)  To 
provide  means  for  retarding  the  speed  of  a train 
of  carriages  without  the  use  of  brakes.  This  is 
accomplished  by  the  insertion,  in  the  electrical 
circuit,  of  an  adjustable  resistance,  operated  by 
circuit- controlling  and  current- reversing  mecha- 
nism. (2)  To  provide  means  for  maintaining  the 
strength  of  the  field  magnets  of  the  electromotor, 
when  the  latter  is  running  at  a low  rate  of  speed. 
To  effect  this,  the  field  magnets  are  wound  with 
two  sets  of  coils,  one  of  finer  wire  than  the  other. 
The  fine  wire  coils  form  the  permanent  field  circuit, 
while  the  coarse  wire  coils  arc  switched  in  and  out 
of  circuit,  as  required.  (3)  To  provide  electrical 
connections  for  switches  from  the  main  line  to 
sidings,  to  supply  tlie  latter  with  current,  and  to 
obviate  a short  circuit  during  shunting.  The 
switch  rails  arc  connected  by  wooden  tie-bars, 
and  their  ends  slide  on  metal  plates  in  connection 
with  the  circuit.  (4)  To  provide  similar  connec- 
tions for  turntables,  wdiich  will  not  become  short- 
circuited  by  the  movement  of  the  latter.  (5)  To 
secure  good  electrical  contact  throughout  the  lines 
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of  rails,  and  to  prevent  leakage  across  the  ground. 
The  ends  of  the  rails  and  the  fishplates  are  nickel- 
plated,  and  copper  strips  are  used  between  rails 
and  fishplates  at  each  joint.  Also,  except  at  their 
top  surface,  tlie  rails  are  japanned,  and  the  ties 
are  dipped  in  a boiling  insulating  compound. 

1,867. — A.  B.  Brown,  Edinburgh.  Electric  Arc 
Lamps,  (id.  (.3  figs.)  April  19. 

Arc  L.vmp.s. — The  feed  movement  of  the  carbon 
is  effected  by  the  pressure  of  a piston  upon  a liquid, 
the  egress  of  which  from  a cylinder  is  controlled  by 
a valve,  as  described  in  Letters  Patent  No.  5,272  of 
1881.  Fig.  1 represents  one  modification  of  a lamp 
constructed  according  to  this  invention.  The  upper 
carbon  10  is  attached  through  its  holder  12  to 
the  piston  24,  the  downward  movement  of  which  is 
controlled  by  the  operation  of  the  valve  16  by  the 
solenoid  20.  The  electro-magnet  3.3  is  employed 
for  striking  the  arc  ; its  armature  is  attached  to 
the  lever  frame  26  of  the  gripping  device  30,  which 


in  its  upward  stroke  clutches  and  lifts  the  carbon. 
To  prevent  the  piston  from  falling,  when  the  electro- 
magnets are  not  excited,  the  armature  34  is  attached 
to  one  arm  39  of  a lever,  whose  other  arm  engages 
ratchet  teeth  formed  in  the  guide  arm  38.  In 
another  modification,  the  feeding  mechanism  is 
carried  by  the  descending  piston,  and  is  provided 
with  toggle  levers,  which  hinder  the  movement  of 
the  piston  when  no  current  is  flowing  through  the 
lamp. 

,875. — D.  G.  Fitzgerald,  C.  H.  W.  Biggs,  and 
W.  W.  Beaumont,  London.  Secondary 
Batteries.  6d.  (14  figs.)  April  19. 

Secondary  Batteries. — Finely  divided  crystal- 


ccxcvii 

line  lead  is  deposited  eleetrolytically  either  within 
the  moulds,  in  which  the  material  is  afterwards 
compresse<l,  or  in  other  moulds  of  similar  form. 
The  figures  represent  two  descriptions  of  deposit- 
ing  apparatus  B,  in  which  A is  the  anode  and  C 
the  cathode,  tlie  latter  being  covered  with  a non- 
conducting coating,  excepting  that  portion  sur- 
rounded by  the  mould  M.  When  in  action,  lead  is 
dissolved  at  A,  and  thrown  down  upon  C,  within 


the  mould,  which,  when  filled  to  the  desired 
extent,  is  removed,  and  the  mass  of  deposited 
lead  subjected  to  a sufficient  pressure  (preferably 
from  400  lb.  to  1,000  lb.  per  square  inch)  to  con- 
stitute it  a firmly  coherent  but  porous  plate.  The 
process  of  compression  is  preferably  preceded  by 
a partial  oxidation,  by  air  or  otherwise.  In  some 
cases  a contact  piece,  with  spreading  fangs,  is 
embedded  in  the  mass  before  compression. 

1,878. — J.  H.  Johnson,  London.  (J.  M.  A. 
Gerard-Leitcuyi'i',  Paris.)  Dynamo-Electric 
Machines.  6d.  (9  figs.)  April  19. 

Dynamo  - Electric  Generator.  — The  chief 
feature  of  this  invention  is  a peculiar  method  of  dis- 
posing the  armature  coils,  which  consists  in  wind- 
ing two  coils  e e upon  the  armaturey'/’,  so  as  to  form 


one  right-handed  and  one  left-handed  helix.  The 
field  magnets  are  of  alternate  polarity,  while  those 
immediately  opposite  each  other  are  of  like  polarity. 
The  commutator  is  arranged  outside  the  framing. 
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and  consists  of  a cylinder  h,  in  two  parts,  portions 
of  the  sides  of  each  being  cut  away,  so  as  to  leave 
two  segments  on  each  part  of  a length  and  breadth 
about  equal  to  the  space  between  them.  When  the 
two  parts  are  brought  together,  the  projecting  por- 
tions of  the  one  fit  the  recesses  of  the  other,  insu- 
lating material  being  interposed  between  the  two. 
Tlie  brushes  are  arranged  as  shown  at  i i,  the 
coupling  up  of  the  armature  and  field  magnet 
coils  being  effected  as  required. 

1,884.  — W.  R.  Lal<3,  London.  {E.  Marchese, 
Turin).  Separating  Metals  and  Metal- 
loids from  their  Ores.  4d.  April  19. 

Dynamo-Electkic  Generator.  — The  current 
from  a dynamo-electric  generator  is  caused  to  tra- 
verse the  metals  in  an  electrolytic  bath. 

1,895. — P.  M.  Justice,  London  {A . Cruto,  Piossanco, 
Italy).  Electric  Lighting  and  Incandescent 
Lamps.  6d.  (7  figs.)  April  20. 

IxCANDE.scEXCE  Lamps. — Carbon  for  lamp  fila- 
ments is  produced  by  the  decomposition,  by  heat,  of 
hydro-carbons.  In  Fig.  1,  carburetted  hydrogen 
is  led  into  a porcelain  tube  A,  with  glazed  interior 
surface,  passing  vertically  through  a furnace  in 
the  manner  shown.  Carbon  is  deposited  within  the 
tube,  and  the  residual  gas  is  drawn  away  through 


the  tube  (/.  Fig.  2 represents  a similar  arrange- 
ment, where  the  tube  B is  enclosed  in  a muHlc 
of  refractory  material,  and  contains  open  porce- 
lain cylinders  hU,  &c.,  upon  the  surface  of  which 
the  carbon  is  deposited.  For  the  production  of 
thread  filaments,  carbon  is  deposited  upon  a hot 


platinum  wire,  which  is  afterwards  volatilised. 
Fig.  3 illustrates  a vacuum  pump.  Sulphuric  acid 
is  introduced  into  the  vessels  D and  E,  and  the 
exhausting  machine,  not  shown,  which  is  connected 
with  E through  the  tube  «,  is  put  in  operation  until 
the  maximum  vacuum  it  can  produce  is  obtained. 
The  receptacle  D is  then  raised,  when  air  will  be 
driven  from  C into  E,  whence  it  will  be  received 
by  the  exhauster.  This  operation  is  repeated  until 
the  lamps  on  the  left  of  the  figure  are  sufficiently 
exhausted. 

Regulatino  Currents. — In  Fig.  4 is  represented 
an  automatic  current  regulator.  The  tube  L con- 
tains a spiral  of  wire,  through  which  the  current 
passes.  The  end  of  the  tube  dips  into  mercury, 
which  partially  fills  the  vessel  M,  and  rises  to 
a greater  height  in  the  tube  L,  the  superior 
elevation  being  counterbalanced  by  a gaseous 
pressure  above  the  mercury  in  M.  In  the  upper 
part  of  L is  a volatile  liquid,  such  as  alcohol, 
which,  upon  the  temperature  of  the  wire  in- 
creasing, expands  and  drives  the  mercury  down 
the  tube,  exposing  a greater  length  of  wire  to  the 
passage  of  the  current.  In  a modification,  tlie 
movement  of  the  mercury  is  used  to  complete 
the  circuit  of  an  electro-magnet,  which  switches 
in  more  or  less  resistance,  according  to  the  amount 
of  current  traversing  its  helix. 

1,915.— W.  T.  Whiteman,  London.  (M.  Bauer  and 

Co.,  Paris.)  Electric  Lamps.  6d.  (8  figs.) 

April  22. 

Arc  Lamp. — This  relates  partly  to  improvements 
on  the  invention  described  in  Letters  Patent  No. 
2,038  of  1881.  The  improvements  consist  chiefly  in 
the  use  of  an  oscillating  horseshoe  electro-magnet, 
shown  in  plan  and  elevation  in  Figs.  3 and  4,  with 
limbs  of  unequal  length,  for  actuating  and  controlling 
the  movement  of  the  carbons  in  an  arc  lamp.  The 
pole  of  the  sliorter  limb  <P,  which  is  in  contact  with 
the  iron  rod  E carrying  tlie  upper  carbon,  is  cut  to 
the  shape  shown  in  Fig.  4,  d*  d*  being  coverings  of 
brass,  leaving  the  horizontal  diameter  of  the  pole 
alone  exposed.  The  pole  d^  of  the  longer  limb  is 
extended  at  d'',  and  is  curved  to  a radius  d*  d^. 
When  tlie  current  is  conveyed  to  the  lamp,  the 
magnet  turns  upon  its  pivots,  its  free  end  rising  to 
the  attraction  between  the  longer  limb  and  the  fixed 
iron  block  E.  The  attraction  between  tlie  shorter 
limb  and  the  rod  /d  causes  the  upper  carbon  to  rise 
and  form  the  arc.  As  the  carbon  points  are  con- 
sumed, the  magnet  gradually  descends  until  it  is 
arrested  by  the  stop  h,  in  which  position  it  remains 
until  the  current  is  weakened  sufficiently  to  allow 
the  rod  Id  to  slip.  F, are  parts  of  a mag- 
netic brake.  By  screwing  the  iron  block  nearer 
to  the  strip  of  non-niagnctic  metal  F,  carrying  the 
block,  greater  brake  pressure  will  bo  applied  to. 
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the  face  of  the  pole.  The  invention  also  includes  a 
means  of  attaching  a globe  to  an  electric  lamp,  in 
which  the  telescopic  tubes  N,  serve  to 

connect  the  globe  to  the  base  of  the  lamp,  the  tubes 


joint,  or  the  globe  may  be  suspended  by  chains  and 
weights. 

1,919. — J.  Lea,  London.  Electric  Arc  Lamps. 
6d.  (3  figs.)  April  22. 

Arc  Lamp. — The  upper  carbon,  shown  in  dotted 
lines  in  Fig.  1,  is  held  between  grooved  rollers  a 
and  and  the  jockey  roller  a?.  Should  the  carbons 


be  apart  at  the  time  of  starting,  the  current  enters 
at  the  positive  terminal,  and,  traversing  the  shunt 
coils  M,  attracts  the  core  M',  until  the  gripping 


lever  d comes  in  contact  with  the  stud  p on  arm  1’, 
and,  displacing  the  jockey  roller,  causes  the  upper 
carbon  to  fall  upon  the  lower  one.  The  current 
then  passes  through  the  thick  wire  coil  lo  included 
in  the  main  circuit,  and  the  core  of  the  shunt  coil  is 
withdrawn  by  the  spring  k,  and  the  core  N pulled 
down  upon  the  iron  base  S.  The  arm  x displaces 
the  gripping  lever  d',  after  turning  the  roller  a in 
the  proper  direction,  and  the  arc  is  established. 
As  the  arc  lengthens,  and  a greater  proportion  of 
current  fiows  through  M,  M'  is  attracted  until  the 
contact  between  _/’and  d is  broken,  when  a second 
coil  of  greater  resistance,  either  wound  round  M or 
upon  a separate  bobbin,  is  thrown  into  the  shunt  cir- 
cuit. The  effect  of  this  is  to  release  the  core  M’, 
the  recoil  spring  of  which,  during  its  retraction, 
draws  back  the  gripping  lever  d ready  for  the  ne.xt 
feed.  A short-circuiting  arrangement  is  provided 
upon  the  frame  of  the  jockey  roller,  the  surface  y 
coming  into  contact  with  y',  when  the  upper  carbon 
is  consumed,  or  when  it  accidentally  breaks. 

1,946. — C.  V.  Boys,  Oakham.  Secondary 
Batteries,  fid.  (1  fig.)  April  25. 

Secoxdary  Batteries. — This  invention  relates 
chiefly  to  the  use  of  very  finely  divided  lead  for 
the  electrodes.  Lead  dust  is  produced  by  the  agi- 
tation of  molten  lead  in  a covered  vessel,  show’ii 
in  the  figure,  which  also  represents  the  mode  of 


agitating  it.  c c are  crossbars  to  aid  the  process  of 
disintegration.  The  powder  thus  produced  is  amal. 
gamated  with  a weak  solution  of  a salt  of  mercury, 
and  then  compressed  to  form  plates. 

1,999. — J.  B.  Rogers,  London.  Accumulating 
and  Storing  Electric  Currents,  &c.  fid. 
(4  figs. ) April  27. 

Second-ary  Batteries. — The  batteries  are  con- 
structed of  suitably  shaped  sheets  of  lead,  interposed 
with  layers  of  felt,  or  other  insulating  material, 
placed  in  a jar  or  vessel.  Two  sets  of  batteries,  one 
large  and  the  other  small,  are  placed  in  circuit 
between  the  generator  and  the  lamps.  The  large 
batteries  are  charged  by  the  generator,  while  the 
lamps  are  fed  from  them  through  the  small 
batteries. 

*2,020. — J.  C.  Asten,  London.  Obtaining  Elec- 
tric Light.  2d.  April  28. 
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Cakbons. — The  positive  carbon  is  tubular  and 
contains  the  negative  one,  the  two  being  separated 
by  a non-conductor. 

2,030. — The  Hon.  R.  Brougham,  London. 
Electrical  Switches  or  Changers.  6d. 
(.3  figs.)  April  28. 

Switches. — The  end  of  the  lever  f,  and  the 
vertical  faces  of  the  arcs  </y,  are  curved  circularly, 
but  the  latter  are  set  somewhat  eccentrically  to  the 


former,  in  the  manner  shown,  so  that  the  lever  shall 
be  thrust  against  its  fulcrum  e,  when  making  con- 
tact with  either  of  the  pieces  <j  g. 

*2,037. — A.  L.  Jousselin,  Paris.  Manufacture 
of  Electric  Incandescent  Lights  in  the 
Vacuum.  2d.  April  29. 

Incandescence  Lamps. — The  glass  globe  is  closed 
by  a metallic  fitting,  secured  to  it  by  a fusible 
enamel,  composed  of  100  parts  of  sand,  250  of 
minium,  and  150  of  protoxide  of  copper.  The 
conductors  pass  through  two  metallic  tubes.  Tlie 
filaments  are  made  from  strips  of  woven  fabric 
impregnated  with  cellulose.  These  are  washed 
in  water  and  ammonia,  dried,  and  steeped  in  a 
solution  of  sugar,  coated  with  pure  graphite,  and 
dried  gently.  The  filaments  are  eemented  to  the 
conductors  with  a paste  composed  of  pure  graphite 
and  pure  sugar.  Car  lion  isation  is  effected  so  as 
to  obtain  an  abundant  precipitation  of  carbon 
on  the  filament. 

2,044.— The  Hon.  R.  Brougham,  London.  Dy- 
namo - Electrical  Machines.  6d  (8  Figs.) 
April  29. 

Dynamo-Electiuc  Genek.ytor. — The  armature 
coils  are  made  of  insulated  metal  tape,  instead 
of  wire,  the  tape  haring  a width  equal  to  the  widtli 
of  tlie  coil  to  be  formed.  These  coils  B (Fig.  2)  are 
wound  on  an  iron  core  A,  and  their  ends  1)  arc 
twisted  tlirough  90  deg.  and  led  to  the  comnni_ 
tator.  A binding  of  iron  wire  K is  wrapped  over 
the  coils,  and  dressed  to  an  even  cylindrical  surface. 


Within  the  armature  so  formed,  wooden  staves  I 
are  laid,  and  supported  on  centres  B,  formed  in  seg- 


ments and  expanded  to  the  required  size  by  being 
drawn  up  the  tapered  portions  F F of  the  spindle 
by  the  bolts  H H. 


2,052. — T.  J.  Handford,  London.  (7'.  A.  Edison, 
N(xo  Jersey,  U.S.A.)  Electric  Generators 
and  Engines,  &c.  6d.  (9  figs.)  May  1. 

Dynamo-Electric  Gener.ator. — The  armature 
of  this  generator  is  built  up  of  a number  of  cop- 
per discs.  Fig.  1 shows  the  generator  in  eleva- 
tion, Fig.  2 being  a vertical  central  section,  and 
Fig.  3 an  end  view  of  the  armature  and  com- 
mutator. The  polar  extensions  N S of  the  field 
magnet  A are  hollowed  out  on  their  inner  faces  to 
form  chambers,  which  enclose  opposite  portions  of 
the  armature,  and  their  sides  are  bevelled,  as 


shown  at  a,  to  reduce  the  attractive  force  acting 
directly  across  between  the  polar  extensions.  The 
armature  is  composed  of  an  iron  core  and  two  sets 
of  coiipcr  discs  E F.  These  discs  are  placed  on  oppo- 
site sides  of  the  iron  core,  and  are  insulated  from 
each  other  by  paper.  Each  disc  has  two  projections 
(I  e on  its  peripliery,  and  is  joined,  by  cross  con- 
nections, to  another  disc.  The  connections  are  made 
as  follow's  : Assuming  that  1 1 discs  are  employed 
in  each  set,  and  that  the  discs  of  the  set  E are 
numbered  in  the  direction  approaching  the  core 
1,3,  . . . . 21,  and  that  the  iliscs  of  the  set 

F are  similarly  numbered  2,  4,  . . . . 22,  the 
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outei'  iliso  1,  of  the  setE,  is  connected  to  the  outer 
disc  ‘2,  of  the  set  K,  the  disc  2 to  tlic  disc  .3,  and 
so  on  throughout  the  two  sets,  21  and  22  being 
finally  connected  together.  The  discs  are  connected 
to  the  commutator  H by  plates  j\  the  alternate 
connections  of  the  discs,  with  each  other,  being 
connected  u ith  the  bars  of  the  commutator.  In 
the  modification  shown  in  Fig.  4,  there  is  only 
one  set  of  discs  and  a number  of  insulated  copper 
rings  or  segments  of  rings  E are  supported  by  the 
rim  of  the  plate  B,  and  connect  the  copper  discs  in 
a continuous  series,  in  a similar  manner  to  that  in 
which  the  discs  of  the  two  sets  E F are  connected 
as  above  described.  The  invention  further  relates 
to  regulating  a dynamo-electric  generator  by  wind- 
ing the  field  magnets  with  several  independent 
coils,  and  reversing  the  flow  of  the  current  in  one 
or  more  of  the  coils  when  the  current  becomes 
excessive. 

2,038. — C.  H.  Cathcart,  Sutton,  Surrey.  Secon- 
dary Batteries.  4d.  May  2. 

Secondary  Batteries. — The  negative  electrode 
is  made  of  sheet  lead,  coated  with  oxide  of  lead, 
while  the  positive  electrode  is  coated  electrolytically 
with  zinc,  and  well  amalgamated  with  mercury. 
The  solution  contains  sulphate  of  zinc  acidulated 
with  sulphuric  acid. 

2,072. — T.  J.  Handford,  London.  (T.  A.  Edixon, 
Neio  Jerxey,  U.S.A.)  Electric  Lights.  6d. 
(4  figs.)  May  2. 

Arc  Lamp. — The  feed  of  the  upper  carbon  is 
controlled  by  a clutch,  actuated  by  two  differential 
magnets  M M'  (Fig.  1)  of  approximately  equal 
resistance,  but  having  different  weights  of  metal  in 
their  coils,  M being  placed  in  the  main  circuit, 
and  M'  in  a shunt  circuit.  A small  resistance  R 
is  placed  in  a derived  circuit  M.  'When  the  car- 
bons are  in  contact,  M predominates,  and  lifts,  by 


the  armature  lever  and  clutch,  the  upper  one,  so 
establishing  the  arc,  M’  counteracting  the  sustain- 
ing effect  of  M as  the  arc  resistance  increases.  Fig.  2 
illustrates  a modification,  in  which  the  electro-mag- 
net M is  replaced  by  a permanent  magnet  N S.  In 
a further  modification,  a heating  coil,  placed  in  a 
shunt  circuit,  and  enclosed  in  an  expansible  chamber, 
is  used  as  one  of  the  opposing  elements,  the  move- 


ment of  the  chamber  being  communicated  to  the 
armature  lever  by  a link.  In  working  the  lamps 
in  multiple  arc,  all  the  shunt  coils  are  connected 
in  series  in  one  of  the  main  conductors. 

2,092. --C.  Lever,  Bowden,  Cheshire.  Electric 
Light  Apparatus.  8d.  (13  figs.)  May  3. 

Arc  L.vmp. — The  coils  of  the  electro-magnets 
F F,  as  shown  at  Fig.  1,  and  diagrammatically  at 
Fig.  2,  are  placed  in  a shunt  circuit,  and  their 
attraction  upon  an  armature  A is  counterbalanced 
by  a spring  D.  When  no  current  is  passing,  the 
carbons  are  held  apart  by  this  spring  acting  through 
the  projection  L upon  the  washer  clip  B,  encircling 


the  upper  carbon-holder  C.  Upon  the  passage 
of  the  current  the  carbons  are  momentarily  drawn 
together,  and  then  separated  by  the  spring  to  form 
the  arc,  when  the  current  passes  by  the  flexible 
connection  S'^.  The  spring  U may  be  replaced  by 
fluid  pressure  acting  on  a piston.  In  a modiScation, 
two  springs  impinge  at  their  curved  ends  on  the 
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sides  of  the  carbon-holder,  and  normally  raise  it  to 
the  height  required  for  the  production  of  the  arc. 
The  springs  have  soft  iron  pieces  attached  to  their 
under  sides,  which  serve  as  armatures  for  two 
shunt  electro-magnets  placed  immediately  under 
them.  The  springs  may  be  actuated  by  a solenoid, 
in  which  case  a pivotted  lever  spanning  the  carbon- 
holder,  and  provided  with  two  knife  edges,  bears 
on  the  upper  sides  of  the  springs,  the  free  end  of 
the  lever  being  connected  to  the  solenoid  core:  or 
the  two  springs  may  be  connected  to  an  armature 
common  to  both  of  them,  as  shown  at  Fig.  3.  In  a 
further  modification,  a spring  may  be  caused  to  tilt 
the  waslier  clip,  and  maintain  it  in  its  highest 
position,  a shunt  magnet  serving  to  draw  down 
the  spring,  and  so  release  the  clip  when  the  arc 
resistance  becomes  abnormal.  To  prevent  an  arc 
forming  between  the  carbon-holder  and  the  lower 
carbon,  should  one  of  the  carbons  fall  out,  or  to 
automatically  switch  out  one  set  of  carbons,  and 


switch  in  another,  in  a double  lamp,  the  descent  of 
the  carbon  holder  is  made  to  release  a trigger 
arrangement,  which  either  cuts  the  carbon-holder 
out  of  circuit,  or  switches  in  the  second  pair  of 
carbons,  as  the  case  may  be.  Tlie  methods  of 
regulation  before  described  are  applicable  to  the 
invention  described  in  Patent  No.  3,599  of  1881. 

DyNAMO-ELp;cTRTC  Gener.4^tors. — To  enable  a 
self-exciting  dynamo-electric  generator  to  start, 
when  a great  external  resistance  exists,  the  field 
magnets  are  first  excited  by  a shunt  circuit,  which 
is  then  broken,  either  automatiojlly  or  by  hand. 
Figs.  4 and  5 illustrate  the  automatic  apparatus. 
From  the  terminals  of  the  generator  two  circuits 
are  run,  one  containing  four  lamps  L L,  and  the 
other  the  shunt  apparatus.  This  comprises  an 
electro-magnet,  v hose  coils  F K have  a resistance 
equal  to  tlie  lamps,  a pivotted  armature  A,  and  a 


sliding  contact  C,  shown  to  a larger  scale  in  Fig.  5. 
At  first  the  course  of  the  current  is  through  the 
magnet  coils  to  the  terminal  B’,  and  fixed  portion 
of  the  contact,  and  then  across  the  armature  to  the 
terminal  B,  and  back  to  the  generator.  As  soon, 
however,  as  the  armature  is  drawn  up  to  the 
magnet,  one  part  C of  the  contact  piece  slides  off 
the  other  part  S,  and  the  circuit  is  broken,  the 
whole  current  then  flowing  through  the  lamps. 

2,128. — W.  Arthur,  London.  Regulating  and 
Utilising  Electric  Currents.  6d.  (1  fig.) 
May  5. 

Secondary  Batterie.s. — The  circuits  are  so  ar- 
ranged, that,  when  any  group  of  lamps  not  required 
is  switched  out,  the  current,  ordinarily  passing 
through  them,  is  diverted  through  secondary  bat- 
teries of  approximately  equal  resistance. 

2.135.  — T.  Cuttriss,  Leeds.  (Partly  O.  Cuttriifs, 
Duxhury,  Mafs.,  U.S.A.)  Forming  Lead  for 
Secondary  Batteries,  &c.  4d.  May  6. 

Secondary  Batteries.  — The  lead  plate  to  be 
peroxidised  is  placed  in  a porous  pot  in  a depositing 
cell,  and  is  surrounded  by  a bichromate  solution 
(preferably  potash  or  soda)  containing  a small  quan- 
tity of  nitric  and  sulphuric  acid.  The  lead  plate 
forms  the  anode,  while  a carbon  or  metal  plate 
immersed  in  sulphuric  acid  forms  the  cathode.  To 
increase  their  durability,  the  plates  are  made  thicker 
at  the  upper  than  at  the  lower  parts. 

2.136.  — J.  RapiefF,  London.  Incandescent 
Lamps.  4d.  May  (5. 

Incandescence  Lamps.  — The  filaments  are 
formed  out  of  carbon  deposited  in  a crystalline 
state,  either  by  electricity,  heat,  or  by  both,  from 
noii-hydrogenic  compounds  of  carbon  with  iodine, 
chlorine,  bromine,  sulphur,  selenium,  &c.,  regu- 
larity in  the  resistance  of  the  filaments  and  in  the 
grain  of  the  carbon  being  attained  by  an  automatic 
switch,  whereby  the  depositing  current  is  diverted 
into  a channel  of  equal  resistance  when  the  filament 
has  acquired  its  proper  resistance.  Single  or  mul- 
tiple filaments,  of  a spiral  or  zigzag  form,  may  be 
prepared  from  paste,  or  cotton  wool,  or  flax,  hemp, 
&c.,  by  a process  of  carbonisation.  The  conducting 
wires  are  secured  in  a glass  thimble,  which  in  turn 
is  secured  in  the  tubular  part  of  the  globe.  The 
thimble  maybe  extended  for  some  distance  between 
the  conductors,  so  as  to  form  an  insulating  bridge 
between  them.  The  globe  is  charged  with  an  inert 
and  insulating  medium,  such  as  the  vapour  of 
chlorine. 

*2,138.— A.  Millar,  ( Uasgow.  Apparatus  for 
Producing  Electric  Currents,  &c.  ltd. 
May  G. 
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Generator. — The  poles  of  a number  of  electric 
or  permanent  magnets  form  circles  concentric  with 
each  other.  The  currents  are  produced  by  rotating 
a Gramme  armature  “ within  the  circular  space 
between  the  limbs  of  the  horseshoe  magnets.” 

2,144. — J.  H.  Johnson,  London.  (J.  M.  A. 

Gerard-Leacuyt'r,  Paris.)  Electric  Lamps. 

Gd.  (Gfigs.)  May  G. 

Arc  Lamp. — In  this  lamp,  two  parallel  carbons 
are  used,  the  repulsion,  due  to  the  current  travers- 
ing the  carbons,  furnishing  the  power  which  causes 
one  carbon  to  recede  from  the  other,  and  so  estab- 
lish the  arc.  The  carbon  a is  fixed  m a stationary 
holder,  while  h is  carried  by  a twm-legged  yoke, 
provided  with  pointed  feet  standing  in  mercury 
cups.  When  no  current  is  passing,  the  carbon  b 


leans  against  a,  but  as  soon  as  the  circuit  is  com- 
pleted, b is  forced  away,  and  recedes  until  stopped 
by  the  adjustable  screw'  i.  Fig.  2 shows  the  same 
arrangement  inverted ; in  this  the  details  of  the 
cup  d and  feet  g are  more  clearly  shown.  In  place 
of  the  two  equal  carbons,  a solid  electrode  may  be 
placed  within  a hollow  one,  or  one  carbon  may 
stand  symmetrically  within  a group  of  three  or 
more. 

*2,184. — C.  F.  Varley,  Bexley  Heath,  Kent. 
Electro-  Magnetic  and  Magneto-Electric 
Engines.  2d.  May  9. 

. Generator. — A hollow  iron  cylinder  has  another 
cylinder  within,  and  united  to  it.  This  compound 
cylinder  can  be  rotated  within  a suitable  arrange- 
ment of  magnets,  or  within  a helix  surrounding  it, 
so  as  to  give  the  double  cylinder  one  magnetic  pole. 
In  the  annular  space  between  the  two  cylinders  is 
another  cylinder,  coiled  with  wire  parallel  to  its 
axis.  This  cylinder  forms  the  second  magnetic 
pole,  and  is  preferably  in  section  like  “half  a 
double  convex  lens.” 

*2,185. — C.  F.  Varley,  Bexley  Heath,  Kent. 
Electro- Magnetic  and  Magneto  - Electric 
Engines.  2d.  May  9. 


The  object  of  this  invention  is  to  obtain  rotary 
motion  from  electric  currents,  or  vice  versd,  and  to 
obviate  burning  at  “places  of  contact.”  In  the 
method  first  described,  two  or  more  bar  magnets  are 
placed  end  to  end,  and  are  free  to  rotate  axially  in 
either  direction.  Near  to,  or  surrounding  them, 
is  the  hollow  pole  of  a magnet.  Each  alternate  bar 
may  be  a fixture.  On  passing  a current  througli 
the  bars,  rotation  is  produced.  If  the  bars  be 
rotated,  electricity  is  generated.  In  a second  ar- 
rangement, a long  bar  magnet  lias  magnetic  discs 
upon  it,  around  which  discs  is  a “ magnet  ring,” 
and  the  bar  between  the  discs  passes  through  a 
hole  in  a magnet.  If  the  N pole  of  the  current  be 
presented  to  the  discs,  the  S pole  is  presented  to 
the  bar  between  the  discs.  Rotation  is  produced 
w'hen  an  electric  current  passes  from  end  to  end  of 
the  bar.  In  a third  arrangement,  a series  of  mag- 
netic discs  is  placed  on  a revolving  bar  magnet,  each 
alternate  disc  being  deeply  grooved,  and  each  other 
alternate  disc  being  hollowed  in  the  centre.  These 
run  inside  holes  in  stationary  bar  magnets.  In  a 
further  arrangement  the  bar  magnet  is  made  in  sepa- 
rate insulated  segments,  and  each  segment  is  joined 
to  an  msulated  ring  at  the  ends  of  the  bar,  against 
which  springs  press.  These  springs  are  so  arranged, 
that  the  segments  may  be  coupled  up  parallel,  or  in 
series.  The  rods  are  made  tubular,  and  the  discs 
are  perforated  perpendicularly  to  the  axis  of  the 
tube.  When  it  is  deemed  advisable  to  nickel,  or 
platinise  the  bars,  or  segments,  it  is  preferred  to 
do  it  by  electro-deposition.  Mercury  is  used  as  a 
lubricator  and  contact  maker.  The  fixed  magnets 
may  be  replaced  by  coils  of  insulated  wire  sur- 
rounded by  the  movable  bars,  and  the  apparatus 
can  be  self-magnetising. 

2,186. — H.  Lea,  Birmingham.  Incandescent 
Electrical  Lamps.  Gd.  (15  figs.)  May  9. 

Incandescence  Lamps. — The  glass  globe  of  an 
incandescence  lamp  is  surmounted  by  a hollow  neck 
B,  the  upper  end  of  which  takes  a transverse  T 


shaped  form,  whence  projects  two  looped  conduct- 
ing wires  B'  B’.  The  holder  consists  of  a non- 
conducting body,  two  metallic  springs  K K,  and 
two  binding  screws,  the  springs  being  bent  into  such 
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a form  as  to  securely  gi'ip  tlie  head  of  the  globe 
wlien  it  is  forced  up  between  them,  and  at  the  same 
time  to  form  metallic  contact  with  the  platinum 
wires  upon  which  they  press. 

2,192. — C.  J.  Allport,  London.  Manufacture 
of  Bridges  or  Loops  for  Incandescence 
Electric  Lamps.  4d.  May  10. 

Incandescence  Lamps. — The  filaments  are  made 
from  asbestos  fibres,  in  combination  with  carbon, 
the  two  being  united  by  pressure,  interlacing,  or 
otherwise  ; or  asbestos  fibres  may  be  combined  with 
carbon  filaments  obtained  from  bodies  containing 
carbon  and  hydrogen,  such  as  sugar,  or  paraffine. 
Asbestos  fibres  are  also  combined  with  carbon  fila- 
ments derived  from  hydro-carbons  in  accordance 
with  Patent  No.  4,850,  of  1881  ; or  combined  with 
hydro-carbons  they  may  have  finely  divided  carbon 
incorporated  with  them,  after  which  they  are  car- 
bonised. Compound  filaments,  as  abov'e  described, 
are  carbonised  by  (n)  submitting  them  to  direct 
contact  with  a hydro-carbon  flame  ; (6)  dipping  the 
filament  in  a hydro-carbon,  and  igniting  ; (c)  placing 
it  in  a crucible  containing  finely  divided  carbon, 
and  raising  the  whole  to  a white  heat.  Carbonisa- 
tion is  effected  by  means  of  strong  sulphuric  acid, 
when  saccharine  matters  are  used  in  the  construc- 
tion of  the  filament.  The  compound  filaments  are 
compressed  by  suitable  means,  such  as  hydraulic 
pressure,  in  order  to  consolidate  them. 

*2,207. — C.  F.  Varley,  Bexley  Heath,  Kent. 
Electro-Magnetic  and  Magneto-Electric 
Engines.  ‘2d.  May  10. 

The  object  of  this  invention  is  “ to  get  a conductor 
moving  between  the  poles  of  the  magnets  so  as  to 
generate  electricity.”  One  moving  spindle  may  be 
used,  but  it  is  preferred  to  employ  a multiple  of  two. 
In  an  apparatus  having  four  spindles,  on  the  further 
end  of  the  left-hand  spindle  is  an  insulated  conduct- 
ing disc,  and  on  the  remaining  portion  of  that  spindle 
are  insulated  conducting  reels.  On  the  intermediate 
spindles  are  insulated  discs,  and  on  the  right-hand 
spindle  are  insulated  reels,  and  at  its  near  end  an 
insulated  disc.  The  discs  and  reels  are  either 
geared  together  with  teeth,  or  are  made  to  overlap 
and  touch,  or  they  may  rotate  between  fixed  pieces 
of  conducting  material  suitably  curved.  When 
combined  they  form  a contimrous  conductor.  The 
discs  are  slotted  to  prevent  “false  conduction.” 
The  slots  may  lie  filled  with  insulating  material. 
In  order  to  diminish  resistance  at  the  junctions, 
jets  of  mercury  are  made  to  play  on  the  discs,  or 
they  may  dip  in  mercury  cups.  Between  the  discs 
are  placed  the  poles  or  magnets,  so  that  the  rotating 
discs  cut  the  magnetic  ring,  and  produce  one  con- 
tinuous current  through  the  generator.  A second 


method  of  carrying  out  this  invention  consists  of 
forming  a moving  sheet  of  mercury  in  the  magnetic 
field.  Insulated  conductors  are  in  contact  with  the 
ends  of  this  sheet  to  collect  the  currents  generated. 
The  mercury  is  supplied  to  the  cistern  by  pumps. 

*2,225. — T.  Floyd  and  T.  Kirkland,  Junr., 
London.  Dynamo-Electric  Machine.  2d. 
May  1 1 . 

Dynamo-Electkic  Gener.ator. — The  field  mag- 
nets and  armature  revolve  in  opposite  directions. 
The  former  are  constructed  in  sections,  and  coupled 
up  in  series,  so  as  to  obtain  consequent  points  form- 
ing N and  S poles  at  extremities  of  a diameter.  A 
space  left  between  each  section  permits  an  air 
circulation,  and  so  allows  of  smaller  wire  being 
used.  The  poles  of  the  field  magnets  almost  sur- 
round the  armature,  the  neutral  points  being  con- 
nected by  brass  strips.  The  end  frames  are  insulated 
from  and  bolted  to  the  field  magnets,  and  carry  the 
bearings  for  the  armature  shaft.  The  circumference 
of  the  armature  is  divided  into  twenty-four  spaces, 
between  each  of  which  occurs  one  of  the  cast-iron 
radial  bars  of  the  box-frame,  which  is  keyed  on  to 
the  shaft.  In  each  space  is  a bundle  of  insulated 
copper  wires,  having  their  ends  joined  together  and 
brazed  to  brass  caps  having  tail-pieces,  so  as  to  form 
a connection  with  the  commutator  and  the  next 
section  of  wires.  The  sections  are  insulated  from 
each  other  by  asbestos  paper.  Tlie  commutator 
bars  are  inclined  to  the  shaft,  to  insure  the  collect- 
ing rollers  always  touching  two  of  the  bars.  The 
collecting  rollers  have  their  axes  inclined  to  that  of 
the  shaft,  so  that  the  centrifugal  force  shall  main- 
tain good  contact  with  the  commutator.  In  a 
modification,  the  armature  is  made  to  embrace  the 
field  magnets  both  inside  and  out. 

*2,226. — T.  Floyd  and  J.  Probert,  London. 
Incandescent  Electric  Lamp.  2d.  May  11. 

Incandescence  Lamp. — One  or  more  filamentsare 
enclosed  in  an  exhausted  globe,  at  equal  distances 
from  each  other,  and  from  the  centre  of  the  globe. 
The  filaments,  made  of  cocoa-nut  fibre,  briza 
minima,  or  esparto,  are  attached  at  each  end  to 
the  conducting  wires  passing  through  the  stem  of 
the  lamp.  A reflecting  ball  may  be  enclosed 
within  the  globe. 

2,232. — J.  M.  Stuart,  London.  Apparatus  for 
Generating  Electric  Currents,  (id.  (2  figs.) 
May  1 1 . 

Dyn.\mo-Klec;tkio  (!ener.\tor. — This  invention 
relates  to  the  use  of  duplicate  armatures,  which  re- 
volve in  opposite  directions.  The  armature  coils  arc 
wound  longitudinally  between  soft  iron  bars  A Ai  A, 
secured  to  end  plates  carried  by  the  shafts.  T'hcso 
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bars  are  separated  from  each  other  in  the  same 
circle  by  distance  pieces  U I),  D.  More  tlian  two 
armatures  can  be  employed  if  desirable.  The  field 


magnets  and  commutators  are  of  the  ordinary  de- 
scription, and  the  coils  are  coupled  up  as  recpiired. 


2,233. — J.  M.  Stuart,  London.  Electric  Lamps. 

4d.  May  11. 

Incande.scence  Lamps. — A stopper  or  plug  fitting 
the  neck  of  the  globe,  carries  two  glass  tubes  of 
about  I in.  in  diameter,  within  which  are  sealed 
the  platinum  conducting  wires.  The  wires  do  not 
extend  the  full  length  of  the  tubes,  but  terminate 
at  a distance  of  | in.  to  J in.  from  their  interior 
ends,  while  the  tubes  themselves  extend  approxi- 
mately to  the  centre  of  the  globe.  The  air  in 
the  globe  is  rarefied  by  the  use  of  ether,  or  other 
suitable  substance,  and  is  then  exhausted.  A small 
quantity  of  carbonic  acid  is  afterwards  introduced, 
and  the  globe  again  exhausted  as  perfectly  as  pos-  ^ 
sible,  and  sealed.  The  carbon  filament  is  prepared  j 
from  animal  carbon,  such  as  horsehair,  carbonised 
and  bent  in  the  usual  manner.  Instead  of  using 
animal  carbon  alone,  a combination  of  animal  and 
vegetable  carbon,  such  as  a cotton  fibre,  around 
which  horsehair  is  wound,  or  mineral  carbon,  may 
be  employed,  or  a combination  of  animal,  vege- 
table, and  mineral  carbon,  such  as  asbestos  soaked 
in  melted  sugar  and  wound  with  horsehair,  and 
subsequently  carbonised.  The  globes  are  prefer- 
ably made  of  iridescent  glass. 

2,248. — T.  Varley,  Walthamstow,  and  H.  B. 
Greenwood,  London.  Apparatus  for 
M easuring  Electric  Currents.  6d.  (2  figs.) 
May  12. 

Current  Meter. — The  object  of  this  invention 
is  to  provide  means  for  measuring  the  quantity  of 
electricity  supplied  from  any  source.  It  is  essential 
that  the  speed  of  the  indicating  mechanism  shall 
vary  with  the  current  passing  through  the  circuit, 
and  that  such  speed  shall  not  be  sensibly  affected 
by  friction,  and  also  that  the  current  shall  be  con- 


tinuous. The  apparatus  is  constructed  as  follows  : 
A disc  is  arranged  so  as  to  be  rotated  by  an  electro- 
motor, or  other  means,  its  speed  being  maintained 
uniform  by  an  escapement,  or  other  suitable  device. 
In  combination  with  this  disc  is  a roller,  carried  in 
a pivotted  frame,  so  arranged  as  to  be  oscillated  by 
the  varying  attractive  force  of  a solenoid  included 
in  the  circuit.  The  shaft  of  the  roller  is  connected 
with  registering  mechanism.  Fig.  1 is  a front  ele^^a- 
tion  of  one  of  these  meters,  and  Fig.  2 is  a modifi- 
cation of  the  same  ; a is  the  base-plate,  h an  electro- 
motor, c the  disc,  d the  spindle  connecting  the  same 
to  the  motor,  (?'  a train  of  wheels  and  escapement ; 
e is  the  roller,  to  the  axis  of  which  is  fixed  the 
pointer  f,  and  the  gear  wheel /’  of  the  indicating 
mechanism  ; ;/  is  the  supporting  frame  pivotted  at 
(f  to  the  lever  h.  The  spring  y keeps  the  roller  and 
disc  in  frictional  contact.  The  cord  k passes  over 
an  eccentric  I,  carried  by  a shaf t ni,  andhaving  fixed 
to  it  a piece  o,  which  forms  the  armature  of  the 
electro-magnet  j).  This  electro-magnet  is  included 


in  the  circuit  of  the  current  to  be  measured.  The 
action  of  the  apparatus  is  as  follows  ; When  no 
current  is  passing,  the  roller  has  a point  on  its  sur 
face  bearing  on  the  centre  of  the  disc,  and  it  there- 
fore receives  no  motion  from  the  disc,  but  when 
a current  passes  through  the  circuit,  the  armature 
is  attracted  to  the  pole  y;  of  the  electro-magnet, 
thereby  altering  the  position  of  the  roller  with 
respect  to  the  disc.  By  suitably  proportioning 
the  cam,  levers,  and  spring,  such  motion  may  be 
made  to  be  proportional  to  the  variations  in 
the  current,  and  consequently  the  indicating  me- 
chanism in  like  manner,  as  the  point  of  contact 
between  roller  and  disc  alters  its  distance  from  the 
centre  of  the  latter.  In  the  modification  of  this 
apparatus  shown  in  Fig.  2,  the  disc  c is  concave, 
and  gears  with  a small  wheel  e,  attached  to  the 
indicating  mechanism.  The  frame  <j  is  pivotted  at 
y',  and  is  arranged  so  that  the  wheel  e can  be  moved 
from  the  eentre  of  the  disc  to  its  circumference,  in 
a similar  way  to  that  above  described. 

*2,256. — H.  Wilde,  Manchester.  Regulating 
and  Directing  Electric  Light.  2d.  May  13. 

Arc  Lamp. — To  localise  the  arc,  when  used  in  a 
projector,  the  lamp  described  in  Patent  No.  618  of 
1873,  has  combined  with  it  one  or  more  electro- 
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magnetic  coils,  arranged  near  to  the  are,  and  in- 
cluded in  the  main  circuit. 

2,263. — A.  T ribe,  London.  Secondary  Batteries. 

4d.  May  13. 

Second.\ry  B.\tteries. — Loss  of  energy,  and  de- 
struction of  the  foundation  plates,  is  obviated  by 
exalting  the  electro  negative  character  of  the  plates.  j 
This  is  done  by  employing  plates  of  lead,  more  or  | 
less  converted  into  sulphides,  oxides,  arsenides,  1 
phosphides,  or  other  electro-negative  compounds,  by 
adding  to  the  molten  metal  sulphur,  arsenic,  &c., 
as  desired.  A positive  element  is  prepared  by 
compressing  precipitated  lead. 

2,286. — R.  Kennedy,  Glasgow.  Electric  Lamps. 

2d.  May  16. 

Arc  L.\mp. — For  the  soft  iron  tube,  referred  to 
in  Specification  No.  1,199  of  1882,  is  substituted  a 
tube  or  core  of  material  other  than  soft  iron,  such  as 
brass,  copper,  wood,  oi'  vulcanite.  The  tube  or 
core  may  be  of  conical,  or  other  form.  The  sole- 
noids may  be  of  iron  or  other  metallic  wire,  which 
acts  also  as  the  magnetic  core. 

2,288. — E.  L.  Voice,  London.  Electric  Lamps. 

6d.  (5  figs.)  May  16. 

Arc  L.\>ip. — Tliis  is  a clutch  lamp,  depending 
for  regulation  on  the  principle,  that,  if  two  rods  of 
iron  be  placed  in  a hollow  bobbin,  in  whicli  a current 
of  electricity  is  flowing,  they  will  tend  to  separate 
with  a force  proportional  to  such  current.  As  will 
be  seen  from  the  illustration,  the  iron  rods  C C, 


forming  the  core  of  the  main  solenoid  A and  shunt 
solenoid  B,  are  hinged  together  at  or  near  their  outer 
ends.  Extension  pieces  o o,  preferably  of  brass,  with 
blocks  of  iron  1 1 at  their  ends,  are  rigidly  fixed  to 
the  bars  C C.  'The  posts  B P are  surrounded  by 
spiral  springs,  and  are  adjustable  transversely  in 
slots  made  in  tlie  frame  F,  cnalding  the  “l)iting 


power”  of  the  iron  rods  constituting  the  eore  to  be 
regulated.  “ If  the  lamp  is  placed  in  circuit,  the 
iron  rods  move  apart  at  the  top,  and  consequently 
bite  the  carbon-holder  at  the  bottom,  at  the  same 
time  forming  the  arc.”  If  the  lamps  are  working 
in  series,  the  varying  resistance  of  the  circuit  is  com- 
pensated for  as  follows  : As  soon  as  one  arc  gets 
long,  its  increased  resistance  causes  the  shunt  coil 
B to  convey  more  current,  and  therefore,  to  attract 
the  blocks  I I,  while  the  core  has  a tendency  to 
drop,  but  that  cannot  happen  without  first  releasing 
the  electrode,  by  reason  of  the  combined  effect  of 
the  upturned  pressure  of  the' springs,  and  the  in- 
creased influence  which  the  shunt  coil  B has  on  the 
blocks  I I. 

*2,293. — A.  Shippey,  London,  and  R.  Punshon, 
Brighton.  Insulating,  Covering,  and  Coat- 
ing Wires  used  for  Electric  Lighting,  &c. 
2d.  May  16. 

Conductors. — Coatings  of  equal  parts  of  pow- 
dered glass  and  soda  silicate,  mixed  intimately 
together,  are  applied  moist  to  the  wires.  The  con- 
ductors, when  dry,  may  be  covered  with  thin  tape, 
or  asbestos  paper  soaked  in  melted  paraffine,  ozo- 
kerit,  &c. , and  finally  covered  with  a solution  of 
india-rubber  dissolved  in  benzole. 

2,295.  — B.  H.  Chameroy,  Maisons  Lafitte, 
France.  Compensating  Dynamo-Electric 
Machines.  6d.  (5  figs.)  May  16. 

Dyn,\mo-Eleotric  Generator.s. — The  effects  of 
variation  of  the  resistance  in  circuit  are  compen- 
sated for,  by  causing  the  pole-pieces  B of  the  field 
magnets  D to  approach  or  recede  from  the  armature 
A.  For  this  purpose,  the  field  magnets  are  pivotted 
at  C,  and  being  free  to  move  in  a direction  perpen 
dicular  to  the  axis  of  the  armature,  an  increase  in 
their  magnetic  intensity,  setting  up  an  increased 
attraction  between  the  pole-pieces  and  the  iron  pro- 
jections F,  causes  the  former  to  move  away  from 
the  armature.  Their  movement  is  limited  by  the 
screw  I acting  upon  the  springs  H.  The  armature 
is  composed  of  coils  M,  threaded  upon  an  iron  \\  ire 
core,  wound  helically  round  the  central  shaft,  tlie 
ends  of  the  core  being  secured  in  holes  in  the  shaft. 
'The  coils  are  connected  up  in  series,  tlie  junctions 
being  connected  to  a eommutator.  Soft  iron  pieces 
may  be  placed  between  the  coils,  or  the  iron  wire 
core  with  the  coils  may  be  wound  in  a helical 
groove  in  an  iron  cylinder.  In  a modification,  the 
field  magnets  are  arranged  around  the  axis  of  the 
armature,  which  is  carried  by  a sleeve  capable  of 
sliding  freely  upon  the  shaft,  t'onnected  with  the 
sleeve  is  a ball  governor,  whicli,  as  the  speed  of 
the  armature  increases,  causes  the  armature  to 
approach  the  field  magnets,  the  return  move- 
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ment  l)eiiig  produced  by  a spring,  on  a diminu- 
tion of  the  speed  of  revolution  Tlie  armature  may 
consist  of  iron  wire  rings,  covered  with  coils,  and 
fitting  one  within  the  other;  or  tlie  coils  may  be 
wound  upon  a number  of  rods,  each  bent  spirally 
around  a central  shaft  or  cylinder,  and  having  their 
ends  inserted  in  diametrically  opposite  openings  in 
two  discs.  The  commutator  bars  have  a straight 
part  and  an  obli(pie  part,  upon  which  latter 


the  brushes  bear.  Thus,  when  the  armature  and 
commutator  are  moved  along  the  shaft,  the  brushes 
will  still  bear  on  the  neutral  line.  In  another 
commutator,  the  bars  are  arranged  in  a circle,  and 
the  brushes  by  their  contact  with  the  surface  of  the 
circle  “receive  the  maximum  of  fluid  without  the 
loss  by  sparking  produced  by  tangential  friction 
of  other  constructions.” 

2,311.  — J.  Anderson  and  W.  C.  Johnson, 

London.  Submarine  Cable  Grapnels,  &c. 

6d.  (2  figs.l  May  17. 

Conductors. — The  grappling  rope  contains  one  or 
more  insulated  electrical  conductors,  the  inboard 
ends  of  wdiich  are  connected  to  suitable  batteries, 
telephones,  &c. , and  which  conductors  are  suitably 
arranged  within  or  near  that  portion  of  the  grapnel 
which  comes  in  contact  with  the  cable.  When  the 


cable  is  received  within  the  prongs  of  the  grapnel, 
the  conductors  are  punctured,  cut,  or  otherwise 
acted  upon  mechanically,  or  electrically,  by  con- 
duction, or  otherwise,  so  that  the  presence  of  the 
cables  may  be  indicated  on  board  the  ship,  or  the 
presence  of  the  grapnel  may  be  made  evident  at 


! the  shore  end  of  the  cable  by  means  of  induced 
currents  passed  from  the  vessel  to  the  cable. 
Swivels  are  provided  in  the  grapnel  rope,  as  re- 
quired, to  allow  the  “turn”  to  circulate.  These 
are  made  with  contacts  to  keep  up  electrical  con- 
nections, and  the  internal  parts  are  preferably 
enclosed  in  a suitable  oil,  or  like  substance.  The 
figure  shows  a section  of  the  cable  lying  in  the 
grapnel,  in  close  contact  with  the  insulated  coil. 

I A swivel  placed  in  the  grapnel  rope,  with  rubbing 
contact  for  electrical  connection  of  the  leading 
wires,  is  illustrated. 

*2,318. — J.  A.  Cumine,  London.  Electric 
Motors.  2d.  May  17. 

Motors. — The  fixed  and  revolving  portions  of 
the  motor  are  in  the  same  electric  circuit.  The 
electro-magnets  are  of  the  bar  type,  arranged  in 
conjunction  with  circular  discs,  so  that  two  bars 
form  a horseshoe  magnet.  A simple  form  of  this 
motor  consists  of  three  pairs  of  electro-magnets 
bolted  three  on  each  side  of  an  iron  disc.  The 
disc  is  bolted  to  the  frame  of  the  machine,  and  is 
open  in  the  centre  to  allow  a revolving  shaft  to 
pass  through  it.  On  this  shaft,  which  runs  in 
suitable  bearings,  are  two  discs,  and  each  disc 
carries  a set  of  magnets  equal  in  number  to  those 
on  each  side  of  the  central  disc.  The  ends  of  the 
fixed  and  movable  magnets  are  very  close  together, 
and  the  magnets  are  so  coupled  up,  that  every 
time  a revolving  magnet  passes  a fixed  magnet,  its 
polarity  is  changed,  and  the  current  in  the  fixed 
magnet  is  momentarily  interrupted,  the  necessary 
changes  being  effected  by  a commutator.  The 
magnets  may  be  coupled  eitlier  in  series  or  parallel. 

Dy.n.xmo  - Electric  Generator.  — The  above 
motor  may  be  modified  so  as  to  be  used  as  a dynamo- 
electric  generator,  in  which  case  the  centre  disc  is 
arranged  to  revolve,  the  outer  disc  being  stationary, 
j The  magnets  on  the  end  disc.s  are  so  arranged  that 

i one-half  (say  the  upper)  are  of  one  polarity,  and  the 

I other  half  of  the  opposite  polarity.  The  revolving 
I disc  carries  any  desii  ed  number  of  magnets  ‘ ‘ con- 
j nected  to  a collector  in  the  same  manner  as  are  the 
coils  on  the  bobbin  of  the  machine  known  as  the 
' continuous  cuirent  Gramme.”  The  arrangement 
j of  fixed  magnets  is  applicable  to  any  generator  of 
the  continuous  core  type. 

2,335. — C.  Defries,  London.  Fittings  for 
I Electric  Lamps.  Cd.  (Cfigs.)  May  18. 

' I.NCANDESCENCE  Lamps. — Projections  on  an  in- 
sulated axle  in  the  lamp-holder  are  brouglit,  by  the 
partial  revolution  of  the  axle,  into  or  out  of  contact 
with  flexible  pieces,  whereby  the  electric  circuit  is 
made  or  broken.  As  will  be  seen  from  the  illustra- 
tions, a socket  is  preferably  fixed  upon  the  stem  W 
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of  the  lamp,  and  is  fitted  with  a pin  arranged  to 
enter  a Ijayonet  catch  in  an  outer  socket  T.  The 
inner  socket  lias  upon  its  under  face  a metal  ring  N, 
and  also  a metal  bush  0.  An  insulating  block  B 
is  secured  in  a metal  casing  A,  and  is  provided  with 
springs  to  retain  the  socket  T.  A spring  rod,  or 
contact  piece  F,  passes  through  the  block  B,  and  at 
its  upper  end  is  connected  to  a spiral  spring  M,  or 
to  a metallic  ring  supported  on  spiral  or  other 
springs,  which  ring  serves  to  make  contact  with 
ring  N on  the  lamp  socket.  An  insulating  block  C 
is  secured  to  the  lower  end  of  the  casing  A,  and 
supports  a rod  G,  the  upper  end  of  which  forms 
a spring  contact,  and  the  lower  end  of  which  is 
designed  to  make  direct  contact  with  one  of  the 
main  conductors.  An  insulating  axle  D,  carrying  a 


-V 

_0  

stud  or  pin  E,  passes  through  the  casing  A,  and 
between  tlie  contacts  F and  G.  A conductor  H, 
passing  through  the  blocks  B and  C,  and  split  at 
both  ends,  makes  contact  with  the  bush  O in  tlie 
lamp-holder,  and  witli  a bush  in  connection  with 
the  second  main  conductor.  The  axle  D is  provided 
with  a handle  and  with  stops  for  limiting  its  motion. 
By  turning  the  axle  D,  the  circuit  is  made  through 
the  pin  E.  On  reversing  the  motion  of  D,  the  circuit 
is  broken,  the  spring  L insuring  that  the  pin  is 
completely  out  of  contact  with  the  pieces  F and  G. 
The  holder  is  connected  to  an  ordinary  bracket  by 
means  of  the  screw  collar  Q and  cap  R.  In  a modi- 
fication, two  fixed  contacts  extend  downwards  from 
the  upper  block  B,  and  are  overlapped  by  tlie  flexil)le 
contacts  extending  upwards  from  the  lower  block 
C.  On  turning  the  axle  D,  projecting  studs  thereon 
force  the  flexible  contact  against  the  fixed  contacts. 
Tliis  switch  may  be  applied  to  arc,  or  other  electric 
lamps. 

2,336. — T.  J.  Handford,  London,  ('ll'.  A.  Stern 
and  II.  M.  BylJeshy,  New  YorJe,  U.S.A.) 
Dynamo  or  Magneto-Electric  Machines 
and  Apparatus  for  Lighting  Railway 
Carriages,  &c.  (id.  (8  figs.)  May  18. 


Distributing  Cukrent.s. — This  invention  relates 
to  a system  of  lighting  railway  carriages,  by  the 
comliination  of  secondary  batteries  and  switches 
with  dynamo-electric  generators,  worked  from  the 
axles  of  such  carriages,  provision  being  made  to 
obviate  the  polar  reversal  of  the  dynamo,  and  to 
cause  the  direction  of  the  current  to  be  the  same, 
whatever  may  be  the  direction  of  rotation  of  the 
armature.  The  secondary  batteries  are  situated 
between  the  generator  and  the  lights,  and  a circuit 
changer  is  provided,  to  connect  the  generator  with 
one  set  of  cells,  while  the  lights  are  being  supplied 
from  a second  set,  and  then  the  circuits  are  reversed 
so  that  one  battery  is  being  eliarged  whilst  the 
other  is  running  the  lights.  This  reversal  is  made 
periodically.  An  automatic  circuit  breaker  is 
placed  between  the  generator  and  secondary  bat- 
tery, so  that  the  current  from  the  latter  will  not 
react  on  the  generator.  Fig.  1 is  a diagram  of 
connections,  and  Fig.  2 an  elevation  (partly  in 
section)  of  the  current  director.  A is  the  gene- 
rator, which  the  current  leaves  by  the  communi- 
cator springs  d d,  which  are  bent  where  they  rest 
on  the  commutator,  so  that  the  armature  may 
revolve  in  either  direction.  The  said  armature 
is  driven  by  gearing,  or  a belt,  from  one  of  the 
axles  X of  the  carriages.  In  order  to  avoid  re- 
versal of  polarity  in,  and  current  from,  the  gene- 
rator, the  current  director  represented  in  Fig.  2, 
and  diagramatically  in  Fig.  1 is  interposed  in  the 
circuit.  Upon  the  armature  shaft  c there  is  a 
screw  thread  3,  with  a plain  portion  each  side. 
The  nut  i fits  on  the  shaft  c,  and  is  guided  by  the 
rod  4,  around  which  are  the  two  springs  5 and  6. 
According  to  the  direction  of  rotation  of  the  shaft, 
so  the  nut  i will  advance  towards  the  sjirings  5 or 
6,  thereby  bringing  into  contact  the  circuit-closing 
points  17  and  10  with  20,  12  and  15  with  21,  or 
11  and  14  with  18,  and  13  and  10  with  19  respec- 
tively. The  various  connections  are  clearly  shown 
in  Fig.  1,  from  which  will  be  seen  the  action  of  the 
current  director  just  descrilied.  The  circuit  wires 
25  and  24,  after  passing  tlirougli  the  field  magnet 
helices,  continue  to  the  circuit  changers  31,  32, 
33,  34,  taking  in  their  circuit  tlie  secondary  bat- 
teries p.  The  incandescence  lamps  are  placed  in 
multiple  arc  on  the  main  conductors  n o.  In  the 
wire  25  is  a switch,  m,  and  an  electro-magnet  I is 
used  in  a branch  circuit  x.  When  the  generator 
is  at  rest,  tlie  current  ceases  to  How  through  /,  and 
the  switch  is  released,  thereby  obviating  a reac- 
tionary current  through  the  generator  from  the 
secondary  battery.  In  modifications,  the  current 
director  is  operated  by  friction,  the  contacts  being 
attached  to  the  arms  of  a friction  clamp  on  tlie 
armature  shaft.  Stops,  one  on  each  side,  limit  the 
movement  of  the  clamp,  which  comes  in  contact 
with  one  or  the  other,  according  to  tlie  direction  of 
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rotation  of  the  armature.  Or  the  contacts  may  he 
operated  from  a sector  whose  edge  is  in  contact 
with  the  armature  shaft,  and  which  conseciuently 
rolls  in  one  or  the  other  direction.  The  circuit 
changers,  referred  to  above,  consist  of  four  com- 
mutators, as  shown  in  Fig.  1,  rotated  or  turned 
periodically  a half  revolution  by  suitable  means, 
so  as  to  alternately  bring  into  the  circuit  of  the 
generator,  first  one,  and  then  the  other  of  the  se- 
condary batteries,  whilst  that  one  thrown  out  is 
joined  to  the  main  conductors  feeding  the  lamps. 
Half  of  each  commutator  is  of  metal  and  half  of 


wood.  Each  metal  half  of  one  corresponds  to  the 
w'ooden  half  of  the  next.  The  metal  serves  to 
connect  two  springs  which  bear  upon  it.  The 
negative  poles  of  the  batteries  p are  connected 
each  to  the  negative  lead  from  the  generator,  and 
respectively  to  two  springs  bearing  on  the  alternate 
commutator,  the  other  springs  of  which  are  con- 
nected to  the  lead  n.  The  positive  poles  of  the 
batteries  are  connected  to  the  lead  o,  and  respec- 
tively to  two  springs  bearing  on  the  remaining  two 
commutators,  the  other  springs  of  which  are  con- 
nected to  the  positive  lead  from  the  generator. 

2,340. — C.  W.  Vincent,  London.  (Partly  Lord 
Elphinstone,  Canada.)  Dynamo-Electric  Ma- 
chines. lOd.  19  Figs.  May  18. 

Dynamo-Electric  Generators. — This  relates, 
firstly,  to  a mode  of  facilitating  the  manufacture 
of  armature  coils  constructed  according  to  Letters 
Patent  No.  332  of  1879.  The  cotton-covered  wire 
to  be  formed  into  a coil  is  passed  through  a bath  of 
insulating  material,  such  as  asphalte  dissolved  in 
liquid  hydro-carbon,  and  while  still  wet  is  slowly 
coiled  by  hand  upon  a “ former”  into  a parallelo- 
gramniic  shape,  which  is  maintained  by  being 
bound  at  intervals  with  pieces  of  tape.  When 
the  insulating  material  has  hardened,  the  coil  is 
removed  from  the  “ former,”  and  it  is  then  moulded 
to  fit  the  armature  drum  by  pressure,  it  having 
been  first  rendered  soft  by  the  application  of  an 
electric  current.  The  illustrations  represent  an 


improved  armature  drum,  in  which  the  ends  of  the 
coils  e overlap  each  other,  and  in  which  the  sides 
of  the  coils  are  kept  at  a uniform  distance  from  the 
axis,  and  cover  the  whole  periphery  of  the  drum  E. 
The  ends  of  the  coils,  instead  of  being  pressed  down 
over  the  drum  ends,  ride  over  each  other  upon 
extensions  of  the  drum  as  shown,  and  are  main- 
tained in  position  by  cap  rings  e',  e'.  The  heads 
are  connected  to  the  barrel  of  the  drum  (which  is 
of  diamagnetic  material)  by  screws.  The  outer 
field  magnets  are  carried  by  side  frames,  are 
V-shaped  in  cross  section,  and  are  set  concentri- 
cally around  the  drum.  The  commutator  brushes 


are  carried  by  an  annular  frame  ca2iable  of  rota- 
tion upon  the  fixed  shaft.  The  generator  illustrated 
has  eighteen  armature  coils,  each  composed  of  two 
wires,  and  the  commutator  has  thirty-six  plates  //-, 
placed  in  longitudinal  grooves  in  a cylinder  of 
vulcanite  li' , carried  by  a brass  cylinder  h.  The 
plates  are  V-shaped  in  section,  and  are  provided 
with  a bevelled  recess  at  each  end,  fitting  corre- 
spondingly bev'elled  ends  on  the  brass  cylinder, 
from  which,  however,  they  are  insulated  by  vulca- 
nite cones.  The  armature  wires  are  joined  in 
pairs,  each  pair  being  connected  with  a commu- 
tator plate.  The  number  of  coils  may  be  doubled, 
each  coil  being  composed  of  a single  wire.  The 
arnrature  thus  formed  is  rotated  between  an  internal 
and  an  external  set  of  stationary  field  magnets,  the 
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polarity  of  which  is  alternately  N ami  S.  The 
arrangement  is  clearly  shown  in  the  illustrations. 
“ In  some  cases  the  inventor  proposes  to  have  two 
layers  of  coils  thus  disposed,  and  thereby  obtains 
the  advantage  of  causing  two  currents  running  in 
opposite  directions  to  meet  at  the  same  collecting 
brush.”  In  order  to  facilitate  access  to  the  interior 
of  the  armature,  it  is  proposed  to  form  the  drum  in 
sections,  secured  together  by  bolts,  &c.,  passing 
through  flanges  at  radial  divisions  of  the  end 
plates,  and  to  admit  of  the  separation  of  these 
sections,  the  armature  coils  are  arranged  in  groups 
upon  each  section.  The  invention  further  relates 
to  the  application  of  similar  coils  to  disc  armatures, 
the  coils  being  arranged  radially  and  overlapping 
each  other  obliquely  around  the  axis  of  the  arma- 
ture, in  the  form  of  a ring,  and  being  clamped 
between  a pair  of  wooden  discs.  This  armature  is 
rotated  between  two  sets  of  field  magnets  with 
opposing  poles,  composed  of  bobbins  clamped  be- 
tween fixed  boards  drilled  with  a ring  of  holes  for 
the  cores  of  the  bobbins.  In  the  specification  above 
mentioned,  the  generator  was  described  as  fitted 
with  a commutator  and  six  collecting  brushes.  In 
this  invention  but  one  pair  of  brushes  is  employed, 
and  the  commutator  bars  are  connected  together 
in  groups  of  three,  by  means  of  removable  metal 
coupling  plates  insulated  from  each  other.  By 
this  means,  it  is  designed  to  reduce  the  friction  of 
the  brushes  on  the  commutator,  and  the  sparking 
due  to  extra  currents. 

2,348. — S.  H.  Emmens,  London.  Incandescent 
Electric  Lamps,  (id.  (.33  figs.)  May  18. 

Incandescence  Lamps. — A number  of  filaments, 
arranged  either  in  series  or  in  multiple  arc,  arrd 
cotrrposed  of  carbonised  ivory,  of  filrrrs  of  Indian 
ink,  or  other  carbonaceous  material,  dried  uporr 
the  srrrface  of  rrorr-corrdrrctirrg  rrraterial,  or  a car- 
botraceorrs  material  irr  the  form  of  a perforated  disc, 
or  other  flat  shape,  perforated  by  holes  or  slots. 


are  employed  within  a single  globe.  The  holder's 
for  the  filarrrerrts  are  made  of  platinum,  or  other 
suitable  wire  or  ribbon,  arrd  are  fixed  irr  the  glass 
so  that  their  projecting  external  portions  can  be 
connected  to  the  leads.  The  holders  ternrirrate 
irr  loops,  engaging  with  hooks  in  connectiorr  with 
the  leads,  or  in  wires  or  rods  passing  into  holes  in 


plugs,  arrd  brorrght  into  connectiorr  with  leads  by 
set  screws.  To  effect  the  regulation  of  the  light  in 
a lamp,  the  outside  terrrrinatiorrs  of  the  filanrent 
holders  are  corrrrected  to  set  screws  or  switches, 
whereby  the  current  to  one  or  more  of  the  irreatr- 
descitrg  filaments  may  be  tirrned  off.  As  will  be 
seen  from  the  illustration,  the  lamp  is  supported 
by  a collar,  errrbracing  its  throat,  arrd  either  fitting 
orr  the  plug  or  socket,  or  connected  therewith  by 
two  or  more  legs  workirrg  irr  springs.  Firm  corrtacts 
betweerr  the  terminals  of  the  lamp  and  those  of  the 
holders  are  provided  for  by  trreans  of  the  spiral 
sprirrgs.  The  larrrp  may  be  kept  irr  its  place  by  a 
set  screw,  or  by  orre  or  more  sprirrgs.  The  one 
conductor  is  connected  to  the  filaments  through  a 
central  hole  in  the  plug  or  socket,  electrical  con- 
tact being  made  by  a set  screw.  The  socket  can 
thus  be  turned  freely  orr  the  errd  of  the  corrductor 
to  screw  it  to  brackets. 

2,349. — S.  H.  Emmens,  London.  Electrical 
Apparatus.  6d.  (l'2figs.)  May  18. 

Electro -Magnet.s. — Straight  insulated  copper 
wires  are  laid  side  by  side,  arrd  transversely  over 
them  are  laid  iron  wires.  This  doirble  layer  is  therr 
rolled  up  irr  a direction  parallel  to  the  irotr  wires. 
The  copper  wires  trray  be  spaced  sorrrewhat  apart 
to  allow  the  irrner  ends  to  be  passed  out  sideways 
through  the  substarree  of  the  coil,  or  they  rrray  be 
placed  close  together,  the  inrrer  ends  being  brought 
out  through  the  axis  of  the  coil.  The  whole  of  the 
itrrrer  and  oirter  errds  may  be  corrrrected  together, 
or  the  irrner  arrd  outer  extrerrrities  nray  be  alter- 
rrately  corrrrected  together. 

Dyna.mo-Electric  CxENER.iTOR.s.  — Iir  applying 
these  electro-magnets  to  dyrrarrro-electric  gerrerators, 
they  are  irsed  both  irr  the  armatirres  arrd  for  the 
field  rrragrrets,  birt  in  the  arrnatrrre  the  irorr  wires 
are  trrade  corrtinrroirs,  so  as  to  forrrr  a ring,  orr  which 
the  usual  coils  are  wortttd.  Fig.  1 shows  a gerrerator 
corrstrircted  irr  accordatree  with  this  inverrtiorr ; C C 
are  the  field  magnets  fitted  with  pole-pieces  1)  D, 


which  endrrace  the  periphery  of  the  arnratur-e  E. 
All  N poles  are  orr  orre  side  arrd  S polos  orr  the  other. 
The  field  nragnets  are  mounted  on  the  frames  F F, 
which  are  keyed  to  the  hollow  shaft  (>,  carried  iir 
the  bearings  II  11  orr  the  frame  .1.  The  arnraturc 
E is  similarly  mounted  orr  the  frame  K arrd  shaft  L. 
'fire  magrret  ring  attd  arnrature  may  cither  of  thenr 
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be  revolved,  or  both  in  opposite  directions.  M is  a 
coinnuitator,  to  which  wires  are  led  from  the  arma- 
ture through  the  hollow  shaft  L.  The  field  magnets 
may  be  excited  by  part,  or  all  of  the  main  current, 
passed  by  a brush  contact  with  the  insulated  ring 
N N.  Fig.  ‘2  is  a transverse  section  of  a generator 
for  electrolytic  purposes.  The  relative  arrangement 
of  the  electro-magnetic  field  and  armature,  both 
revolving  in  opposite  directions,  remains  as  before 
described,  the  distinctive  feature  being  in  their 
form,  the  magnet  ring  and  also  the  armature  ring 
consisting  of  plates  of  iron,  wound  longitudinally 
with  insulated  copper  wire.  In  a modification, 
suitable  for  hand  power,  constructed  as  in  Fig.  1, 
the  pile  magnets  and  armature  are  made  of  a larger 
diameter  than  is  usual,  and  the  outer  coils  of  thicker 
copper  wire,  or  of  coiled  insulated  ribbon. 

Motor.  — The  ring  armature  is  placed  in  a plane 
parallel  to  that  of  the  axis  of  the  field  magnets,  and 
is  partially  embraced  by  radial  pole  plates.  The  field 
magnets  can  be  secured  by  a catch,  if  constructed 
so  as  to  be  capable  of  revolving. 

Arc  L.\mp.s. — The  improved  magnets  are  also 
employed  in  regulating  arc  lights.  The  carbon 
electrodes  are  in  a glass  receiver,  either  vacuous  or 
filled  with  a non-oxidising  vapour.  A magnet  is  so 
fixed  that  the  arc  is  “caused  to  assume  greater 
curvature  with  consequent  increase  of  radiating 
surface  and  steadiness,  and  a prevention  of  circular 
motion  around  the  carbon  points.” 

Seconj).4RY  Batterie.s. — These  “are  composed 
of  magnesic  or  carbon  and  magnesic  electrodes,  and 
electrolytes  of  sulphate  of  manganese.”  They  are 
charged  in  quantity  and  discharged  for  intensity. 

2,364. — R.  Werdermann,  London.  Dynamo- 
Electric  Machines,  fid.  (2  figs.)  May  19. 

Dynamo-Electric  Generator. — The  armature, 
consisting  of  a magnetic  core,  carrying  a series  of 
coils,  rotates  in  the  field  of  a series  of  electro- 
magnets, whose  poles,  or  polar  extensions,  are 
fixed  on  a circular  core  hai  ing  the  coils  between  the 
poles,  and  are  alternately  N and  S.  The  coils 
of  the  armature  are  coupled  in  series,  and  each 
junction  is  connected  to  a metallic  conductor ; 
these  conductors  are  all  insulated  from  each  other, 
and  arranged  in  an  insulating  disc  at  the  end  of 
the  armature.  Fixed  brushes  bear  on  the  con- 
ductors, the  insulating  disc  being  adjustable. 
Referring  to  the  illustrations,  a a are  eight  polar 
extensions,  arranged  upon  a circular  core  com- 
posed of  rings  or  hoops,  so  wound  that  the  poles 
are  alternately  N and  S.  The  armature  has  the 
general  shape  of  a ring  or  cylinder,  and  the  coils 
are  wound  in  a direction  parallel  to  its  axis.  The 
bars  that  form  the  cores  of  the  bobbins  are  com- 
posed of  an  alloy  of  iron  92  parts,  and  nickel 
8 parts,  or  of  iron  92  parts,  nickel  7.10  parts,  and 


1 cobalt  0.90  parts.  The  central  portion  of  the 
armature  has  a hub,  upon  which  are  fixed  wooden 
discs  h-  and  segments  h,  retained  between  metal 
j cheeks.  Tlie  bobbins  are  wound  with  insulated 
I wire,  the  ends  of  adjoining  coils  being  soldered 

I together  and  connected  to  a strip  of  the  commu- 

tator. This  is  of  disc  form,  and  is  rubbed  by  as 
j many  brushes  as  tliere  are  poles,  in  this  case  eight. 


The  brushes  are  all  mounted  on  a ring,  that  can  be 
rotated  by  a worm,  to  adjust  the  brushes  to  the 
position  where  the  sparking  is  least.  Each  brush 
is  connected  to  a terminal  on  a keyboard,  and  the 
circuits  can  be  coupled  up  parallel,  or  in  series. 
The  bobbins  of  the  armature  may  be  wound  alter- 
nately in  reverse  directions,  in  which  case  there 
will  be  a commutator  disc  at  each  end  of  the  arma- 
ture, the  armature  comprising  two  closed  circuits. 

2,370. — J.  Brockie,  London.  Electric  Arc 
Lamps.  8d.  (15  figs.)  May  19. 

Arc  Lamps. — The  lower  carbon-holder  is  regu- 
lated directly  by  a differential  solenoid,  which  aho 
controls  the  feed  of  the  upper  carbon,  by  working 
an  anchor  or  detent,  thus  permitting  an  escape- 
ment wheel  to  move  a well-defined  distance  at  each 
oscillation  of  the  anchor  or  detent.  The  top  holder 
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is  racked,  and  gears  directly,  or  by  an  intermediate 
train,  with  a pinion  on  the  axis  of  the  escapement 
wheel.  Each  pair  of  carbons,  in  an  arc  lamp 
having  two  pairs  of  carbons,  is  provided  with  a 
magnet  or  solenoid  to  strike  the  arc.  The  magnets 
or  solenoids  are  in  parallel  branches  of  the  same 
circuit.  A locking  lever  prevents  the  second  pair 
of  carbons  coming  together  until  the  first  pair  is 
consumed.  The  figure  represents  a lamp  with  two 
sets  of  carbons,  the  lower  carbons  C"  of  eacli  set 
being  fixed.  The  upjrer  carbons  C'  are  attached  to 
racks,  wliich  gear  into  the  first  wheels  of  trains 
under  the  control  of  tlie  two  arc-striking  solenoids 

A,  placed  in  parallel  branches  of  the  main  circuit. 
The  last  wheels  W of  the  trains  are  under  the 
control  of  the  brakes  D,  operated  by  the  shunt  coil 

B.  In  starting  the  lamp,  one  pair  of  carbons  alone 
is  allowed  to  come  together,  the  other  pair  being 


held  apart  by  means  of  the  lever  L,  which  engages 
the  teeth  of  the  brake  wheel  W“.  When  this  pair 
is  consumed,  the  stop  S,  carried  by  the  holder,  trips 
the  lever  L,  allowing  the  second  pair  of  carbons  ^ 
to  come  together.  In  a modification,  a differential 
solenoid,  or  magnet,  works  directly  both  the  lower 
carbons.  The  feed  of  the  upper  carbons  is  con- 
trolled by  a shunt  or  differential  solenoid,  the 
carbon-holder  of  the  second  pair  being  held  as 
in  the  lamp  illustrated,  or  tlie  regulating  coil 
may  be  arranged  to  lift  the  brakes  off  the  feeding 
trains  in  succession.  A rod,  attached  to  the  frame 
carrying  the  lower  carbon-holders,  is  arranged  to 
lift  off  the  brakes  wlien  no  current  exists  in  tlie 
circuit,  and  it  may  alter  the  tension  of  the  regu- 
lating spring,  aecording  to  the  pull  of  the  arc- 
striking  solenoid.  In  arc  lamps  in  which  wheel- 


work  is  used  to  retard  the  feed  of  the  carbons, 

I the  carbons  are  separated  by  lifting  the  first  wheel 
I of  the  train,  together  with  the  upper  or  movable 
I carbon-holder.  The  first  wheel  is  mounted  on  a 
horizontal  radius  bar,  rocking  on  a pivot  in  line 
with  the  pivot  of  the  second  wheel.  In  a modifica- 
tion, the  whole  train  of  wheels  is  rocked  on  a pivot 
on  the  same  horizontal  line  with  the  axis  of  the  first 
wheel,  or  on  a eonvenient  centre,  the  first  wheel 
of  the  train  gearing  into  the  teeth  of  the  carbon- 
holder  and  lifting  it  when  oscillated.  The  train 
and  framework  may  form  a counterbalance  for 
the  carbon-holder.  In  other  forms  of  lamps,  the 
descending  carbon-holders  pull  up  a piston,  or 
counterpoise,  in  a cylinder,  which  may  or  may  not 
contain  a lirpiid.  The  regulation  of  the  lamp  is 
controlled  by  a differential  solenoid,  operating  a 
double  spring  pawl  upon  the  peripheries  of  the 
wheels,  over  which  the  suspending  chain  or  cord 
passes ; or  the  holders  may  be  operated  by  a 
' lifting  lever,  or  eccentric  friction  pawd,  pressing  the 

j carbons  against  a friction  roller.  The  face  of  the 

i lever  or  pawl  is  covered  with  an  elastic  substance, 
or  the  pivot  upon  which  it  oscillates  is  flexible. 
In  arc  lamps,  in  which  wheelwork  is  employed,  a 
central  brass  tube,  fixed  into  the  bottom  plate  of  the 
lamp,  encloses  the  rack  or  carbon-holder.  The  teeth 
of  the  first  wheel  of  the  train  pass  through  a small 
slot  in  the  tube.  This  tube  forms  the  mainstay  of 
the  lamp,  the  usual  pillars  or  frames  being  dis- 
pensed with,  and  pi'otects  the  wheelwork.  In 
order  to  automatically  adjust  the  regulating  me- 
chanism to  compensate  for  the  gradually  reduced 
resistance  of  the  carbons,  the  tension  spring, 
balance  weight,  or  leverage  of  the  regulating  coil 
is  altered.  'J'he  adjustment  is  efi’ected  by  means 
of  a long  inclined  plane  on  the  side  of  the  carbon- 
holder,  which  plane,  as  it  descends,  presses  back  a 
lever  that  alters  the  tension  of  the  spring,  the 
leverage  of  the  regulating  coil,  the  position  of  a 
coi’e  in  the  regulating  solenoid,  or,  by  means  of  a 
cord,  the  position  of  the  balance  weight  ; or  a worm 
or  screw  on  the  axis  of  one  of  the  wheels,  and  a 
I travelling  nut  may  be  employed  to  effect  the 
\ adjustment. 

2,375. — C.  H.  Gimingham,  Newcastle- on-Tyne. 

Air  Pumps,  fid.  (1  fig.)  May  1!). 

Vacuum  Pump. — The  exhaust  tube,  or  passage 
from  the  vessel  to  be  exhausted,  is  sealed  in  the 
bottom  of  an  outer  vessel  open  at  the  top,  and  is 
carried  up  some  considerable  distanee  within  the 
outer  vessel.  Sliding  in  the  outer  vessel  is  a hollow 
plunger,  furnished  with  leather  washers  or  rings  at 
its  lower  end  to  fit  as  a piston  in  the  outer  vmsscl. 
The  upper  end  of  the  hollow  j)lunger  is  formed  with 
a valve  seating,  upon  w'hich  rests  a valve,  connectod 
by  a flexible  eonnection  with  a valve  resting  on  a 
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seating  on  the  upper  end  of  the  inner  tube.  A j 
spring  tends  to  pull  this  latter  valve  to  its  seat. 

The  outer  vessel  contains  mercury,  which,  when 
the  hollow  plunger  is  in  its  lowest  position,  rises 
partly  into  the  plunger,  but  not  level  with  the  \ alve 
seating  on  the  central  tube.  The  hollow  plunger 
is  reciprocated  by  convenient  means.  The  air  is 
drawn  past  the  valve  into  the  hollow  plunger,  and 
thence  forced  past  the  valve  in  the  plunger. 

*2,390. — G.  Binswanger,  London.  Apparatus 
for  Lighting  Lamps  in  Railway  Carriages. 

2d.  May  20. 

Electric  Light. — The  gas  lamps  of  trains  are 
ignited  by  means  of  electric  sparks,  obtained  by 
the  aid  of  an  induction  coil  and  voltaic  battery.  Or 
the  gas,  or  other  lamps,  may  be  lighted  by  the 
incandescence  of  a spiral  of  platinum  wire,  through 
which  the  current  is  passed.  An  arrangement  is 
provided  to  complete  or  break  the  circuit,  as  re- 
quired. 

2,391. — J.  Pitkin, London.  Secondary  Batteries, 
&.C.  6d.  (5  figs.)  May  20. 

Secondary  Batteries. — The  holder,  or  frame, 
containing  the  turnings,  or  other  shreds  of  lead 
forming  the  electrode,  is  constructed  either  with 
louvre  strips  B,  as  shown  in  the  figure,  or  of  thin 
plates  of  wood,  or  ebonite,  with  downwardly  and 


inwardly  inclined  apertures,  so  that  the  electrolytic 
liquid  has  free  access  to  the  element,  and  at  the 
same  time  the  lead  peroxide,  or  spongy  lead,  result- 
ing from  the  action  of  the  cell,  is  retained  in  its 
place.  The  strips  B may  have  their  ends  inserted 
in  inclined  slits  in  the  side  bars  of  the  frame.  The 
plates  of  wood  are  fixed  to  opposite  sides  of  a 
frame. 

*2,409. — H.  H.  Lake,  London.  (//.  Lory,  Paris.) 
Electric  Accumulators  or  Secondary  Bat- 
teries. 2d.  May  22. 

Secondary  Batteries. — The  space  separating 
the  opposed  plates,  in  a Plante  battery,  is  divided 
into  two  equal  parts  by  a porous  partition,  and  the 
two  compartments  thus  formed  are  filled  with 
lead  turnings,  shavings,  filings,  or  with  granulated 
lead,  the  object  being  to  extend  the  operating  sur- 
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faces.  The  vessel  is  then  filled  with  acidulated 
water.  Each  electrode  is  composed  of  one  solid 
plate,  with  the  compressed  lead  turnings  or  shav- 
ings on  either  side.  Bands  of  india-rubber  insure 
contact  of  these  three  parts,  and  hold  the  porous 
partitions  of  parchment-paper,  felt,  or  the  like,  in 
place  ; projections  on  the  sides,  bottoms,  and  tops 
of  the  partitions  bear  against  the  electrodes.  The 
solid  plates  of  the  electrodes  are  fixed  to  a wooden 
plate,  and  are  alternately  in  contact  with  two  lead 
plates  fixed  to  the  cover. 

2,414.— J.  A.  Fleming,  London.  Insulating 
Materials.  4d.  May  22. 

Insulating  Materials. — 1.  Solid  wood  (pre- 
ferably English  poplar)  is  thoroughly  desiccated, 
either  in  a vacuum,  or  by  superheated  steam,  or 
otherwise,  and  afterwards  impregnated  under  pres- 
sure with  a mixture  of  melted  bitumen,  or  asphalte, 
and  one  or  more  substances  of  the  paraffine,  anthra- 
cene, or  resin  type,  either  separately  or  in  conjunc- 
tion. Among  suitable  substances  of  the  paraffine 
type  are  paraffine  proper,  hatchettine  or  minei'al 
tallow,  and  stearite.  Among  those  of  the  anthra- 
cene type  are  anthracene,  naphthaline,  pyrene,  and 
chrysene.  The  resins  which  may  be  used  are 
resins  either  fossil  or  recent.  The  material  thus 
formed  is  shaped  in  any  ordinary  manner  into 
the  required  form.  2.  In  lieu  of  employing  solid 
wood,  wood  in  a finely  divided  condition,  or  other 
vegetable  fibrous  material  such  as  wood-flour, 
bran,  straw,  cotton,  jute,  hemp,  papier-maclui,  in  a 
finely-divided  condition,  or  asbestos,  is  treated  in  a 
similar  manner  and  moulded  into  the  desired  shape 
under  pressui’e.  The  following  proportions  of  the 
various  impregnating  materials  give  good  results. 
Bitumen  or  asphalte  about  two  parts  by  weight,  and 
substances  of  the  paraffine,  anthracene,  or  resin  type 
from  one  to  two  parts.  When  paraffine  wax  and 
resin  are  used,  paraffine  wax  about  three  parts  by 
weight,  resin  about  one  part.  The  patentee  refers 
to  his  former  Patents  Nos.  1,762  and  5,309  of  1881. 

2,419.— W.  H.  Akester,  Glasgow.  Electric  Arc 
Lamps.  6d.  (7  figs.)  May  23. 

Arc  Lamps. — The  holder  of  the  upj)er  carbon  is 
fixed  to  a spindle,  formed  with  a screw  thread  work- 
ing in  an  internally  screwed  block,  fitted  to  turn 
freely  in  a guide.  The  screwed  block  when  raised 
by  the  action  of  a solenoid  is  prevented  from 
turning.  Referring  to  the  illustrations,  the  upper 
carbon  13  is  attached  by  a clamp  to  a holder  16, 
cut  with  one  or  more  (piickly  speeded  threads, 
the  holder  being  hindered  from  turning  by 
guide  rods  15.  Surrounding  the  holder  is  an 
elongated  nut  17,  the  head  21  of  which  is  provided 
with  small  teeth,  engaged  by  the  knife  edges  22, 
carried  by  the  lever  23.  The  nut  17  is  fitted  to 
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move  vertically  ami  to  turn  in  a tubular  guide,  the 
downward  movement  being  limited  by  a collar  1!), 
and  the  upward  movement  by  an  adjustable  ring. 
The  lever  23  is  actuated  by  the  solenoid  26  and  core 
25,  which,  in  the  lamp  illustrated,  is  placed  in  the 
main  circuit.  In  operation,  upon  the  starting  of  the 
eurrent,  the  upper  carbon  is  lifted,  and  the  arc  formed 
by  the  attraction  upon  the  solenoid  core,  the  engage- 
ment of  the  knife  edges  with  the  top  of  the  nut  pre- 
venting tlie  nut  from  turning  under  the  weight  of 
the  carbon-holder.  As  the  carbon  consumes,  the 
solenoid  releases  its  core,  and  the  upper  carbon- 
holder  and  nut  descend  together,  until  a point  is 
reached  when  the  descent  of  the  nut  is  arrested  by 
the  eollar  19,  and  the  knife  edges  are  taken  by  the 
descending  core  out  of  contact  with  the  fine  teeth 


on  the  upper  part  of  the  nut.  The  nut  then  is  free 
to  turn,  and  the  carbon-holder  descends  by  its  own 
weight  until  the  arc  becomes  normal,  when  its 
motion  is  hindered  by  an  upward  movement  of  the 
solenoid  core,  which  once  more  causes  the  knife 
edges  to  engage  the  small  teeth  on  the  nut.  In  a 
modification,  the  solenoid  is  placed  centrally  above 
the  carbons,  and  a pair  of  levers  is  arranged  on 
diametrically  opposite  sides  of,  and  with  their 
free  ends  engaging  with  the  head  of,  the  nut  17. 
The  levers  are  acted  on  by  arms  fixed  to  tlie  bottom 
of  the  core  25.  In  another  modification,  the  lower 
end  of  the  core  engages  directly  with  the  head  of 
tlie  nut  17,  the  core  being  prevented  from  turning. 
The  knife  edges  and  teeth  may  be  replaced  by  mere 


frictional  contact,  the  nut  17  being  made  with  a 
collar  having  notches  upon  it,  which,  when  the  nut 
is  raised,  engage  with  fixed  knife  edges,  the  outer 
guide  for  the  screw  tube  being  dispensed  with. 
The  solenoid  may  be  arranged  for  working  in  a 
shunt  circuit,  or  it  may  be  wound  with  two  coils, 
one  in  the  main  and  the  other  in  a shunt  circuit. 

*2,421. — J.  Hickisson,  London.  Apparatus  for 
Exhibiting  Advertisements.  2d.  May  23. 

Electric  Light. — An  electric  lamp,  over  which 
is  a powerful  reflector,  is  employed  to  light  up  the 
surfaces  of  tablets  or  plates  for  advertising  purposes. 
The  current  is  supplied  to  the  carbon  pencils  or 
bridges  of  the  lamp  from  primary  or  secondary 
batteries,  charged  from  a dynamo-electric  gene- 
rator, the  lamp  being  provided  with  the  usual 
connections. 

2,425. — J.  J.  Barrier  and  F.  T.  de  Lavernede, 
Paris.  Incandescent  Electric  Lamps,  &c. 
6d.  (6  figs.)  May  23. 

Incandescexce  Lamps. — The  lamps,  which  are 
either  horizontal  or  vertical,  are  fitted  with  a 
plurality  of  filaments,  one  or  more  of  which  may  be 
used  at  a time.  As  will  be  seen,  the  filaments  x a;’, 
&e.,  are  attached  to  platinum  conductors  //',  &c., 
which  are  supported  by  the  perforated  glass  plates 
k,  and  by  the  glass  tubes  t,  in  which  they  are 
sealed  with  mastic  or  other  cement.  These  tubes 
are  carried  by  plugs,  which  are  maintained  at  an 
invariable  distance  apart  by  a glass  rod  The 
plugs  screw  into  rings  d,  cemented  into  the  ends 
of  the  glass  envelope  a.  The  plugs  are  further 


secured  by  cementing  up  the  ends  of  the  necks. 
In  a vertical  lamp,  tlie  single  neck  receives  a screw- 
threaded  ring,  in  wdiich  a plug  is  screwed,  and 
carries  glass  tubes  for  the  platinum  threads  support- 
ing the  arched  filaments.  When  mounted,  a portion 
of  the  carbon  filament  is  coateil  with  a composition 
consisting  of  equal  parts  of  amorphous  phosphorus 
and  pure  sulphur,  united  by  a small  quantity  of 
gum.  Upon  the  carbons  becoming  incandescent, 
the  coating  burns,  furnishing  phosphoric  acid  and 
sulphurous  acid,  thereby  absorbing  the  oxygen  of 
enclosed  air,  and  producing  a compressed  atmo- 
sphere in  which  the  carbons  do  not  waste. 

2,432. — G.  G.  Andre,  Dorking.  Incandescent 
Electric  Lamps,  fid.  (3  tigs.)  May  23. 

Incandescence  Lames. — Filaments  for  incaiulcs- 


Abstracts  of  Patents. — L882. 


cccxv 


cencc  lamps  are  prepared  by  a process  resembling 
that  described  in  Letters  Patent  No.  4,0.’)4  of  1881. 
Fibres  of  an  absorbent  nature  are  steeped  in  linseed 
or  other  drying  oil,  whieh  is  afterwards  oxidised  at 
a temperature  of  about  140  deg.  Fahr. , the  process 
l)eing  repeated  until  sufficient  oil  has  been  taken 
up.  As  an  alternative,  the  oil  may  be  oxidised  in 
thin  layers  upon  sheets  of  glass,  and  then  dissolved 
in  naphtlia.  The  fibres  are  then  dipped  into  the 
solution  and  the  solvent  allowed  to  evaporate. 
The  filament  is  made  of  an  inverted  V shape,  the 
curve  at  the  angle  being  of  very  short  radius  and 
made  more  conductive  by  coating  it  with  carbon 
or  copper.  The  filaments  are  preferably  carbonised 
under  mercury,  in  the  apparatus  shown  in  Fig.  1, 
in  which  a is  the  muffle  containing  the  fibres, 
surrounded  by  a quantity  of  mercury,  which  is 
gradually  raised  to  boiling  point,  the  mercuric 
vapour  given  off  being  condensed  in  the  vessel  c 


containing  water.  The  carbonised  material  is  then 
removed  from  the  bath,  and  subjected  to  a white 
heat  for  about  twenty  minutes  in  a suitable  fur- 
nace. The  surface  of  the  filament  is  improved  by 
the  deposition  of  graphitoidal  carbon  upon  it  from 
a hydro-carbon  vapour,  and  it  is  further  made 
dense  by  being  heated  by  an  electric  current  to  a 
bright  red  heat,  and  then  suddenly  immersed  in 
mercury  or  a mineral  oil.  This  may  be  done  in 
the  lamp  bulbs  while  making  tlie  Torricellian 
vacuum.  The  filament,  during  the  process  of  de- 
positing carbon  upon  it,  or  when  in  use,  is  gradually 
raised  to  incandescence  by  means  of  a switch  con- 
taining a connected  set  of  resistances,  with  each 
of  which  contact  is  made  in  succession.  Fig.  2 
represents  a lamp-holder,  consisting  of  a short 
cylindrical  piece  d,  of  insulating  material,  provided 
with  two  holes  which  receive  the  lamp  wires  h, 
and  with  side  springs  c,  in  communication  with 
the  terminals.  Upon  these  spruigs  the  wires  are 
pressed,  and  held  by  an  insulating  ring  d',  slipped 
over  them.  In  the  provisional  specification,  the 


patentee  states  that  hollow  copper  wires,  flattened 
at  the  parts  where  they  pass  through  the  glass,  are 
substituted  for  the  ordinary  platinum  conductors  ; 
also  that  an  easily  fusible  wire,  contained  within  a 
metallic  tube,  and  having  a terminal  screw  at  each 
end,  is  placed  in  the  circuit  connection. 

2,452.— J.  Wetter,  London  {L.  Nothomh,  Brmselt.) 

Incandescent  Electric  Lamps.  6d.  (1  fig.) 

May  24. 

Ixc.\XDESOENCE  Lamp.s. — -The  filaments  may  be 
made,  either  by  compressing  strips  of  Spanish  cane 
between  heated  steel  moulds,  and  completing  the 
carbonisation  by  the  electric  current,  or  by  treat- 
ing animal  parchment  in  the  same  way.  The 
ends  of  the  filament  are  inserted  in  short  coils 
C C’  on  the  conductors  D D’,  and  are  fixed  there 
by  cement,  after  which  they  are  heated  in  an 


j atmosphere  of  hydro- carbon,  which  may  be  ob- 
I tained  by  coating  the  filament  with  a solution  of 

I purified  india-rubber  in  ether.  The  lamp  may 

j contain  two  or  more  independent  filaments.  Two 
j formuhe  for  the  cement  are  given:  they  are  (1) 
graphite,  50  parts;  calcined  borax,  17  parts; 

! linseed  oil  varnish,  13  parts ; refractory  clay,  20 
parts  ; and  (2)  spongy  platinum,  5 parts ; sugar 
SO  parts  ; and  graphite  15  parts. 

*2,456. — J.  Swalwell,  London.  Apparatus  for 
Driving  Dynamo-Electric  Machines.  2d. 
May  24. 

(Ienerators.  — A standard  on  the  generator 
frame  forms  a bearing  for  the  shaft  of  the  arma- 
ture, on  the  end  of  wdiich  is  keyed  a friction 
pulley.  The  standard  supports  also  a number  of 
arbors,  arranged  concentrically  around  the  friction 
pulleys,  and  each  arbor  carries  a loose  friction 
pulley,  the  periphery  of  which  is  provided  with  a 
suitalde  elastic  medium.  The  loose  friction  pulleys 
are  driven  by  the  hoop,  or  flange,  of  a wheel  keyed 
on  the  motor  shaft,  and  drive  the  armature  shaft. 

I The  loose  friction  pulleys  may  be  carried  by  a 
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wheel  on  tlie  motor  shaft,  and  the  flange,  or  hoop, 
by  the  fixed  frame.  Toothed  wheels  and  pinions 
may  be  substituted  for  the  friction  wheels.  The 
arbors  of  the  loose  friction  pulleys  may  be  pro- 
vided with  two  friction  wheels  of  different  dia- 
meter, one  being  driven  by  the  flange,  and  the 
other  driving  the  armature  shaft.  By  making 
these  arbors  drivers,  a series  of  dynamo-electric 
generators,  out  of  the  axial  line  of  the  motor,  may 
also  be  driven. 

2,480. — F.  Field,  Beckenham, Kent.  Compound 
for  Electrical  Insulation.  2d.  May  25. 

Insulating  Material. — “ Black  wax”  (the 
residue  of  the  distillation  of  ozokerite),  or  a com- 
pound of  this  material  with  india-rubber,  produced 
as  described  in  Patent  No.  3,778  of  1809,  or  No. 
1,938  of  1875,  is  mixed  with  woody  fibre,  or  cellu- 
lose, in  a state  of  fine  division.  The  compound  is 
then  subjected  to  pressure,  and  formed  into  blocks. 
Sulphur  may  be  added  to  the  mixture,  and  the 
compound  vulcanised.  Charcoal,  or  carbonised 
cellulose,  may  be  employed  with,  or  substituted 
for,  the  woody  fibre. 

*2,491. — C.  W.  Vincent,  London.  (IP.  B.  F. 
Elphin^tone,  Canada.)  Secondary  Batteries. 
2d.  May  25. 

Secondary  Batteries.— Metallic  plates,  or  cylin- 
ders, are  formed  from  finely  deposited  metals  con- 
taining a large  percentage  of  hydrogen,  such 
plates  being  caused  to  retain  their  form  by  being 
subjected  to  a suitable  pressure,  thus  obviating  the 
use  of  supports.  Lead,  deposited  from  its  solution 
by  electrolysis,  or  chemically,  is  preferably  em- 
ployed. In  a modification,  the  metal  is  dejiosited 
on,  or  otherwise  applied  to,  cai-bon  plates,  pressiu'e 
being  then  applied.  Pyrophoric  lead,  which  after 
compression  is  converted  into  hydride  of  lead,  may 
be  employed. 

2,501. — B.  Rhodes  and  G.  Binswanger,  London. 
Materials  for  Electrical  Insulation.  4d. 
May  2(). 

Insulating  Material  —An  insulating  compound, 
suitable  for  the  formation  or  lining  of  vessels,  is 
composed  of  the  following  materials : Asbestos, 
40  parts  ; shellac,  5 parts  ; resin,  3 parts ; sul- 
phur, 15  parts,  all  finely  powdered  and  free  from 
grit;  india-rubber,  35  parts;  and  gutta-percha, 

2 parts.  The  whole  is  thoroughly  incorporated 
together  by  being  passed  continuously  between 
heated  i-ollers.  The  resultant  mass  is  rolled  out 
into  sheets,  which  can  be  moulded  or  pressed  into 
any  desired  form,  and  also  be  vulcanised,  if  re- 
quired. 


*2,512. — E.  W.  Beckingsale,  London.  Incan- 
descent Electric  Lamps.  2d.  May  26. 

Incandescence  L.amp.s. — Two  or  more  globes,  or 
other  transparent  v'essels,  are  employed,  one  within 
the  other,  enclosing  the  incandescent  conductor, 
the  globes  being  made  perfectly  air-tight  and  ex- 
hausted. The  object  is  to  prei'ent  radiation  of 
heat,  and  so  increase  the  light  from  the  lamp. 

*2,516. — G.  S.  Page,  Stanley,  Jersey,  U.S.A. 
Materials  for  Electric  Insulation,  &c.  2d. 
May  26. 

Insul.ating  M.aterials.  — Finely  divided  dry 
organic  material  and  a mineral  substance  are 
mixed  with  an  organic  substance  or  substances. 
The  mineral  substances  include  metallic  oxides, 
silicates,  phosphates,  aluminates,  borates,  car- 
bonates, sulphates,  sulphides,  tungstates,  &c.,  or 
carbon  in  various  forms.  The  organic  substances 
may  be  obtained  from,  and  by  the  preparation  of, 
coal  tar,  coal  tar  oil  or  pitch,  mineral  or  shale  oil, 
naphthaline,  anthracene,  pyrine,  chrycine,  bitumen, 
asphalte,  resin,  gum,  mineral  wax,  gutta-percha, 
caoutchouc,  cellulose,  &c.,  or  any  so-called  waste 
organic  substances. 

*2,518. — G.  S.  Page,  Stanley,  Jersey,  U.S.A. 
Compounds  for  Electrical  Insulation,  &c. 
2d.  May  26. 

Insul.ating  M.aterials. — These  are  essentially 
similar  to  those  described  in  Specification  No.  2,516 
of  1882.  The  organic  substance  is  employed  in  a 
liquid  or  semi-liipiid  state,  and  the  material  is 
preferably  subjected  to  hydraulic  pressure  where 
hardness  and  elasticity  are  reejuired. 

2,519. — W.  H.  Akester,  Glasgow.  Air  Ex- 
haustion Apparatus  to  be  Used  in  Pre- 
paring Incandescent  Electric  Lamps.  6d. 
(4  figs.)  May  27. 

Inc.andescence  liAMRs. — The  illustration  repre- 
sents a vacuum  pump,  connected  to  a single  ex- 
hauster, though  provision  is  made,  by  an  extension 
of  the  delivery  and  discharge  pipes  13  and  14, 
for  the  attacliment  of  several  exhausters.  The 
lamp  bulb  to  be  exhausted  is  attached  to  the  upper 
part  of  tlic  glass  tube  5,  the  mercury  being  at 
the  level  of  the  dotted  lines  in  the  A’cssel  16  ; the 
three-way  cock  10  is  turned  to  admit  mercury  into 
the  pipe  8,  from  which  it  drives  the  air  through  tlic 
valve  9 ; and  the  cock  is  then  turned  to  discharge 
the  mercury  through  tube  14  into  the  pump  well  22, 
whence  it  is  raised  througli  the  tube  33  into  the  de- 
livery vessel,  any  overflow  from  the  latter  taking 
place  through  the  pipe  18.  'I'he  connection  between 
the  delivery  pipe  33  and  the  pump  is  through  the 
hollow  plunger  28,  the  foot  of  whieh  supports  the 
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delivery  valve.  During  the  discharge  of  the  mercury, 
fresh  air  is  drawn  into  the  tube  8,  and  is  expelled 
past  the  valve  !)  on  the  mercury  being  again  ad- 
mitted. Tliese  operations  are  continued  until  the 
globe  is  sufliciently  exhausted.  The  syphon  bend  21 
is  designed  to  prevent  the  whole  of  the  mercury 
being  drawn  from  the  discharge  tube  during  ex- 
haustion. The  tube  5 extends  at  least  32  inches 
above  the  level  of  the  mercury  in  the  vessel  IG. 
An  air  pipe  24  prevents  syphon  action  in  the 
event  of  air  having  access  to  the  main  14,  a by- 
pass pipe  and  stop-cock  being  provided  to  allow 
the  mercury  to  be  run  off  when  desired.  The 
mercury  is  admitted  to  the  vessel  16  from  the 
delivery  vessel,  through  a stop-cock  controlled  by 
a lloat  in  the  vessel  IG,  the  level  of  mercury  in 


which  is  preferably  a little  above  the  seat  of  the 
valve  9.  A modified  pump  for  raising  the  mercury 
is  described,  in  which  the  use  of  the  stuffing-box 
27  is  dispensed  with.  The  plunger,  which  is  hollow, 
is  provided  with  a foot  valve  dipping  into  the  pump 
well,  and  it  works  around  a central  stationary  stem 
in  a barrel  connecting  the  well  to  the  delivery 
vessel,  which,  in  this  modification,  surrounds  the 
upper  part  of  the  pump.  The  mercury,  which  has 
entered,  during  the  descent  of  the  plunger,  between 
the  foot  valve  and  the  central  stem,  is  forced,  during 
its  ascent,  through  grooves  cut  in  the  stem,  into  the 
delivery  vessel,  from  which  the  overflow  is  con- 
ducted to  the  pump  well  through  the  annular  space 
between  the  plunger  and  the  barrel.  The  mercury 
may  be  raised  by  an  inclined  hollow  Archimedean 
screw,  or  an  endless  chain  of  buckets. 

2,526. — W.  R.  Lake,  London.  (J.  J.  Wootl,  Brook- 
lyn, U.S.A.)  Dynamo  or  Magneto-Electric 
Machines.  Gd.  (4  figs.)  May  27. 

Current  Regulators. — This  invention  relates 
to  a device  for  shifting  the  brushes  of  a dynamo- 


electric  generator  to  a more  or  less  favourable 
position  around  the  commutator.  The  brushes 
h h are  carried  on  a frame  i liaving  a toothed 
segment,  as  shown,  into  which  gears  a pinion  w 
worked  by  a handwheel  >i.  The  rim  of  the  hand- 
wheel  is  graduated  or  marked  (by  experiment),  as 
shown  in  Fig.  3,  and  is  set  in  the  position  corre- 
sponding to  the  number  of  lights  required.  Fig.  4 
represents,  to  an  enlarged  scale,  the  catch  bolt  u for 
holding  the  lian  Iwheel  at  the  desired  adjustment. 


The  movable  bolt  part  has  the  form  of  a grooved 
sleeve  and  slides  over  a hollow  stud  m',  screwed 
into  the  side  frame  of  the  machine.  A spring 
enclosed  within  the  hollow  of  the  sleeve,  sliding  on  a 
stud,  tends  to  press  it  into  engagement  with  the 
notches  o in  the  rim  of  the  wheel.  By  pressing  the 
sleeve  back,  its  point  may  be  disengaged  from  one 
notch,  the  wheel  turned  round  to  the  desired  posi- 
tion, and  then  fixed  by  allowing  the  sleeve  to 
spring  back  into  the  notch  opposite  to  it. 

2,531. — W.  R.  Lake,  London.  (J.J.  Wood,  Brook- 
lyn, U.S.A.)  Armatures  for  Electric 
Machines.  Gd.  (5  figs.)  May  27. 

Dynamo-Electric  Generators.  — The  object 
of  this  invention  is  to  secure  a Gramme  armature 
firmly  to  its  hub.  d is  the  wdre  core  wound  with 
coils  e,  connected  to  the  commutator  f \ h is  a 
W'ooden  hub  provided  with  thin  projections  or 
plates  (J  <j,  lying  in  radial  slots  in  the  hub,  and 
projecting  between  the  coils  on  the  core.  These 
plates  are  of  noii-magnetic  material,  made  in 
halves,  and  afterwards  soldered  together,  and  act 
as  driver  or  carrier  arms,  and  maintain  the  core, 
coils,  and  hub  in  their  respective  positions.  Thin 
sheets  of  insulating  material  are  placed  between 
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tlie  plates  and  the  coils.  One  end  of  the  hub  abuts 
against  a collar  fixed  on  tlie  armature  shaft,  and 
is  formed  with  a flange  at  its  peripheral  edge, 
against  which  one  end  of  the  ring  of  coils  fits, 
the  coils  being  slid  along  the  hub  and  screwed 
thereto.  The  armature  is  wound  with  three  parallel 
bands  of  brass,  soldered  to  the  edges  of  the  plates 
g,  or  to  a transvei’se  copper  strip  placed  under  them. 


The  bands  are  insulated  by  tape  from  the  armature. 
In  a modification,  the  hub  is  made  of  brass,  with 
radial  blades,  which  are  embedded  between  the 
sections  of  tlie  armature.  The  outer  ends  of  these 
spokes  are  divided  in  a line  with  the  inner  periphei-y 
of  the  armature  core,  but  connected  with  the  inner 
portion  of  the  spokes  by  screws,  to  permit  of  the 
attachment  and  detachment  of  the  ring. 

*2,532. — E.  W.  Beckingsale,  London.  T reating 
Certain  Materials  to  Render  them  Dielec- 
trical. 2d.  May  27. 

Ix.suL.\TiNG  Material. — Porous  materials,  such 
as  brick,  stoneware,  clay,  earthenware  supports  for 
aerial  lines,  &c.,  are  injected  with  hydro-carbons, 
such  as  petroleum  oil,  paraffine  oil  or  wax,  alone  or 
combined  with  tar,  resin,  or  shellac,  sufficiently  to 
expel  the  moisture  from  their  pores.  The  hydro 
carbon  is  injected  in  a liquid  or  gaseous  state, 
preferably  under  considerable  pressure.  Uninsu- 
lated conductors  may  be  laid  within  porous  pipes 
treated  as  above.  The  bricks  may  be  employed  as 
a foundation  for  dynamo-electric  generators.  Wires 
in  coils  may  be  insulated  by  a “grouting”  of  the 
material  under  pressure. 

*2,557. — M.  A.  Wier,  London.  Illumination  of 
Railway  Carriages.  2d.  May  30. 

Electric  Lioiit. — The  light  from  an  electric, 
ox-hydrogen,  or  other  source  of  light,  is  distributed 
by  means  of  lenses,  reflectors,  and  refractors,  fixed 
to  side  and  roof  of  each  compartment  throughout 
the  train. 

2,558. — J.  S.  Williams,  Kiverton,  N.J.,  U.8.A. 
Generation,  Storage,  &c.,  of  Electricity. 
Is.  (83  tigs.)  May  30. 

Incan UE.SCENCK  La.mc.s. — 'I’he  filament  is  con- 
structed of  a metal  or  a metallic  alloy,  placed  in  a 
suitable  chamber  or  hohler,  so  that  it  is  supported 


even  when  heated  to  liquefaction.  The  metal  is 
distributed  in  a thin  layer,  so  as  to  provide  an 
extended  suiface,  and  may  be  mercury,  or  an  alloy 
having  a low  melting  point,  or  a metal,  mixed  with 
I pulverescent  materials,  such  as  lime,  zirconia, 
indestructible  materials,  glass,  plumbago,  carbon, 

I mica,  oxides  of  magnesium,  or  metallic  salts.  The 
j chamber  or  holder  is  preferably  transparent,  and  is 
constructed  so  as  to  permit  of  the  necessary  expan- 
I sioa  of  the  metal,  the  space  not  occupied  by  the 
metal  being  exhausted,  for  instance  by  sealing  off 
the  chamber  while  the  metal,  which  fills  the  cham- 
I ber,  is  heated  by  the  passage  of  the  electric  current. 

Enlargements  may  be  formed  in  the  chamber  at  the 
I terminals  of  the  conductors  leading  into  it,  so  that 
there  is  an  increased  body  of  the  metal.  In  one 
form  of  lamp,  the  metal  (or  material)  is  placed  in  a 
glass  tube,  in  one  end  of  which  a conductor  has 
been  sealed  so  as  to  extend  into  the  liquid  metal  ; 
this  tube  is  heated  until  the  metal  melts,  and  a 
plunger  of  glass,  carrying  the  other  terminal,  is 
forced  in,  so  as  to  distribute  the  material  in  a thin 
layer  or  film.  The  metal  may  be  distributed  in  fine 
filaments  or  thin  layers  of  flat,  curved,  or  conical 
form,  and  be  supported  in  chambers  of  circular, 

^ horseshoe,  conical,  or  spherical  form.  For  heating 
j apparatus,  the  chamber  containing  the  filament  is 
j arranged  within  a casing  containing  inlet  .and  outlet 
I pipes  for  water  or  other  liquid,  and  of  transparent 
or  semi-transparent  material,  so  that  light,  as  well 
as  heat,  is  utilised.  The  temperature  may  be  con- 
trolled as  described  in  .Specification  No.  5,233  of 
1881.  Filaments  for  the  lamps  may  be  in  the  form  of 
plates,  ribbons,  discs,  cones,  spheres,  or  thin  layers 
or  films,  thin  flat  loops,  with  or  without  flat  circular 
heads,  thin  Hat  rings  or  flat  conductors,  in  the  form 
j of  a V or  M,  a double  cone,  or  a series  of  Hat  ribbons 

: lying  in  tlie  same  plane  at  an  angle  to  each  otlier, 

* or  conductors  with  projecting  rings,  presenting  in 

cross  section  the  form  of  a cross,  the  light-giving 
power  being  regulated  by  increasing  or  decreasing 
the  width.  They  may  be  of  platinum,  iridium, 

' manganese,  nickel,  steel,  iron,  or  alloys,  and  be 

formed  by  being  poured  or  compressed  within 
suitable  moulds,  the  terminals  being  of  increased 
section,  but  not  necessarily  of  the  same  width, 
i The  metal  may  be  rolled  into  thin  sheets  or  layers, 
and  stamped,  or  be  heated  by  the  electric  current 
(a  regulator,  resistance  or  cut-oH’ being  in  circuit),  or 
otherwise,  and  poured  into  a mould  ; or  the  metal 
may  bo  melted  in  the  mould.  Carbon,  mixed  or 
not  with  other  materials,  may  be  distributed  in  thin 
layers,  by  being  compressed  between  moulds  or  thin 
sheets  of  paper,  and  be  carbonised  in  the  usual 
manner.  A metal,  metallic  alloy,  or  carbon  may 
be  de})Ositcd  (r.;/.  as  described  in  Spccilication  No. 
224  of  18S2)  over  an  exteudeil  surface,  in  the  form 
of  a Hat  ring,  loop,  or  strip,  or  of  hemisi)herical,  con- 
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cave,  convex,  angular  or  other  shape,  upon  non-con- 
ducting indestructive  material,  such  as  zirconia  or 
asbestos,  or  upon  a transparent  substance,  or  upon  a 
suitably  shaped  base,  which  is  afterwards  removed 
by  heat,  chemical  agents,  or  other  means,  the 
terminals  being  subsequently  increased  in  size  and 
connected  with  the  conductors  by  being  coiled 
around  them  in  a mould,  and  the  contact  being 
secured  by  molten  metal,  or  by  the  direct  appli- 
cation of  heat  produced  by  an  electric  current. 
Several  forms  of  the  filaments  are  shown  in  the 
drawings. 

Secondary  Batterte.s. — The  casing  of  the  bat- 
tery is  constructed  so  as  to  be  gas-tight,  and  may 
be  of  iron,  lined  on  the  inside,  and,  if  desirable,  on 
the  outside,  with  insulating  material,  which  may  be 
composed  of  bricks  and  cement,  pitch,  or  asbestos, 
or  of  a vitreous  substance  which  will  prevent  oxi- 
dation, or  of  lead,  or  an  alloy  of  lead,  and  antimony 
or  manganese.  The  casing  is  divided  into  two  parts 
or  cells  by  a gas-tight  partition,  for  containing  the 
separate  gases  forming  the  positive  and  negati\e 
elements.  The  gases  may  be  oxygen  and  hydrogen, 
or  carbonic  or  sulphurous  acid  and  air.  The  lower 
portions  of  the  cells  contain  acidulated  water,  or 
other  solution,  which  prevents  the  gases  from 
passing  through  perforations  in  the  lower  part  of 
the  partition,  and  mixing,  and  serves  to  connect  the 
cells  ; they  may  also  be  connected  by  a metallic  con- 
ductor. The  electrodes,  which  may  be  coiled,  lapped, 
or  folded  upon  themselves,  are  supported  within 
the  cells,  and  are  composed  of  sheets,  plates,  discs, 
or  extended  surfaces  of  metallic  fabric,  or  of  sur- 
faces coated  with,  or  formed  of,  carbon,  or  of  thin 
sheets  of  copper  coated  or  impregnated  with  lead, 
platinum,  manganese,  antimony,  or  other  suitable 
metal  or  alloy.  The  electrodes  may  be  coated  with 
carbon  by  burning  turpentine  or  oil,  so  that  the 
fumes  will  permeate  the  chamber  which  contains 
the  articles  to  be  coated.  They  may  be  coated 
with  metals  or  metallic  salts  in  a similar  manner, 
the  metals  being  heated  by  electrical  or  other 
means.  The  interior  surface  of  the  cells  may  be 
coated  in  this  manner,  or  lead  or  other  metal,  or 
alloy,  may  be  cast  around  suitably  formed  castings 
of  iron  or  steel.  The  charging  and  discharging 
electrodes  may  be  separate,  so  as  to  charge  in 
tension  and  discharge  in  quantity,  or  vice  versa,  in 
which  case  a continuous  charge  maybe  given  through 
one  set,  and  a continuous  discharge  through  the 
other,  without  the  use  of  switches.  Each  cell  is 
provided  with  a safety  or  pressure  valve,  or  the 
gases  may  force  out  acidulated  water  or  other 
solution  with  which  the  cells  ai’e  filled,  the  appa- 
ratus being  arranged  to  act  upon  a switch,  which 
prevents  the  further  charging,  and,  it  may  be, 
completes  the  circuit  to  another  battery.  The 
connection  between  the  batteries  may  be  completed 


at  the  sides,  bottom,  or  top  of  the  casing ; for 
example,  by  plates  immersed  in  li(piid  solution,  or 
covered  witli  a bad  conductor,  for  the  purpose  of 
regulating  tlie  resistance.  The  battery  is  charged 
by  passing  the  current  from  a generator  across  the 
electrodes,  the  li(iuid  being  decomposed,  and  the 
oxygen  and  hydrogen,  or  other  gases  given  off,  being 
confined  within  their  respective  cells,  or  it  is 
charged  with  gases  from  reservoirs,  with  which  they 
are  connected  by  pipes,  the  gases  being  formed  by 
electrical,  chemical,  or  other  means.  A “condenser,” 
for  regulating  the  tension  of  the  current  from  a 
battery,  consists  of  a metallic  chamber,  insulated 
on  the  inside  and  outside,  and  within  which  is  the 
charging  conductor,  provided  with  an  extended 
surface.  Plates,  discs,  or  ribbons  may  be  secured 
upon  the  conductor  within  the  chamber,  and  the  in- 
tervening spaces  may  be  filled  with  metallic  sheets, 
filings,  or  scraps,  the  chamber  being  then  filled  with 
a non-conducting  liquid,  such  as  oil  or  paraffine,, 
and  fitted  with  a tight  cover.  The  metallic  cham- 
ber is  connected  to  earth.  The  metallic  sheets, 
filings,  or  scraps  may  be  replaced  by  metallic  salts 
or  oxides,  or  finely  divided  metals  or  metallic  sub- 
stances, mixed  or  not  with  saw-dust,  the  vessel 
being  filled  with  sulphurie  acid,  or  an  alkaline  or 
other  solution.  The  discharge  is  regulated  by  in- 
creasing the  distance  between  the  negative  and 
positive  elements,  or  between  the  earth  and  the 
chamber.  Two  such  condensers,  or  their  equivalent, 
may  be  arranged  in  connection,  one  as  the  positive 
and  the  other  as  the  negative. 

Distributing  Currents. — Secondary  batteries 
at  a central  station  are  connected  by  conductors  to 
pairs,  or  a series,  of  secondary  batteries,  at  or  near 
the  point  of  consumption,  and  by  regulating  the 
tension  of  the  current,  by  coupling  up  the  batteries 
at  the  central  station  in  tension  whilst  discharging, 
the  sectional  area  of  the  conductors  may  be  consider- 
ably diminished.  The  tension  of  the  current  from 
these  batteries  may  be  regulated  by  “condensers,” 
induction  apparatus,  or  other  means,  which  are  so 
connected  with  the  batteries  that  parts  are  being 
discharged  whilst  others  are  being  charged.  The 
switches  for  directing  the  current  may  be  operated 
by  an  electro -magnet  controlled  from  a central 
station.  A meter  may  be  placed  in  each  circuit. 

Dynamo-Electric  Generator. — The  provisional 
specification  describes  a machine  applicable  as  a 
generator  or  motor.  The  “inducing  faces”  are  con- 
structed of  continuous  plates,  scraps,  or  coils  of 
metal,  say  copper,  iron,  or  steel.  Insulated  strips, 
wires,  coils,  or  ribbons  of  metal,  the  terminals  of 
which  extend  to  opposite  ends  of  the  axle  of  tlie 
armature,  where  they  are  each  connected  with  a 
ring,  are  placed  under,  within,  or  between  the 
inducing  surfaces.  These  rings  fit  in  journals  or 
boxes  from  which  the  current  is  taken  off.  The 
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entire  surface  of  this  armature  may  be  surroumlecl 
or  covered  by  any  suitable  arrangement  of  magnets, 
either  of  horseslioe,  annular,  or  other  form.  Or  a 
single  insulating  strip  is,  or  a series  are,  wound  or 
placed  under  the  continuous  metal  face,  so  as  to 
provide  for  conducting  the  electricity  with  which 
the  metal  will  become  charged,  the  terminals  being 
carried  to  rings,  or  to  a commutator.  The  section 
of  the  coil  is  so  proportioned  as  to  give  the  greatest 
economy.  The  patentee  refers  to  his  previous 
Patents  : Nos.  o,233  of  1881,  and  85,  224,  700,  760, 
856,  and  1,174  of  1882,  in  conjunction  with  which 
the  present  may  be  worked. 

2,560.- S.  Hallet,  London.  Electric  Lamps. 

4d.  May  31. 

Carbons. — Carbons  for  arc  and  incandescence 
lamps  are  prepared  by  mixing  finely  divided  carbon, 
or  ligneous  or  vegetable  pulp  (treated  or  not  with 
dilute  mineral  acids)  of  a creamy  consistency  with 
water  and  gelatine,  size,  or  glue,  and  heating  to 
150  deg.  Fahr. ; tannic  acid  is  then  added,  and 
the  heat  maintained  till  the  mass  becomes  plastic, 
when  it  is  pressed,  moulded,  dried,  and  carbonised. 
The  mould  for  carbonising  consists  of  three  plates 
of  nickel  or  steel,  the  central  one  having  grooves 
corresponding  to  the  shape  of  the  carbons,  cut  I’ight 
through  it.  The  carbons  are  placed  in  the  grooves, 
and  the  plates  are  bolted  together  so  as  to  make  the 
mould  air-tight,  and  the  mould  in  then  heated  gra- 
dually to  nearly  a white  heat  in  a carbonising 
furnace.  In  order  to  adjust  the  resistance  of  the 
carbons,  they  are  immersed  in  a hydro-carbon  oil, 
previously  heated  to  boiling  point,  and  brought  to  a 
bright  red  heat  by  means  of  an  electric  current,  at 
which  heat  they  are  kept  until  they  have  received 
a sufficient  deposit  of  carbon. 

Incandescence  Lamp.s. — Carbons  for  incandes- 
cence lamps  are  cut  from  cocoa-nut  shell,  dried, 
submerged  in  a heated  bath  of  cocoa-nut  or  other 
oil,  and  bent  to  the  required  shape,  after  which 
they  are  carbonised  in  a metallic  mould.  A glass 
socket,  corresponding  with  an  opening  in  the  globe, 
has  two  platinum  wires  fused  into  it  and  projecting 
both  ways.  On  the  outside  these  form  the  usual  con- 
nections, and  on  the  inside  two  Hat  pieces  of  metal 
are  hard-soldered  thereto.  The  thickened  ends  of 
the  carbon  are  secured  to  these  plates  l)y  hard- 
soldering,  by  small  metallic  clips,  or  by  a luting  of 
the  plastic  carbon  described  above,  the  mounted 
carbons  being  then  dried,  and  the  junction  slightly 
heated  by  a blowpipe  flame.  The  glass  socket  is 
then  fused  into  the  globe,  which  is  exhausted  in 
the  usual  manner.  A metal  plug  is  shaped,  and 
may  be  cemented  to  the  base  of  tlie  globe  ; one  of 
the  platinum  conductors  is  suitably  connected  to 
this  plug,  and  the  other,  which  is  insulated,  passes 


through  it,  and  to  its  end  is  soldered  a thick  copper 
wire,  which  is  platinised.  The  lower  end  of  the 
plug  is  conical,  and  fits  into  a corresponding  socket 
in  a bracket  or  holder,  to  which  it  may  be  further 
I secured  by  means  ot  a small  screw.  The  copper 
wire  passes  between  two  spring  contact  pieces, 
soldered  to  an  insulated  conductor  passing  through 
the  hollow  tube  of  the  bracket,  the  substance  of 
I which  is  used  for  the  return.  The  switch  is  made 
j like  an  ordinary  gas  cock.  The  conical  plug  has  a 
] copper  wire  passing  through,  but  insulated  from  it, 
j and  this  wire  makes  or  breaks  contact  with  platinum 
pieces  attached  to  the  adjacent  ends  of  the  insulated 
conductor  passing  through  the  tube.  A stop-piece 
limits  the  motion  of  the  plug. 

I 2,563. — W.  R.  Lake,  London.  [J . J.  Wood,  Brook- 

lyn, U.S.A.)  Electric  Lamps  or  Lighting 
Apparatus.  6d.  (3  figs.)  May  31. 

Arc  Lamr. — This  has  reference  to  devices,  in  arc 
lamps,  for  cutting  a faulty  one  out  of  circuit  when 
its  arc  fails  or  becomes  abnormally  long  by  the 
failure  of  the  feeding  mechanism,  &c.  The  cut-out 
contrivance  is  combined  with  the  regulating  magnet 
of  the  lamp,  the  abnornial  attraction  of  which  upon 
I its  armature  operates  to  trip  a catch  permanently 
cutting  out  the  faulty  lamp.  As  will  be  seen  from 
the  illustrations,  the  rack  of  the  upper  carbon-holder 


e engages  with  one  of  a train  of  wheels  carried  in  the 
rocking  frame.  This  frame  is  pivotted  at/’  to  the 
armature  lever  i,  and  is  connected  to  the  Hat  spring 
j,  which  is  secured  at  its  inner  end  to  a pillar/. 
The  armature  lever  is  an  open  X shaped  skeleton 
frame,  pivotted  hetween  the  standards  c c on  trun- 
nion screws  c',  at  a point  below  the  centre  of  the 
rocking  frame.  The  magnets  k I arc  of  the  ordinary 
high  and  low  resistance  forms  respectively,  and  the 
former  is  placed  in  a shunt  to  the  lamp  circuit. 
MTien  the  lamp  is  out  of  circuit,  tlic  springs  n m’  vi  ill 
depress  the  frame,  thus  withdrawing  the  escape 
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wlieel  of  the  train  from  the  stop  tooth  h,  carried  by 
spring  and  allowing  the  carbon-holder  to  descend. 
Upon  the  current  flowing,  the  direct  magnet  I will 
be  excited,  and  depressing  the  armature  m,  will 
move  the  lever  i,  and  bodily  lift  the  train  of  gearing 
and  carbon-holder,  separating  the  carbons  and  bring- 
ing the  escape  wheel  against  the  stop  tootli  /i.  The 
feed  is  effected  by  the  shunt  coils  k,  which  act  in 
opposition  to  the  direct  coils  1.  Tlie  length  of  the 
arc  is  adjusted  by  means  of  the  spring  nh  is  a hand 
switch,  by  which  the  lamp  may  be  thrown  out  of 
circuit  at  will.  It  is  mounted  on  the  stem  o’’  of 
the  negative  binding  screw  o’,  as  shown  in  Fig.  3, 
so  as  to  turn  freely  thereon  while  remaining  in  elec- 
trical connection  therewith.  When  closed,  its  free 
end  rests  upon  a metallic  seat,  which  is  electri- 
cally connected  with  the  body  of  the  lamp,  and 
consequently  with  the  positive  terminal ; and  the 
lamp  is  thrown  into  action  by  opening  the  switch 
as  shown  in  full  lines  in  Fig.  2.  The  short  arm 
of  the  switch  lever  has  a broad  contact  surface  p”', 
corresponding  to  a similar  surface  on  the  automatic 
switch  /,  resembling  a pistol  hammer.  This  switch 
arm  is  mounted  on  a short  vertical  spindle  passing 
through  the  top  of  the  lamp  and  carrying  on  its 
lower  end  a spring  u,  which  tends  to  rotate  it,  and  a 
trigger  finger,  which  is  tripped  by  a short  horizontal 
lever  pivotted  totheundersideof  the  lamp  top,  shown 
in  Fig.  2.  This  trip  lever  projects  over  a vertical 
plunger  arranged  between  the  legs  of  the  upper 
magnet,  and  carried  by  the  armature  m.  If  this 
plunger  be  forced  up,  it  causes  the  trip  lever  to 
oscillate,  and  releases  the  trigger,  whereupon  the 
spring  rotates  the  vertical  spindle,  and  forces  the 
contact  piece  C against  the  piece  p’’,  thus  making 
direct  contact  between  the  body  of  the  lamp  and 
the  negative  terminal.  Special  provision  is  made 
that  the  trigger  shall  not  be  tripped  without  due 
cause.  The  armature  is  loosely  connected  to  its 
lever,  and  the  latter  is  furnished  with  stops  that 
arrest  its  play  before  it  operates  the  plunger.  To 
effect  this  latter  result,  it  is  necessary  that  the  at- 
traction of  the  magnet  should  increase  until  it  lifts 
the  armature  partly  out  of  the  lever,  and  so  forces  up 
the  plunger.  In  order  to  regulate  the  action  to  a 
given  length  of  arc,  the  weight  of  the  armature  is 
partly  carried  by  an  adjustable  coiled  spring  round 
the  plunger.  As  will  be  seen  from  Fig.  2,  when  the 
hand  switch  is  closed  it  automatically  sets  the  safety 
switch  in  its  open  position. 

2,565. — A.  d.  Jarman,  London.  Dynamo-Elec- 
tric Machines.  6d.  (8  figs.)  May  31. 

Dynamo-Electric  Generators.— The  armature 
core  consists  of  an  outer  cylinder  enclosing  an  inner 
divided  cylinder,  the  two  cylinders  being  separated 
by  an  annular  air  space.  Referring  to  the  illustra- 
tion, surrounding  a thin  iron  cylinder  A',  divided 


in  the  centre  as  shown,  is  another  cylinder  A,  upon 
which  are  rivetted  the  longitudinal  ribs  B,  form- 
ing grooves  wherein  tlie  various  armature  coils  are 
wound.  (Small  tubes  passing  through  the  ribs  con- 
nect the  space  between  the  inner  and  outer  cylinder 
with  the  air,  to  assist  the  refrigerating  effect.  This 
latter  is  said  to  be  enhanced  by  covering  the  opposed 
iron  parts  of  the  armature  and  field  magnets  with 
thin  strips  of  a good  heat-conducting  metal,  such 
as  copper.  The  ribs  are  fastened  at  their  ends  to 


non-magnetic  discs,  or  if  the  parts  are  cast,  they 
are  insulated  from  the  armature  axle  by  non  con- 
ducting bushes.  The  ribs  may  be  in  several 
pieces,  with  air  spaces  between  them.  Armatures 
of  the  disc  type  may  be  made  in  a similar  manner. 
The  coils  may  be  connected  in  series.  Two  arma- 
tures may  be  arranged  together,  being  connected  to 
supply  a tension  or  qua/itity  current,  or  both  ; or 
a portion  of  the  current  from  one  armature  may  be 
employed  to  excite  the  field  magnets. 

2,569. — T.  E.  Gatehouse,  London,  and  H.  R. 

Kempe,  Barnet,  Middlesex.  Electric  Lamps. 

6d.  (5  figs.)  May  31. 

Arc  Lamps. — The  upper  carbon  K is  supported 
by  two  gripping  wheels  R R’  and  a jockey  roller. 
Upon  the  axes  of  the  former  are  keyed  two  ratchet 
wheels  W W,  which  are  put  in  motion  by  the  reci- 


procating pawl  A,  jointed  to  the  core  of  the  solenoid 
B.  The  arm  A is  also  jointed  to  a link,  terminating 
at  one  end  in  the  core  of  the  vertical  solenoid  C, 
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and  at  the  other  end  in  the  recoil  spring  D.  The 
coil  of  B is  connected  through  any  convenient  make 
and  brake  arrangement  with  the  lamp,  or  other 
circuit,  in  such  a way  that  the  solenoid  is  inter- 
mittently excited,  attracting  its  core  in  opposition 
to  a spring,  and  giving  a reciprocating  motion  to  the 
arm  A.  The  coil  of  the  solenoid  C,  whose  function 
is  to  deflect  the  arm  A and  bring  the  reciprocating 
pawl  into  gear  with  one  or  the  other  of  the  ratchet 
wheels  W W,  according  as  the  resistance  of  the  arc 
decreases  or  increases,  may  form  part  of  the  lamp 
circuit.  In  this  case,  a shunt  of  some  kind  is  pro- 
vided, to  automatically  maintain  the  general  cir- 
cuit in  case  of  the  extinction  of  the  lamp.  It  is 
preferred,  however,  to  arrange  the  deflecting  sole- 
noid in  a shunt  circuit  of  considerable  resistance, 
including  a carbon  filament  in  a vacuous  bulb.  As 
the  electrical  resistance  of  the  filament  is  lessened 
on  becoming  hot,  the  resistance  of  the  shunt  de- 
creases as  the  arc  lengthens,  and  thus,  by  draw- 
ing to  itself  an  increased  proportion  of  current 
during  the  lengthening  of  the  arc,  causes  the 
deflecting  solenoid  to  be  rapidly  and  forcibly  ex- 
cited. The  use  of  the  carbon  filament,  for  the  pur- 
pose of  rapidly  and  considerably  varying  the  resist- 
ance of  a circuit,  is  applicable,  generally,  to  electric 
lamps  in  which  there  is  a shunt  circuit,  either  in- 
cluding or  not  including  a solenoid,  or  magnet,  for 
the  regulation  of  the  arc.  In  a modification,  two 
small  rollers  press  the  carbon  against  a single  roller 
R,  on  the  axis  of  which  is  fixed  a toothed  wheel. 
The  reciprocating  arm  A is  made  in  the  form  of  an 
escapement  anchor,  which  causes  the  wheel  to  turn 
in  one  or  the  other  direction.  Or  the  carbons  may 
be  fixed  in  a tube  having  rack  teeth  on  its  side, 
engaging  with  a pinion  on  the  axis  of  the  ratchet 
wheel.  In  a self-focussing  lamp,  the  carbons  and 
holders  are  counterbalanced  by  weights,  or  are 
so  connected  by  cords  passing  over  pulleys  that  one 
counterbalances  and  moves  faster  than  the  other. 

2,570. — W.  R.  Lake,  London.  [J.  J.  Wood, 

Brooldyn,  U.S.A.)  Electric  Lamps.  6d. 

(7  figs.)  May  .31. 

Arc  Lamps. — This  relates  to  lamps  with  two  or 
more  sets  of  carbons,  and  provides  simple  apparatus, 
whereby,  when  the  first  set  is  in  action,  the  strain 
of  the  second  set  is  supported  so  as  not  to  be 
borne  by  the  regulating  mechanism.  Tlie  general 
arrangement  of  the  lamp  is  similar  to  that  de- 
scribed in  Specification  No.  2,503  of  1882.  The 
racks  are  enclosed  at  their  upper  ends  by  tubes, 
screwed  into  the  upper  head  of  the  lamp.  A cap, 
formed  with  two  sockets  fitting  tlic  top  of  the  tubes, 
and  secured  by  a set  screw,  has  a central  loop,  by 
whicli  the  lamp  may  be  suspended.  Referring  to 
the  illustration,  tlie  right-hand  carbon  is  supposed 
to  be  still  in  action,  although  nearly  consumed, 


and  the  left  is  ready  to  be  put  into  circuit,  it  being 
meanwhile  held  up  by  the  lever  t and  spring  fi, 
until  such  time  as  the  projection  2 shall  trip  the 
lever  and  release  it.  Both  pinions  are  connected  to 
the  spindle  by  pawls  and  ratchets,  so  that  when 
the  right-hand  pinion  rotates  to  feed  its  carbon,  the 
spindle  can  run  round  idly  in  the  left-hand  pinion. 
In  addition  to  this  motion,  however,  both  pinions 
and  spindle  have  to  be  raised  to  establish  the 
arc,  in  which  case  the  left-hand  pinion  must  roll 
over  the  rack  in  the  direction  in  which  the 
pawl  holds.  To  effect  this,  the  two  pawl  discs  v r', 
instead  of  being  keyed  fast  to  the  spindle,  are 
coupled  to  it  by  slots  and  pins,  that  allow  them 
a certain  amount  of  play  corresponding  to  the  arc. 


and  these  slots  are  so  arranged,  with  relation  to  each 
other,  that  the  carbon  which  is  out  of  action  is  not 
disturbed  by  raising  the  gear  train,  the  play  being 
always  taken  up  at  the  active,  and  always  free  at 
the  idle  clutch,  to  allow  of  the  backward  rolling  of 
the  pinion  on  the  idle  rack  when  the  gearing  is 
raised.  The  arrangement  of  the  springs  ?ii,  shown 
in  the  illustration  annexed  to  our  abridgment  of 
Specification  No.  2, .5(53  of  1882,  is  claimed,  the  fixed 
spring  and  the  weights  of  the  core  and  lever  being 
balanced.  The  spring  is  adjusted  by  removing 
it  from  the  hook,  and  turning  it  in  one  or  the  other 
direction,  and  replacing  it  on  the  hook,  the  lamp 
being  always  ready  for  action,  even  when  the 
spring  is  detached. 

2,571. — W.  A.  Phillips,  London,  and  S.  E.  Phil- 
lips, Charlton.  Making  the  Insulating 
Bodies  of  Electric  Light  Conducting 
Wires  Non-Inflammable.  (Id.)  May  31. 

Conductors. — Tliese,  preferably  insulated  with 
cotton,  silk,  or  india-rubber,  arc  passed  through  a 
solution  of  tungstate  of  soda,  or  other  acids,  salts, 
or  oxides,  capable  of  rendering  pitch,  india-rubber, 
gutta-percha,  and  other  bodies  non-intlammablc  ; or 
the  non-inflammable  salts  may  be  mixed  directly 
with  the  insulating  or  mechanical  coverings  of 
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electrical  conductors.  Tliis  invention  also  relates 
to  a method  of  making  an  oily  solution  of  the 
above  compound,  which  may  be  mixed  with  any 
material  used  to  cover  wires.  A concentrated 
aqueous  solution  of  tungstate  of  soda  is  poured 
into  boiled  linseed,  or  other  oil,  or  into  gum,  and 
stirred  until  the  water  has  evaporated.  This  is 
then  mixed  with  the  insulating  compound. 

2,573. — S.  Hallett,  London.  Dynamo-Electric 
Machine.  6d.  (35  figs.)  May  31. 

Dynamo  Electkic  Generator. — Upon  a shaft 
A are  fixed  bosses  B,  standing  out  from  which  in 
radial  directions  are  the  cores  C of  the  electro- 
magnets. The  shaft  A is  carried  in  bearings  in 
non-magnetic  standards,  one  bearing,  or  standard, 
being  insulated  from  the  bed-plate.  In  large 
machines,  or  in  duplex  machines,  the  driving  pulley 
may  be  placed  on  the  centre  part  of  the  shaft,  and 
a commutator  at  each  end,  both  bearings  being  in- 
sulated. Surrounding  these  armatures  are  the  field 
magnets  E,  whose  cores  a terminate  in  discs  h, 
which  are  provided  with  pole-pieces  c,  correspond- 
ing with  similar  pole-pieces  attached  to  the  radial 
armature  cores.  The  cores  extend  from  one 
standard  to  the  other,  and  the  winding  may  be 
continuous,  or  be  divided  by  a ring  of  insulating 


material,  or  the  cores  may  not  be  continuous  from 
side  to  side.  As  shown  in  Figs.  1 and  2,  the  field 
magnets  and  armatures  are  duplicated.  The  com- 
mutator segments  correspond  to  the  number  of 
armature  sections.  Alternate  segments  of  the  com- 
mutator are  formed  of  one  cylindrical  piece,  with 
a number  of  longitudinal  slits  corresponding  to  half 
the  number  of  segments.  The  movable  segments 
have  a ring  projecting  from  their  inner  surface,  and 
these  rings  are  slipped  on  to  the  armature  shaft,  and 
are  separated  from  each  other  by  insulating  rings, 
the  movable  segments  lying  in  the  slits  of  the  cy- 
lindrical piece,  and  being  insulated  therefrom  by 
plugs  of  insulating  material,  screwed  into  tapped 
holes  bored  longitudinally  between  two  segments. 
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j Insulating  rings  fit  over  projections  from  the  ends 
I of  the  segments.  The  brush-holder  support  F sur- 
rounds the  bearing  A',  and  contains  a curved  slot, 
which  allows  the  brush-holders  F-  to  be  adjusted 
round  the  commutator  within  suitable  limits.  The 
steins  of  the  brush-holders  fit  in  insulated  sockets 
attached  to  the  support  F.  The  brushes  are  held 
to  the  commutator  by  springs,  and  may  be  four  in 
number  to  each  commutator,  for  l>etter  contact,  and 
1 to  avoid  sparking.  In  a modification,  the  field 
magnets  are  arranged  radially,  their  inner  ends  ter- 
j minating  in  pole-pieces  attached  to  a ring,  within 
which  revolves  the  armature,  consisting  of  an 
i annular  iron  core,  upon  which  are  threaded  wire 
I coils  and  iron  polar  extensions  alternately,  the 
whole  being  driven  tightly  upon  a pulley-shaped 
core.  The  field  magnets  of  the  two  sets,  in  a duplex 
machine,  may  alternate  in  position,  instead  of  being 
opposite  one  another,  “ so  as  to  counteract  as  much 
as  possible  the  resistance  to  tlie  driving  of  the 
armature  shaft  set  up  by  the  magnetism.”  Per 
mauent  magnets  may  be  arranged  side  by  side  with 
the  electro-magnets  forming  the  field. 

*2,595. — W.  Boggett,  London.  Materials  for 
j Use  in  Secondary  Electric  Batteries.  2d. 

June  1. 

I Secondary  Batteries. — A suitable  tool,  pressed 
against  a disc  of  lead  secured  to  a revolving  shaft, 
detaches  small  particles  ; or  very  thin  sheets  of 
lead  are  cut  into  narrow  strips,  by  a machine 
similar  to  a paper-cutting  machine,  the  strips  being 
then  placed  so  as  to  be  cut  across  their  length. 
The  particles  of  lead  are  employed  in  the  manufac- 
j ture  of  electrodes  for  secondary  batteries. 

2,602. — Sir  C.  T.  Bright,  London.  Secondary 
Batteries.  4d.  June  2. 

Second.xry  Batterie.s. — Each  cell  is  divided 
into  two  ecpial  parts  by  a porous  diaphragm,  and 
each  division  is  filled  with  a number  of  leaden 
granules,  and  dilute  sulphuric  acid.  Electrical 
connection  between  the  cells  is  made  by  means  of 
I leaden  plates,  one  of  which  is  placed  in  each  cell 
I division.  The  surface  of  lead  employed  in  secondary 
batteries  is  covered  with  dioxide  of  lead,  by  expos- 
j ing  it  to  the  warm  vapours  of  acetic  and  carbonic 
acids,  and  afterwards  treating  it  with  chlorine. 
Dioxide  of  lead  may  be  mixed  with  the  lead 
, granules  above  mentioned,  to  fill  up  the  interstices 
j between  them.  The  provisional  specification  de- 
! scribes  a process  of  converting  the  surface  of  lead 
i into  a proto.xide  of  lead,  by  exposing  it  to  heat  and 
I the  air,  and  afterwards  to  chlorine  gas. 

2,604. — F.  Des  Voeux,  Derby.  (A.  Bernstein, 

I Boston,  Mass,  U.S.A.)  Manufacture  of  In- 

candescent Electric  Lamps,  fid.  (3  figs.) 
•June  2. 
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Incandescence  Lamps. — The  incandescing  portion 
is  composed  of  a substratum  of  a phosphorescent 
substance,  such  as  calcined  egg  or  oyster  shells, 
chalk,  lime,  fluor-spar,  &c.,upon  which  is  deposited, 
from  hydro-carbon  vapour,  a film  of  carbon,  cover- 
ing either  the  whole  or  only  a portion  of  its  surface. 
The  part  not  so  covered  glows  with  a soft  phos- 
phorescent light,  aiding  the  illumination  given  by 
the  incandescent  carbon  film.  The  phosphorescent 
substance  may  be  covered  with  a film  of  carbon,  by 
placing  it  in  a pipe  through  which  hydro-carbon  gas 
is  passed,  and  heating  the  pipe  in  a furnace,  or  the 
substance  may  be  heated  in  a vessel  containing 
hydro-carbon  vapour,  by  a spiral  of  thin  wire,  through 


which  an  electric  current  is  passed.  The  illustra- 
tions clearly  show  the  form  of  tlie  lamp,  D D’  being 
the  incandescing  portion.  In  Fig.  .3  tlie  carbon  is 
shown  as  deposited  in  a spiral  form.  The  conductors 
C C are  sealed  in  an  annular  collar  of  the  stopper, 
arranged  at  some  distance  below  the  upper  end  of 
the  central  upwardly  extending  portion  of  the 
stopper,  so  as  not  to  be  affected  by  heat ; they 
may  also  be  sealed  to  the  uppermost  portion  of 
the  stopper.  To  increase  the  endurance  of  the 
lamps,  the  platinum  connecting  wires  C have 
enlarged  ends  C,  where  they  are  attached  to 
incandescing  portion  D Dh  The  lamp  is  exhausted 
through  the  tube  a. 

2,613. — W.  E.  Ayrton  and  <J.  Perry,  London. 

Electric  Lamps,  fid.  (8  figs.)  June  3. 

Arc  Lamp.s. — In  these  lamps  the  upper  carbon- 
holder  passes  through  the  centre  of  the  regulating 
electro-magnet,  which  may  consist  of  one  or  more 
coils,  but  preferably  of  a single  hollow  coil,  with  or 
without  a hollow  wrought-iron  core.  In  the  illustra- 
tion two  coils  are  shown,  possessing  polar  extensions 
P R Q and  U S T,  whose  object  is  to  produce  an 
intense  magnetic  field  in  the  space  R 8.  Within 
the  polar  extensions  works  the  magnet  core  L M, 
the  upper  part  of  which,  L N,  is  of  iron,  while  the 
lower  part,  N M,  is  of  brass,  or  other  non-magnetic 


material.  To  this  core,  at  M,  is  fixed  a frame  C Ci 
at  one  end  of  which  are  hinged,  at  D and  F,  the 
ends  of  two  levers  D E and  F G.  Each  lever  has 
a projection  in  the  middle  of  its  length,  whieh 
projections  form  a pair  of  grippers  supporting 
either  the  carbon-holder,  or  the  carbon  itself.  The 
core  frame  and  levers  are  hung  from  the  framing 
by  spiral  springs  (not  shown),  and  in  the  normal 
condition  of  the  lamp,  wRen  the  arc  has  been 
formed,  the  downward  attraction  of  the  core,  to- 
gether with  the  weight  of  the  movable  parts,  just 


balances  the  upward  pull  of  the  springs.  The 
magnet  coils  being  in  a shunt  from  the  main  circuit, 
the  tendency  of  the  core,  and  the  frame  carrying  the 
carbons,  is  to  descend  upon  a lengthening  of  the 
arc.  The  frame,  however,  cannot  fall  more  than 
a very  short  distance,  before  the  free  ends  of  the 
two  levers  come  in  contact  with  stops  at  E and 
G,  and  this  diminishes  their  grip  upon  the  carbon, 
and  lets  it  slide  independently  of  the  frame.  The 
lower  carbon  is  stationary,  and  is  carried  in  any 
convenient  manner.  The  frame  C,  and  levers,  may 
be  carried  on  the  upper  side  of  the  solenoid. 

2,618. — R.  E.  B.  Crompton,  London.  Dynamo- 
Electric  Machines,  fid.  (10  figs.)  June  3. 

Dynamo-Electric  Generators. — This  relates  to 
method  of  winding  disc  or  ring  armatures,  so  that  the 
whole  outer  circumference  maybe  covered  with  the 
coils.  The  disc  is  divided  into  segments,  equal  in 
number  to  the  intended  separate  coils,  and  these 
segments  are  wound  with  as  many  equal  and  parallel 
turns  of  wire  as  the  length  of  the  inner  circumfe- 
rential arc  will  admit  of;  the  winding  is  then  con- 
tinued through  a series  of  holes  pierced  through  the 
disc,  or  steps,  cut  in  the  segment  in  such  manner  and 
order  tliat  each  successive  turn  of  wire,  or  groups 
of  turns  of  wire,  is  rather  shorter  tlian  the  one  pre- 
ceding it.  In  this  manner  the  otherwise  unoccupied 
triangles  are  filled  up  by  winding  in  a series  of 
turns,  or  groups  of  turns,  arranged  stepwise,  so  that 
the  whole  of  the  wedge-shaped  segments  arc  com- 
pletely covered.  Figs.  I and  2 illustrate  one  method 
of  carrying  out  the  invention.  In  tliis,  the  winding 
of  one  of  the  segments  is  commenced  at  the  oblong 
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hole  a,  ami  is  continued,  as  above  described,  until 
the  inner  surface  of  the  hole  a is  filled  with  wire. 
After  this  the  -winding  is  continued  through  the 
holes  Cl  c..  Cj,  until  the  full  length  of  the  outer 
bounding  arc  of  the  segment  is  filled.  The  next 
segment  is  then  commenced  at  the  hole  h,  and  the 
winding  continued  all  the  way  round  in  a similar 
manner,  each  section  being  formed  of  as  many  layers 
as  may  be  convenient.  The  holes  a b c,  &c. , are 
lined  with  insulating  material.  Figs.  3 and  4 show 
another  method  of  winding,  applicable  to  a disc  core 
built  up  of  segments.  Each  segment  is  of  malleable 
cast  iron,  or  other  magnetisable  material,  and  is 
formed  stepwise  along  one  edge,  as  indicated  at  a. 


copper  bolts,  passing  through  holes  in  the  disc, 
which  may  be  made  either  of  several  thicknesses 
of  iron  plate  rivetted  together,  or  of  a rim  of  non- 
magnetisable  metal  covered  with  iron  plates  as  in 
Fig.  7.  Figs.  9 and  10  show  a modification,  in 
which  the  holes  a and  b,  corresponding  to  the  holes 
a and  b in  Fig.  1,  are  connected  to  radial  slots 
extending  to  the  inner  circumference  of  the  plates. 
This  affords  facility  in  winding,  as  by  this  device 
the  wire  can  be  wound  on  a bobbin  and  passed 
through  the  central  hole  of  the  disc. 

*2,619. — R.  E.  B.  Crompton,  London.  Electric 
Lighting.  2d.  June  3. 


Fig.  1.  Fig.  2.  Fig.  3.  Fig.  4. 


Fig.  5.  Fig.  6.  Fig.  7.  Fig.  8. 


The  segments  are  secured  together  in  pairs  so 
that  they  form  a rigid  compound  segment,  capable 
of  withstanding  the  tangential  strain  caused  by 
the  rotation  of  the  disc.  By  this  arrangement, 
the  respective  segments  can  be  wound  separately, 
and  built  up  into  a disc,  and,  if  necessary,  be 
subsequently  removed  and  replaced,  without  dis- 
turbing the  other  segments.  The  winding  is  similar 
to  that  shown  in  Fig.  1,  and  each  segment  can  be 
coiled  before  it  is  bolted  to  the  next.  Figs.  5,  6,  7, 
and  8 show  two  disc  armatures,  in  which  the  con- 
ductors are  thick  copper  bars  m m,  each  of  which 
consists  of  a stirrup  of  rectangular  section.  The 
connections  between  adjacent  turns  are  made  by 


Fig.  9. 


Fig.  10. 


Arc  Lamp. — The  two  carbons  are  attached  to 
sliding  holders,  so  as  to  approach  each  other  in 
the  usual  manner,  and  they  are  attached  one  to 
the  other  by  means  of  flexible  connections  (wliicli 
may  be  of  regulated  weight)  passing  over  pulleys, 
and  so  arranged  that  the  travel  of  one  carbon  con- 
trols the  travel  of  the  other,  as  the  rate  of  -w'asting 
away  of  the  point  of  the  first  is  to  that  of  the 
second.  The  length  of  the  arc  is  controlled  by 
means  of  a solenoid,  or  helix,  suitably  placed,  the 
core  of  which  is  attached  to  the  negative  carbon  at 
or  near  the  point  on  its  incandescent  cone,  where 
it  wastes  away.  This  attachment  may  take  the 
form  of  a ring  pressing  on  the  cone,  or  of  a tube 
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having  one  or  more  claws  or  pins  projecting  in- 
wardly. If  the  lamp  is  to  be  burned  singly  the  sole- 
noid can  be  wound  with  a coil  of  thick  wire  only, 
coupled  up  in  circuit  with  the  arc,  or  if  more  than 
one  lamp  is  burnt  in  the  circuit,  the  solenoid  may 
be  wound  differentially  in  the  usual  manner,  or 
according  to  the  arrangement  described  in  Specifi- 
cation No.  346  of  1882.  The  point  of  the  upper 
carbon  is  passed  through  an  insulated  guide  at- 
tached to  the  ring  or  tube. 

2,623. — W.  R.  Lake,  London.  (J.  .7.  Wood, 
RrooUt/n,  U.S.A.)  Devices  for  Coupling  the 
Armatures  and  Commutators  of  Electric 
Machines.  Cd.  (6  figs.)  June  3. 

Dynamo-Electric  Gener.\tors.  — This  relates 
more  especially  to  the  “ Gramme”  form  of  armature 
and  commutator,  and  consists  in  a device  for  connect- 
ing the  ends  of  the  armature  coils  to  the  commutator 


strips  ; o represents  a commutator  strip,  on  the  tip 
of  which  is  shown  a small  metal  block  f,  having 
on  its  underside  a slot  in  which  e is  soldered  or 
rivetted.  This  block  has  either  a level  top,  or  is 
indented  with  two  parallel  grooves,  in  which  the 
en<ls  of  two  armature  wires  are  secured  by  the  cap 
h and  screw  k.  The  underside  of  the  cap  has  two 
marginal  grooves,  or  lips,  corresponding  to  the 
grooves  in  the  block./’. 

*2,628. — H.  Defty,  Middlesbrough.  Collecting 
and  Transmitting  Electric  Fluid.  2d. 
•June  5. 

Generator. — Making  use  of  the  inventor’s  own 
description,  “this  invention  consists  as  follows: 
first  there  is  an  arrangement  of  magnetised  metals, 
of  straight  or  curved  bars,  built  in  a consecutive 
order,  forming  one  combined  fagot  or  pile,  to  which 
is  fitted  at  the  rear  a series  of  induction  wires  or 
rods,  leading  from  a bunker  or  store  of  ferruginous 
ores,  to  assist  in  sustaining  the  magnetic  charge 
from  the  decomposing  mines.  Immediately  over 
the  positive  ends  of  the  fagot  or  pile,  there  is 
attached  a steel  crossbar,  wliich  I name  a ‘ shoe- 
accumulator,’  this  being  made  in  such  form  as  to 
clamp  or  gatlier,  and  then  conduct  all  fluid  passing 
through  the  fagot  or  pile  into  the  core  of  the  shoe 


accumulator,  where  there  is  fixed  in  contact  an 
arrangement  of  one  or  more  circuit  discs,  working 
on  pivots,  the  above-named  discs  being  fitted  with 
a number  of  copper  wire  coils,  which  I name  the 
‘ compounder,’  and  so  arranged  as  to  swing  or  rotate 
in  order  to  collect  and  reconcile  within  the  circuit, 
the  magnetic  waves  or  fluid  to  one  central  electro- 
motive force,  discharging  one  continuous  stream 
up  the  disc  points,  wdiere  the  current  is  received 
by  union  conducting  bars,  and  then  transmitted 
through  wires  free  from  variations  or  broken  undu- 
lations of  current.”  “ The  motive  power  ....  is 
by  means  of  a fan  wheel  driven  by  the  draught  of  a 
chimney,  or  by  a system  of  water-wheels  with  an 
arrangement  of  connecting  gear  ot  belts  or  shafting.” 

Arc  L.\mp. — “The  object  to  work  machinery 
or  burner  for  illumination  of  which  the  instrument 
consists,  is  a small  octagon-headed  needle,  made  of 
a reflecting  substance  to  return  the  inside  ray  of 
light  which  would  otherwise  be  shaded  and  lost  by 
the  coils  or  plates  as  in  ordinary  use.  For  carbon 
burners,  the  aforesaid  carbon  being  finely  powdered 
and  put  into  a reservoir  furnished  with  a small 
vent  hole,  in  central  position  of  the  poles,  which 
causes  a continuous  discharge  or  supply  of  the 
carbon  upon  the  electric  current,  producing  a beau- 
tiful w'hite  or  other  coloured  light  according  to  the 
chemical  mixture  with  the  carbon.” 

*2,629. — R.  Kennedy,  Glasgow.  Intensifying 
Fluorescent  or  Phosphorescent  Electric 
Lighting.  2d.  June  5. 

Electric  Lamp. — An  electric  current  of  high 
tension  is  discharged  between  two  conductors  in  a 
vacuum,  which  conductors  may  be  partly  or  u holly 
coated  w'ith  various  fluorescent  or  phosphorescent 
substances,  or  fluorescent  or  phosphorescent  vapours 
may  be  admitted  into  an  exhausted  globe  of 
fluorescent  glass,  such  as  uranium  glass.  The  con- 
ductor may  be  of  carbon  or  of  metal.  A conducting 
point  of  metal,  or  carbon,  may  be  fi.xed  immediately 
in  front  of  a disc  of  thin  paper.  Mood,  cork,  or 
glass,  or  metal  coated  over  on  one  or  both  sides 
M’ith  the  fluorescent  or  phospliorescent  substance, 
or  the  fluorescent  or  phosjiliorescent  substance  may 
be  formed  into  a ball  and  placed  in  front  of  the 
conducting  point.  The  conductors  conveying  the 
current  to  the  lamp  are  sealed  into  the  glass. 

Dynamo-Electric  Gener.vtor. — A generator, 
suitable  for  the  above  described  lamp,  consists  of 
iron  masses  revolving  before  the  faces  of  fixed 
magnets,  the  masses  being  fixed  to  the  ends  of  re- 
volving iron  shafts  passing  through  fixed  solenoids, 
in  M'hieh  the  eurrents  are  generated.  I’ernianent 
steel  magnets  or  electro-magnets  may  l>c  employed. 

2,630. — A.  J.  Jarman,  London.  Dynamo- 
Electric  Machines.  fid.  (IMigs.)  June  5. 
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Dynamo-Electric  Generators. — This  refers 
principally  to  a mode  of  regulating  the  current 
generated  by  a dynamo  machine,  whereby  the  pole- 
pieces  A A are  caused  to  approach  or  recede  from 
the  revolving  armature.  In  the  illustration,  this  is 
accomplished  by  turning  the  screw  C,  which  is  pro- 
vided with  right  and  left-handed  threads  as  shown, 
or  the  pole-pieces  can  be  regulated  by  means  of  set 


screws,  the  pole-pieces  sliding  within  the  magnets 
of  which  they  form  part ; or  the  legs  of  the  magnet, 
in  the  Edison  machine,  may  be  hinged  or  pivotted 
together,  and  the  pole-pieces  adjusted  by  set  screws, 
or  screws  and  wedges  ; or  the  side  frames  carrying 
the  magnets  can  be  made  to  slide  upon  or  within 
each  other. 

Motors. — These  may  be  also  regulated  by  the 
adjustment  of  the  pole-pieces. 

2,632. — W.  R.  Lake,  London.  [J.  J.  JVoocl, 

Brooklyn,  U.8.A.)  Electric  Lamps.  6d. 

(6  figs.)  Junes. 

Arc  Lamp. — The  main  feature  of  the  invention 
consists  in  a simple  connection  between  the  negative 
carbon-holder,  which  in  this  case  is  movable,  and 
the  spindle  of  the  wheel  train,  which  is  geared  with 
the  positive  carbon-holder.  This  connection  consists 
of  a rotary  spindle,  mounted  in  stationary  bearings, 
and  geared  on  one  side  with  the  spindle  of  the 
vibrating  train,  and  on  the  other  side  with  the  nega- 
tive carbon-holder,  so  that  as  the  train  is  vibrated  up 
or  down,  by  the  usual  regulating  movements,  both 
carbon-holders  will  be  moved  simultaneously  in 
opposite  directions,  to  or  from  each  other,  and  at  a 
proper  speed,  thus  producing  a correct  focussing 
action.  The  spindle  is  divided  at  one  point,  and 
the  two  parts  connected  by  an  insulating  coupling, 
the  corresponding  bearing  of  the  spindle  being  insu- 
lated from  the  lamp  frame.  The  general  arrange- 
ment of  this  lamp  is  similar  to  those  described  in 
Specifications  Nos.  2,o63anJ  2,570of  1882.  As  shown 
in  the  drawing  annexed  to  this  specification,  the 
mechanism  is  placed  belowthe carbons,  and  thelower 
end  of  the  positive  holder  works  in  a closed  tube 
depending  from  the  lower  head  of  the  clamp  frame, 
while  the  main  portion  of  the  holder  is  extended 
upwardly  through  a long  tube,  and  from  its  top  pro- 
jects a lateral  overhanging  arm,  provided  with  a 
pendent  angularly  adjustable  clamp  for  the  positive 


carbon.  The  negative  carbon  is  held  in  the  clamp 
of  the  negative  holder,  which  rises  in  line  with  the 
positive  carbon  out  of  a guide  tube.  A small  point, 
projecting  from  the  guide  of  the  positive  holder,  in- 
dicates the  proper  focussing  point  for  the  carbons. 
The  standard  of  the  lamp  is  adjusted  by  means  of  a 
nut  screwing  on  a non-rotative  stem,  sliding  in  a 
pedestal,  so  as  to  adjust  the  focus  of  the  carbons  to 
the  focus  of  the  reflector  with  which  the  lamp  may 
be  provided.  The  retractile  spring  of  the  armature 
lever  is  adjusted  by  means  of  an  L shaped  lever,  to 
the  horizontal  arm  of  which  one  end  of  the  spring 
is  secured  ; a set  screw  passes  through  the  vertical 
arm  and  bears  upon  the  side  of  the  standard  to 
which  the  lever  is  pivotted. 

2,636. — A.  L.  Fyfe  and  J.  Main,  London. 

Dy  namo-Electric,  Magneto-Electric,  and 

Electro-Magnetic  Machines.  8d.  (11  figs.) 

June  5. 

Dynamo-Electric  Generator. — This  is  a disc 
armature  generator,  in  which  a number  of  coils, 
I,  2,  3,  &c.,  wound  upon  non-magnetic  cores,  and 
provided  with  iron  cheeks  a a on  each  side,  rivetted 
to  a non-magnetic  ring  c,  revolve  between  two  sets 
of  opposing  field  magnets,  one  set  of  which,  with 
its  pole-pieces  of  alternate  polarity,  is  shown  in- 
Fig.  3.  The  chief  feature  of  the  machine  lies  in 
the  method  adopted  of  connecting  the  revolving 


coils  to  the  commutator  plates,  and  in  connecting 
up  the  plates  among  themselves,  for  the  purpose  of 
cutting  out  the  idle  coils.  As  shown  in  Fig.  2,  the 
coils  are  arranged  in  two  groups,  there  being  eight 
coils  and  eight  commutator  plates.  Tracing  the 
connections  from  one  plate,  the  circuit  runs  through 
coils  Nos.  1,  2,  3,  and  4 in  succession,  thence  to  the 
plate  next  but  one  behind  the  first  plate.  The 
second  circuit  joins  together  the  two  plates  on  either 
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side  of  the  first  plate,  through  the  coils  Nos.  6,  7, 
8,  and  9.  Lastly,  each  plate  is  connected  directly 
to  the  one  diametrically  opposite  to  it  on  the  coin- 
nnitator.  The  collecting  bruslies  are  arranged  to 
touch  the  commutator  as  shown  in  Fig.  3.  In  one 
form  of  machine  the  commutator  is  made  stationary, 
and  each  section  of  the  armature  carries  a brush 
forming  part  of  a spring.  When  the  armature  coils 
arrive  at  a certain  position  between  the  poles,  the 
brushes  bear  against  a separate  part  of  the  com- 
mutator, and  are  thereby  cut  out  of  circuit  during 
portions  of  the  revolution.  Two  commutators, 
placed  side  by  side,  are  sometimes  employed,  and 
their  lateral  adjustment  is  provided  for  by  a clutcli 
motion.  Fig.  1 represents  a similar  machine  with 
eight  pairs  of  field  magnets. 

2,642. —W.  E.  Ayrton  and  J.  Perry,  London. 
Registering  the  Amount  of  Work  Given 
Electrically  to  any  Part  of  an  Electric  Cir- 
cuit in  a Given  Time.  4d.  June  5. 

Power  Meter. — The  apparatus  consists  of  “a 
small  machine  shaped  like  a dynamo-electric  ma- 
chine.” The  movable  field  magnet  and  the  fixed 
armatures  are  wound  respectively  with  a coil,  or 
coils,  of  small  resistance,  through  which  the  main 
current,  or  a portion  of  it,  passes,  and  a coil  or 
coils,  of  high  resistance,  placed  in  a shunt  across 
the  main  circuit,  or  vice  versd.  The  average  force 
acting  between  the  movable  and  fixed  parts  is  pro- 
portional to  the  product  of  the  currents  flowing  in 
them,  and  this  is  proportional  to  the  horse  power 
being  expended  in  the  main  current,  hence  the 
horse  power  so  expended,  multiplied  by  the  velo- 
city of  rotation,  is  proportional  to  the  mechanical 
power  given  out  by  the  motor.  If  the  only  w'ork 
done  by  the  motor  is  done  in  overcoming  fluid 
friction,  or  other  resistance  which  is  proportional  to 
the  velocity  of  rotation,  the  number  of  revolutions 
made  by  the  motor,  in  any  time,  is  proportional  to 
the  electrical  energy  given  to  the  circuit  in  that  time. 
The  number  of  revolutions  is  registered  in  a way 
similar  to  that  employed  in  gas  or  water  meters. 
Steel  or  cast  iron  must  not  be  used  in  the  motor, 
and  it  is  preferable  not  to  use  any  metallic  core  in 
the  moving  part.  Another  method  of  register- 
ing the  energy  given  electrically  to  any  circuit, 
consists  in  placing  on  a pendulum  or  balance 
of  a time-keeper  a coil  of  wire,  and  in  fixing 
another  coil  in  the  neighbourhood.  One  of  these 
coils  is  of  high  resistance,  and  connects  tlie  extre- 
mities of  the  circuit  whose  energy  it  is  wished  to 
record.  Through  the  other  circuit  the  main  current 
passes,  and  the  coils  are  so  placed,  that,  in  the  ab- 
sence of  gravity  or  springs,  the  attractions  and 
repulsions  between  them  would  cause  a very  slow 
vibration  of  the  regulator.  The  effect  of  this  ar- 
I’angement  is  to  shorten  or  (p-iicken  the  timekeeping, 


and  this  variation,  under  these  conditions,  is  propor- 
tional to  the  total  energy  given  to  the  circuit  in 
any  time. 

*2,643. — H.  Woodward,  London.  Secondary 
Batteries,  &c.  2d.  June  6. 

Secondary  Batteries.— The  box,  or  case,  is  of 
any  suitable  shape  (preferably  in  the  shape  of  a 
beehive,  or  dome,  or  bridge),  the  sides,  top,  and 
bottom  being  corrugated  or  fluted.  The  electrodes 
are  placed  inside,  and  are  built  up  of  plates,  sheets, 
or  strips  of  lead,  or  other  metal,  also  corrugated  or 
fluted,  and  they  may  be  formed  with  projections 
or  knobs.  The  box  or  case  is  placed  in  a shallow 
trough  containing  suitable  liquid,  cotton  wick 
being  placed  between  the  plates  entering  the  liquid 
to  keep  them  moist.  The  generator  and  motive 
power  engine  are  fixed  to  a frame  that  can  be  drawn 
from  place  to  place. 

2,644.  — L.  Varicas,  London.  (G.  Richard- 
son, Philadelphia,  U.S.A.)  Underground 
Electrical  Conductors.  lOd.  (34  figs.) 
June  6. 

Conductors. — The  bare  conductors  are  encased 
directly  in  hydraulic  cement.  In  laying  a row  of 
eonductors,  a wooden  board,  having  a wave-like 
contour,  is  embedded  in  the  bottom  of  a trench, 
so  as  to  be  flush  therewith,  its  width  being  less 
than  the  width  of  the  foundation,  but  reaching 
to  the  edge  thereof.  The  foundation,  which  may 
consist  of  brick  or  broken  stone  ground  with 
cement,  is  made  so  as  to  alternately  overlap  the 
inwardly  curved  portions  of  the  wooden  board,  and 
to  extend  over  the  adjacent  earth,  thus  leaving 
supports  at  intervals  should  the  board  rot.  The 
foundation  being  levelled,  the  bai-e  conductors  are 
stretched  over  it,  so  as  to  be  about  an  inch  from  the 
top  of  the  foundation,  and  hydraulic  cement  is 
then  poured  around  and  over  the  conductors,  and 
thoroughly  trowelled  to  make  it  solid.  When  the 
cement  has  set,  the  trench  is  filled  with  earth.  In 
order  to  provide  for  access  to  the  conductors, 
vertical  circular  tubes,  reaching  from  the  top  of 
the  cement  to  the  surface,  and  provided  with  covers 
or  caps,  may  be  employed,  the  conductors  being 
exposed  at  these  points,  where  they  ai'e  preferably 
bent  upwards,  and  galvanised  and  protected  by  some 
non-conducting  fluid.  In  some  cases,  the  conductors 
are  passed  over  a porous  block  resting  on  the  earth 
at  the  bottom  of  the  trench,  and  grooved  or  not  ; 
this  block  is  made  of  hydraulic  cement  mixed  with 
sand  or  gravel,  so  as  to  bo  porous  and  retain  more 
less  moisture,  and  it  serv'es  “ to  discharge  surplus 
electricity  due  to  atmospheric  or  earth  currents.” 
The  block  may  rest  on  the  cement  and  have  lateral 
projections  extending  into  the  earth.  In  order  to 
provide  for  additional  rows  of  conductors,  a shelf  is 
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formed  around  each  man-hole,  and  rests  upon  an 
extension  of  the  foundation,  the  second  row  being 
laid  around  instead  of  through  the  man-holes,  and 
being  provided  with  separate  man-holes.  In  con- 
structing pipes  for  the  accommodation  of  insulated 
conductors,  the  flues  of  the  pipes  are  made  taper- 
ing, and  the  larger  end  of  each  flue  abuts  and 
encircles  the  smaller  end  of  the  flue  of  the  next 
adjacent  pipe,  the  conductors  being  drawn  through 
from  the  larger  to  the  narrower  end.  In  laying 
single  flue  pipes,  they  are  preferably  square  (with 
round  flues),  so  that  a second  can  be  laid  above 
the  first,  the  pipes  of  one  row  breaking  joint  with 
those  of  the  other.  Each  pipe  has  a socket  at  the 
larger  end,  and  a tenon  at  the  smaller  end.  Pipes 
having  a number  of  flues  are  preferably  cylindrical, 
and  are  connected  together  by  short  couplings  of 
somewhat  larger  diameter,  an  annular  recess  being 
formed  in  each  end  of  the  coupling,  and  the 
central  web  being  flat  or  concave  with  the  rim  of 
the  coupling  projecting  beyond  this  part.  The 
pipes  have  a rim  at  each  end,  to  fit  the  annular 
recess,  and  a central  web,  either  flat  or  convex,  to 
fit  the  web  of  the  coupling.  The  flat  surfaces 
should  have  a layer  of  cement  spread  over  them. 
The  inner  side  of  the  rim  of  the  coupling  is 
bevelled,  and  the  pipes  are  constructed  with  soles, 
so  as  to  make  the  bottom  side  flush  with  the  coup- 
ling. To  enable  a circular  group  of  conductors  to 
pass  an  obstruction,  the  couplings  are  constructed 
at  one  end  to  fit  the  pipes,  and  are  flattened 
towards  the  other  end  to  the  required  width  for 
ranging  the  flues  in  a row.  Suitable  man-holes 
are  pi'ovided  at  intervals.  In  another  method  of 
laying  and  insulating  conductors,  the  conductors 
are  drawn  through  pipes,  preferably  of  carbonised 
stone  cement,  vaults  being  constructed  at  suitable 
intervals  and  provided  with  as  many  man-holes  as 
groups  of  conductors  can  be  laid  in  the  conduit. 
The  conductors  are  carried  by  a lateral  arch  into 
the  man-hole,  and  are  passed  upwards  over  a 
transverse  block  (of  porous  material  capable  of 
conducting  away  the  surplus  electricity),  back 
through  the  arch  to  the  next  section  of  the  con- 
duit. The  conductors  are  stretched  so  as  to  hold 
them  about  an  inch  from  the  bottom  of  the  con- 
duit, and  hydraulic  cement  in  a plastic  condition 
is  introduced.  This  is  preferably  effected  by  means 
of  sectional  troughs,  run  into  the  conduit  from  each 
end  until  they  meet  at  the  centre.  An  endless 
belt,  arranged  in  each  sectional  trough,  and  con- 
structed with  transverse  paddles,  is  driven  by 
suitable  means,  and  as  the  troughs  are  gradually 
withdrawn  the  plastic  cement  is  fed  into  the 
conduit  and  distributed.  Three  blocks,  “ swivel- 
ingly  connected,”  are  then  drawn  through  the 
section ; the  first  is  comparatively  light,  and  is’pro- 
vided  with  scrapers  at  its  end  to  scrape  the  sides 


and  top  of  the  conduit,  and  serves  to  smooth  the 
surface  of  the  cement  ; the  second  block  is  much 
heavier,  and  is  provided  with  a series  of  trowels  at 
the  bottom  (a  space  being  left  between  the  bottom 
and  the  trowels  about  equal  to  the  thickness  of 
the  coat  of  cement  required  above  the  conductors)  ; 
a lateral  notch  is  cut  in  each  trowel  near  where  it 
is  joined  to  the  block,  and  each  conductor  passes 
into  the  notch  of  a corresponding  trowel,  the 
trowels  lifting  them  slightly  and  serving  to  com- 
pact the  cement  under  them  ; the  third  block  is 
made  heavy  and  serves  to  smooth  the  surface  of  the 
cement.  The  forward  end  of  each  block  is  suitably 
bevelled.  This  method  of  insulation  is  continued  in 
the  vault,  and  the  corresponding  man-hole  is  filled 
up  with  a suitable  removable  insulating  material. 
The  second  group  of  conductors  is  then  laid  and 
insulated  in  a similar  manner.  In  supplying  build- 
ings with  electricity,  the  branch  conduit  is  com- 
posed of  pipes  erected  to  reach  the  highest  point 
of  the  building,  and  the  conductors  branch  off 
laterally  at  the  desired  points,  these  branches  only 
being  exposed.  The  conductors  are  stretched, 
whilst  being  insulated,  by  means  of  a sliding  sash 
provided  with  a series  of  fixed  clamps,  constructed 
so  that  they  can  grasp  a conductor  sideways  at 
any  point  of  its  length.  The  sliding  sash  is 
operated  by  screws  working  in  nuts  fixed  to  the 
sash.  In  order  to  be  able  to  stretch  any  particular 
conductor,  after  the  conductors  have  been  stretched 
collectively,  a series  of  similar  movable  clamps 
are  arranged  on  the  sash,  and  in  line  with  the  fixed 
clamps  ; or  one  laterally  adjustable  clamp  may  be 
employed.  These  clamps  terminate  in  a screw 
threaded  rod,  on  which  is  a nut,  constructed  with 
ratchet  teeth,  and  operated  by  a hand  lever  and 
pawl. 

2,654. — R.  J.  Hatton,  Stratford,  Essex,  and  A. 

L.  Paul,  London.  Electric  Lamps.  6d. 

(7  figs.)  June  6. 

Arc  Lamps. — In  Fig.  1 the  upper  carbon-holder 
is  geared  with  a pinion  c,,  carried  by  a lever  which 
is  pivotted  at  oh  The  end  of  the  long  arm  of  the 
lever  carries  the  spring  pawl  i,  and  is  connected 
through  link  with  the  solenoid  core  f.  Upon 
the  axis  of  the  pinion  c'  is  fixed  a ratcliet  wheel, 
which,  when  the  coil  (j  is  excited,  is  rotateil 
by  the  downward  movement  of  the  pawl,  and 
causes  the  upper  carbon-holder  to  rise  and  estab- 
lish the  arc.  When  the  current  becomes  weak- 
ened by  an  increasing  length  of  arc,  the  re- 
coil spring  k lifts  the  pawl  out  of  gear  with  the 
ratchet  wheel,  and  the  carbon-holder  descends.  A 
train  of  wheels  and  a fly  regulate  the  speed  of  the 
descending  carbon.  Fig.  2 shows  a modification  of 
the  arrangement,  in  which  the  solenoid  is  replaced 
by  an  electro-magnet,  and  the  lamp  is  made  focus- 
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keeping,  by  attaching  the  lower  carbon  to  a rack 
gearing  with  a smaller  pinion  placed  upon  the  same 
axis  as  the  pinion  c'.  The  lever  e may  be  dispensed 
with,  the  pinion  c'  and  ratchet  wheel  d being  fixed, 
and  the  spring  pawl  i being  attached  directly  to 


the  solenoid  core.  The  ratchet  and  pawl  may  be 
replaced  by  various  forms  of  brake  wheels  and 
straps,  the  strap  being  first  caused,  by  the  solenoid 
or  magnet,  to  grip  the  brake  wheel,  and  then  to 
slightly  rotate  it  to  form  the  arc. 

2,658. — A.  Muirhead,  London.  Secondary 
Batteries.  4d.  June  6. 

SECOND.4RY  Batteeies. — The  formation  of  the 
active  surfaces  of  the  plates  is  effected  by  decom- 
posing, electrically,  a solution  containing  lead,  whilst 
the  solution  is  flowing  in  a stream  past  the  plates. 
A metallic  deposit  is  preferably  obtained  on  all  the 
plates  in  the  first  instance.  The  plates  are  con- 
nected to  one  pole  of  a generator,  and  are  arranged 
witliin  a vat  against  its  two  opposite  sides,  and  on 
opposite  sides  of  a large  plate  connected  to  the  other 
pole.  A stream  of  the  electrolytic  liquid,  prefer- 
ably protoxide  of  lead  (Pb  0)  dissolved  in  caustic 
potash,  is  caused  to  flow  through  tlie  vat,  and  on  a 
current  being  passed,  metallic  lead  is  deposited  on 
the  plates.  The  plates  on  the  opposite  sides  of  the 
vat  are  then  disconnected  and  connected  to  the 
poles  of  the  generator,  “a  solution  of  sulphate  of 
lead  in  dilute  sulphuric  acid”  being  caused  to  flow 
through  the  vat.  The  cistern,  into  which  the  li(piid 
flows,  contains  oxide  of  lead  to  replenish  the  electro- 
lytic liquid,  anil  can  be  raised  so  as  to  cause  it  to  flow 
back  in  the  reverse  direction  through  the  vat.  The 
provisional  specification  states  that  a small  quantity 
of  phosphoric  or  tartaric  acid  may  be  added  to  the 
liquid,  to  increase  the  coherency  of  the  precipitated 
lead. 

*2,659. — W.  B.  Brain,  Cindcrford,  Gloucester- 
shire.  Primary  and  Secondary  Batteries. 
2d.  June  (J. 

Secon1).\ky  Battekie.s. — The  electrodes  described 
in  the  Provisional  Specification  No.  1,. 548  of  1882, 
or  lead,  or  lead  oxide,  or  other  oxide,  or  chloride. 


taken  from  an  electrolytic  bath,  are  subjected  to 
a considerable  pressure,  and  pressed  into  a body  of 
great  solidity  and  density.  The  primary  charging 
may  be  in  dilute  sulphuric  acid,  with  or  without 
chloroform,  turpentine,  alcoholic  liquids,  enchlorine, 
or  chloride  of  ammonia.  Plug  switch  or  shunt  ap- 
i pliances  are  used  with  batteries  formed  of  these 
plates,  by  which  they  can  be  coupled  up  so  as  to 
I vary  the  electromotive  force,  while  drawing  from 
each  cell  the  same  quantity  of  current  at  the  same 
time.  The  contacts  may  be  solid  or  liquid,  such  as 
mercury,  the  surface  of  which  is  protected  from  the 
atmosphere. 

2.660.  — J.  Wetter,  London.  ( IP.  Stanley,  Beryeti, 
N.J.,  U.S.A.)  Carbon  Burners  for  Elec- 
tric Lamps.  4d.  June  7. 

C.'VRBOXS. — Carbon  filaments  for  incandescence 
lamps  are  made  from  the  hair  of  various  animals. 
Human  hair  is  considered  to  be  the  most  suit- 
able, and  especially  that  of  Chinamen,  as  being 
coarser,  straighter,  and  more  uniform  in  section, 
than  that  of  other  races.  The  greasy  and  fatty 
matter  is  removed  by  treatment  with  alkalies,  or 
weak  acids,  or  by  heat.  The  filaments  are  then 
dried  upon  a straight  smooth  surface  under  a slight 
tension,  in  order  to  prevent  them  from  buckling 
during  the  operation  of  carbonisation.  After  drying 
they  are  placed  in  suitable  moulds,  provided  with 
grooves,  in  which  the  hair  is  brought  into  the 
desired  form,  and  are  then  carbonised  in  the  ordi- 
' nary  way. 

2.661. — J.  Blyth,  Glasgow,  and  D.  B.  Peebles, 
Edinburgh.  Producing  and  Measuring 
Electric  Currents,  fid.  (6  figs.)  June  7. 

Dynamo-Electric  Gener.\tor.— This  is  an  an- 
nulararmature  generator,  with  separate  externaland 
internal  field  magnets.  The  construction  is  clearly 
] shown  by  Figs.  1 and  2.  Upon  the  armature  shaft 
11  is  a gun-metal  disc  15,  with  a cylindrical  exten- 
! sion  Ifi,  to  which  is  attached  the  armature  core  17 
(consisting  preferably  of  iron  wire)  by  the  links  18,  in 
the  manner  shown.  In  the  spaces  between  tlie  links 
coils  of  insulated  wire  are  wound  upon  the  iron 
' wire  core,  one  of  them  being  indicated  in  section 
at  19,  Fig.  2.  The  external  field  magnets  9,  10, 
have  pole-pieces  20,  between  which,  and  the  corre- 
sponding pole-pieces  28  of  the  internal  magnets,  the 
armature  coils  are  caused  to  revolve.  Ihe  ends  of 
the  internal  magnets  are  supported  by  an  iron  disc 
24,  in  the  centre  of  which  is  a brass  bush  within 
which  the  shaft  revolves.  In  a modification,  the 
j internal  magnets  take  an  H form,  with  a central 
j tubular  boss  carried  loosely  by  the  shaft,  the  parts 
between  the  boss  and  pole  pieces  being  wound  with 
tlie  magnetising  coils  ; the  boss  is  kept  from  revolv- 
ing upon  the  shaft  by  a convenient  form  of  stop. 
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Current  ^Ieter, — The  current  measuring  appa- 
ratus, Fig.  3,  comprises  an  inverted  glass  vessel  27, 
through  the  plug  in  which  are  inserted  two  inverted 
syphons  28,  29,  the  former  for  maintaining  a supply 
of  acidulated  water  in  the  vessel,  and  the  latter 
communicating  with  a gas  meter  31.  Immersed  in 
the  acidulated  water  are  two  platinum  electrodes, 
formed  of  corrugated  plates,  and  these  are  part  of 
a high  resistance  shunt  to  the  main  circuit,  the 
resistance  of  which  bears  a definite  relation  to 
that  part  of  the  main  circuit  which  is  shunted, 
and  thus  the  gas  evolved  in  the  vessel  will  also 


bear  a definite  relation  to  the  total  current  flow- 
ing. This  gas,  as  it  is  formed,  passes  through  the 
meter,  from  the  indications  of  which  the  strength  of 
the  current  can  be  found.  The  water  in  the  vessel  27 
is  slightly  acidulated,  and  a small  hydrometer,  or 
specific  gravity  bead,  indicates  the  acidity.  For 
keeping  a sufficiently  constant  level  of  water  in  the 
meter,  any  suitable  contrivance  may  be  adopted,  or 
a hydro-carbon,  or  other  oil  of  a non-volatile  cha- 
racter, may  be  used  instead  of  water.  The  oxygen 
and  hydrogen  evolved  may  be  kept  separate,  and 
they  may  be  passed  through  separate  drums  on  the 
same  axle,  one  drum  being  twice  the  size  of  the 
other ; or  one  only  of  the  gases  may  be  measured. 

*2,674. — E.  De  Pass,  London.  [J.Glohcr,  Paris.) 

Electric  Lamps.  4d.  June  7. 

Arc  Lamps. — Two  solenoids  are  employed,  whose 
“casings”  resemble  “ the  frame  carrying  the  wire 
of  a multiplying  galvanometer.”  The  outside  of 
the  casing  is  covered  with  several  coils  of  wire,  and 
within  it  moves  an  iron  bar,  or  plate,  mounted  on  an 
arbor  which  carries  a piece  of  soft  iron,  or  arma- 
ture, fixed  almost  normally  to  the  bar  or  plate. 


To  one  end  of  the  armature  is  attached  a spring 
(for  maintaining  it  in  position),  whose  other  end 
abuts  against  a screw  for  regulating  its  tension  ; or 
the  spring  may  be  dispensed  with.  The  inner  end 
of  tlie  armature  is  fitted  in  a frame,  covered  at  the 
top  and  bottom  by  coils  forming  two  other  solenoids, 
the  four  solenoids  being  connected  in  one  circuit 
so  “as  to  have  the  same  pole  at  a suitable  point.” 
The  stem  of  the  upper  carbon-holder  passes  within 
the  second  pair  of  solenoids,  and  a spring,  pressing 
against  it,  retards  its  descent,  and  conveys  the  cur- 
rent to  it.  On  the  current  being  passed,  the  bar  or 
plate  tends  to  assume  a position  perpendicular  to 
the  coils  of  the  first-mentioned  solenoids,  and  the 
armature  describes  an  arc  of  a circle,  until,  entering 
the  field  of  the  stem  of  the  upper  carbon-holder, 
which  is  magnetised  by  the  current,  it  adheres  to 
the  stem,  and  continuing  its  movement,  raises  the 
upper  carbon  and  strikes  the  arc.  In  a modifica- 
tion, instead  of  the  second  solenoids  and  armature, 
two  electro-magnets  are  mounted  directly  on  the 
arbor.  An  arm,  abutting  against  a stop,  determines 
the  extent  of  motion  of  the  magnets  and  their 
armatures,  and  is  attached  to  one  end  of  a spring. 
A disc,  serving  as  the  armature,  carries  a socket, 
through  which  passes  an  arbor  supporting  a roller, 
forcing  the  upper  carbon  against  a second  roller 
pressed  against  the  carbon  by  a spring.  On  the 
passage  of  the  current,  the  bar  tends  to  assume  a 
position  perpendicular  to  the  coils  of  the  solenoids, 
and  the  electro-magnets  attract  their  armature, 
thereby  causing  the  rollers  to  raise  the  upper 
carbon-holder. 

2,676. — A.  M.  Clark,  London.  (J.  AI.  A.  Gerard- 
Lesciiyer,  Paris.)  Preparing  Electrodes  for 
Secondary  Batteries.  4d.  June  7. 

Secondary  Batteries.  — The  pair  of  plates  to 
form  the  battery  are  connected  to  the  positive  pole 
of  a generator,  and  immersed  in  an  alkaline  solu- 
tion of  a suitable  metallic  salt  (such  as  a manganate, 
ferrate,  alkaline  chromate,  zincate,  stanuate,  auti- 
moniate,  but  preferably  plumbate  or  plumbite, 
prepared  by  dissolving  massicot  or  litharge  (Pb  0) 
in  a boiling  alkaline  lye),  contained  in  a vessel,  the 
sides  of  which  preferably  constitute  the  negative 
pole.  If  the  solution  is  at  a temperature  between 
15  deg.  and  70  deg.  Cent.,  minium  (Pbs  O4)  is 
formed  on  the  plates,  and  plumbic  acid  (Pb  Oj)  if 
the  temperature  falls  below  15  deg.  Cent. ; the  hot 
method  is  the  most  rapid.  When  the  coating  of 
oxide  is  sufficient,  the  plates  are  withdrawn  and 
washed,  and  are  immersed  in  acidulated  water  and 
charged  in  the  usual  way.  Iron,  copper,  or  other 
metals,  or  carbon,  gilt  or  platinised,  if  necessary,  in 
the  form  of  plates,  sticks,  granules,  or  gauze,  may 
be  coated  in  a similar  manner  with  spongy  metallic 
lead,  or  with  oxide  of  lead.  The  plates  may  be 
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rolled  up  in  spiral  form,  and  separated  by  wood, 
caoutclioue,  or  felt. 

2,686. — M.  A.  Wier,  London.  Electric  Lamps. 
2d.  .Tune  8. 

Arc  L.iiiPS. — A small  magneto,  or  dynamo-elec- 
tric or  other  motor,  rotates  the  electrodes  at  great 
speed.  The  weight  of  the  carbons  and  holders 
may  be  taken  off  their  pivots  by  the  attraction  of 
an  electro-magnet.  One,  or  both  electrodes,  may 
be  made  to  revoh  e,  or  a central  electrode  may  have 
others  placed  round  it,  and  either  it,  or  they,  may 
be  arranged  to  work  in  pairs  alternately,  the  rota- 
tion causing  the  current  to  be  made  and  broken  by 
means  of  a suitable  commutator  and  springs. 

*2,688. — C.  G.  Gumpel,  London.  Voltaic 
Batteries.  2d.  .Tune  8. 

Second.AlRY  B.\tteries. — The  plates,  of  metal, 
carbon,  or  other  material,  are  made  in  the  form  of 
discs,  and  are  placed  in  proper  order  in  a caout- 
chouc tube,  rings  of  vulcanite  or  other  suitable 
substance  being  interposed  between  the  pairs  of 
discs,  so  as  to  form  spaces  for  the  exciting  substance, 
and  i^revent  the  discs  being  pressed  together. 

2,694.  — W.  R.  Lake,  London.  (E.  Weston, 
Newark,  N.J.,  U.S.A.)  Dynamo  or  Mag- 
neto - Electric  Machines.  6d.  (5  figs.) 

June  8. 

Dynamo-Electric  Generators.- — The  armatures 
heretofore  constructed  by  the  inventor  are  succes- 
sively wound  with  two  systems  of  coils,  one  over- 
lying  the  other,  each  system  being  wound  in  dia- 
metrically separate  divisions,  and  each  division,  or 
coil,  being  connected  to  the  adjoining  division  by 
a loop  from  which  connection  is  made  to  one  of  the 
commutator  bars  ; or  each  system  of  coils  is  wound 
upon  itself,  so  that  the  two  systems  lie  alongside 
of  each  other  in  the  divisions  of  the  armature,  and 
equidistant  from  the  centre  of  the  same.  By  this 
latter  arrangement,  the  two  coils  of  each  armature 
division  are  practically  of  the  same  length.  Ac- 
cording to  the  present  invention,  the  several  divi- 
sions of  the  two  systems  of  coils  are  alternately 
superposed.  The  armature  core  is  preferably  com- 
posed of  a number  of  plates  or  discs  of  magnetic 
metal,  mounted  on  a shaft,  and  held  at  short 
distances  apart  liy  collars  or  rings  of  insulating 
material  of  considerably  less  diameter  than  the 
discs.  The  cylinder,  when  built  up,  is  provided 
with  longitudinal  grooves,  or  recesses,  in  which 
the  coils  are  wound.  Referring  to  Fig.  1 , in  any 
two  diametrically  opposite  recesses  of  the  arma- 
ture an  insulated  conductor  is  wound,  until  one- 
fourth  of  the  recess  is  filled  with  a coil  a,  the  two 
ends  of  which  are  temporarily  secured.  The  arma- 
ture is  then  turned  half  round,  and  the  coil  b is 


wound  upon  the  coil  a.  When  the  same  number  of 
layers  is  reached,  a loop  is  formed,  and  the  wind- 
ing is  continued  alongside  of  the  coil  a,  until  the 
coil  c is  formed.  The  wire  is  then  cut  off,  fonn- 
ing  a free  end,  which  is  temporarily  secured.  The 
armature  is  then  turned  back,  and  the  coils  d and  e 
wound  in  a similar  manner ; these  operations  are 
repeated  until  all  the  recesses  are  filled,  each  with 
four  coils.  The  free  ends  left  after  completing 
the  winding  are  joined  to  form  a continuous  con- 
ductor, and  from  the  loops  so  formed,  and  those 
originally  existing,  connection  is  made  to  the  com- 
mutator. In  another  armature,  suitable  for  cur- 
rents of  great  quantity,  the  core  is  wound  with 
a double  system  of  continuous  coils  in  separate 
Fig.  1. 


recesses.  Heretofore  loops  have  been  taken  to 
the  commutator  only  at  the  junction  of  each  coil 
with  the  next  coil,  there  being  one  loop  to  each 
armature  division.  According  to  the  present  in- 
vention, two  loops  are  taken  off,  one  at  the  junc- 
tions between  the  several  coils,  and  the  other  from 
the  middle  of  each  coil,  each  coil  being  formed 
with  an  odd  number  of  turns,  so  that  the  loops  of 
each  coil  will  be  at  diametrically  opposite  points 
of  the  armature,  as  clearly  shown  at  n and  o.  Fig.  2. 
These  two  loops  are  respectively  connected  to  sepa- 
rate commutators  at  either  end  of  the  armature, 
the  brushes  of  which  are  connected  in  multiple 
arc,  or  in  series,  as  required.  When  heavy  con- 
ductors are  employed,  instead  of  winding  them 
back  on  themselves,  they  are  cut,  and  the  coils 
formed  successively  and  separately. 

2,701.— A.  R.  Leask,  London.  Exhausting  Ap- 
paratus. Od.  (Cfigs. ) June!). 

Incande.scence  Lami’.s. — This  invention  refers 
mainly  to  a vacuum  pump.  The  framework  is 
constructed  of  wood,  braced  by  cross-bars,  some 
of  which  are  made  hollow  to  enclose  conductors 
from  a generator.  Several  pumps  arc  attached 
to  the  front  and  back  of  the  framework.  The 
pumps  each  consist  of  a large  bulb,  connected 
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directly  by  a flexible  tube  to  the  bottom  of  the 
pump  bulb,  which  is  supported  upon  brackets. 
A small  pipe  extends  laterally  from  the  neck  of  the 
pump  bulb,  and  then  rises  vertically  to  the  height 
of  the  centre  of  a smaller  bulb  connected  by  a neck 
to  the  pump  bulb.  This  pipe  communicates  through 
a syphon  tube  to  a tube  of  larger  diameter,  arranged 
below  the  small  bulb,  and  to  which  are  attached, 
by  small  necks,  the  bulbs  to  be  exhausted.  The 
syphon  is  connected  to  the  small  pipe  by  an  ordi- 
nary mercury  seal.  The  neck  between  the  pump 
bulb  and  the  small  bulb  is  fitted  with  a ground- 
glass  stopper.  To  work  the  pump,  the  large  bulb  is 
hung  up,  the  stopper  removed,  and  mercury  poured 
in  until  it  reaches  the  middle  of  the  small  bulb  ; the 
stopper  is  then  inserted,  and  the  large  bulb  is 
lowered,  when  the  mercury  recedes  from,  and  leaves 
a more  or  less  perfect  vacuum  in  the  pump  bulb, 
and  air  from  the  bulbs  to  be  exhausted  rushes  in; 
the  large  bulb  is  then  raised,  and  the  mercury  rises 
in  the  pump  bulb  and  cuts  off  the  return  of  the  air, 
and  the  stopper  is  removed  to  allow  it  to  escape, 
the  same  operation  being  repeated  as  often  as  neces- 
sary. The  syphon  tubes  are  carried  up  to  a suffi- 
cient height  to  prevent  the  mercury  passing  over 
the  bend,  and  are  secured  to  the  frame  by  clips, 
slits  in  which  fit  over  screws  or  projections  on  the 
frame,  so  that  the  clips  can  readily  be  removed. 
These  tubes  may  be  made  of  iron,  but  preferably 
the  shorter  leg  is  of  glass,  so  that  the  height  of  the 
mercury  can  be  seen.  The  lamp  is  held  during 
exhaustion  in  a divided  clip  of  spring  wire,  held  to- 
gether by  a movable  sleeve.  The  connections  from 
the  generator  to  the  lamps  are  made  by  branch 
conductors  leading  from  the  main  conductors,  which 
are  enclosed  in  hollow  cross-bars.  A switch  is  pro- 
vided in  the  main  conductor. 


2,712. — W.  R.  Lake,  London.  (F.  Krizik  and 

L.  Piette,  Pilsen,  Austria.)  Electric  Lamps. 

6d.  (2  figs.)  June  9. 

Arc  Lamp.s. — The  regulation  of  the  arc  is  con- 
trolled by  the  attraction  of  a solenoid  upon  a 
long  tapering  core  C,  the  lower  extremity  of  which 
serves  as  the  holder  for  the  upper  carbon  K,  the 
weight  of  the  latter  and  the  core  being  partly 
counterbalanced  by  that  of  the  lower  carbon  and  its 
support,  as  shown,  by  means  of  cords  attached  to 
the  lower  part  of  a brass  tube  guided  by  rollers, 
carrying  the  upper  carbon-holder,  and  having 
within  it  the  taper  iron  core  ; the  lower  carbon  is 
carried  by  a frame,  suspended  from  cords  which 
pass  over  suitable  pulleys.  In  order  to  increase 
the  delicacy  of  the  action  of  the  solenoid,  its  coil  is 
wound,  step  by  step,  in  increasing  diameter  upwards, 
as  represented  at  Z,  Fig.  2,  and  the  spaces  formed 


by  the  steps  are  wound  with  an  opposing  coil  Y,  of 


high  resistance,  placed  in  a shunt  to  the  Tamp 
circuit. 

2.722.  — A.  P.  Price,  London.  Secondary 
Batteries.  2d.  June  9. 

Secondary  Batteries. — -The  leaden  electrodes 
(both  or  either  of  them)  are  encased,  enveloped, 
enclosed,  or  otherwise  protected  by,  or  in,  spongy 
india-rubber,  or  india-rubber  sponge.  The  spongy 
india-rubber  may  be  utilised  as  a buffer  between 
the  elements. 

2.723.  — C.  G.  Gumpel,  London.  Electric 
Lamps.  6d.  (5  figs.)  June  9. 

Arc  Lamps. — The  upper  carbon-holder  passes 
freely  through  the  centre  of  the  main  solenoid  B, 
and  is  attached  to  a guided  frame.  The  holder, 
frame,  and  carbon  are  partly  counterbalanced  by 
a weight  (shown  as  surrounding  the  holder),  con- 
nected to  it  by  cords  passing  over  pulleys.  A 
light  non-magnetic  tube  D,  carrying  the  sliding 
frame  d,  with  the  rollers  c and  f,  slides  freely  within 
the  solenoid  B and  around  the  hollow  core  G.  The 
roller  e is  pivotted  upon  one  arm  of  a bell-crank 
supported  by  the  sliding  frame,  the  other  arm 
being  jointed  to  the  solenoid  core.  Upon  the  axis 
of  the  roller  J\  which  is  mounted  in  the  frame 
d,  is  fixed  a feed  wheel  F actuated  by  a pawl 
li,  or  ecpiivalent  device,  put  in  motion  by  the 
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core  H of  the  high  resistance  solenoid  K.  The 
coil  of  the  solenoid  B is  in  the  direct  lamp  circuit, 
and  when  its  core  is  attracted,  the  jockey  roller  e 
grips  the  carbon-holder,  lifting  the  frame  d and  the 
upper  carbon-holder,  and  forming  the  arc.  ^^dlen 
this  becomes  too  long  the  wheel  F is  turned  so  as 
to  feed  the  upper  carbon  down,  by  the  attraction 
of  the  solenoid  K upon  its  core.  The  travel  of  the 
frame  d downwards  is  limited  by  the  stops  h.  A 
spring  acts  as  a brake  to  the  feed  wheel  F.  In  a 
modification,  the  rollers  e and  f are  mounted  on 
a kind  of  toggle  joint  pivotted  to  the  frame  d,  and 


the  core  G is  divided  into  two  parts,  the  upper 
being  connected  to  the  tube  D,  and  the  two  parts 
being  attracted  towards  each  other.  In  another 
modification,  the  rollers  are  mounted  in  a toggle 
joint,  linked  to  a lever  carrying  the  armature  of  an 
electro-magnet  in  the  main  circuit.  The  feeding 
solenoid  may  have  below  it  a coil  in  the  main 
circuit,  or  a lever  carrying  the  armature  of  the 
main  electro-magnet  is  linked  to  a bell-crank,  which 
carries  one  gripping  roller  with  the  feed  wheel, 
and  is  pivotted  on  a frame  carrying  two  gripping 
rollers. 

2,734. — J.  Mathieson,  Stratford,  Essex.  Go- 
verning the  Feed  of  Electric  Arc  Lamps. 
6d.  (3  figs.)  .Tune  10. 

Arc  Lamps. — The  feature  of  novelty  consists  in 
the  means  for  cutting  out  the  shunt  electro-magnet 
without  breaking  the  circuit.  The  feed  of  the 
carbons  is  regulated  by  a train  of  wheels,  of  which 
the  last  member  is  a ratchet  wlieel.  A pawl 
upon  the  end  of  a lever  takes  into  this  wheel, 
and  when  depressed  stops  its  rotation.  Upon 
the  other  end  of  the  lever  is  the  armature  J\ 
situated  over  the  electro- magnet  F,  placed  in  a 
shunt  circuit  round  the  arc.  Tlie  same  lever  carries 
the  long  bracket  c-,  and  is  attached  to  a spring,  by 


which  it  is  raised  in  opposition  to  the  pull  of  the 
magnet.  When  the  parts  are  in  the  position  shown, 
the  shunt  current  passes  from  the  armature  lever 
through  the  coils  of  the  magnet  F,  and,  by  the  con- 
tact piece  G,  through  the  resistance  coil  H ; but  as 
soon  as  the  power  of  the  magnet  becomes  sufficient  to 
draw  down  the  armature,  a new  path  is  opened  for 
the  current  through  the  armature  lever,  down  the 


bracket  to  the  contact  piece  G,  and  thus  the 
magnet  momentarily  loses  its  power,  the  lever  rises, 
thrusting  the  detent  in  the  path  of  the  ratchet 
wheel,  and  stopping  the  carbons.  The  armature  is 
again  attracted,  and  the  process  of  alternately 
stopping  and  permitting  the  feed  of  the  carbons 
continued  until  equilibrium  is  effected  between 
the  main  and  shunt  circuit,  and  tlie  armature 
stands  clear  of  the  contact  piece. 

*2,740. — G.  Zanni,  London.  Electric  Lamps. 
‘2d.  .June  10. 

Semi-Incande.scence  Lamp. — The  positive  elec- 
trode is  formed  of  two  or  more  rods  mounted  in  the 
same  holder,  which  touch,  or  nearly  touch,  each 
other,  and  are  fed  into  contact  with  the  negative 
electrode  by  means  of  weights.  The  negative 
electrode  may  consist  of  a disc,  roil,  or  block  of 
carbon,  copper,  magnesium,  or  lime. 

2,741. — G.  Zanni,  London.  Illuminating  Con- 
ductors for  Incandescent  Electric  Lamps. 
4d.  .June  10. 

Electrode.s.  — Low  resistance  filaments  arc 
made  from  a combination  of  carbonised  material 
with  platinum,  iridium,  or  a similar  metal.  By 
one  method,  a film  of  metal  is  deposited,  cither  by 
electricity  or  from  a solution,  upon  a carbonised 
thread,  and  the  filament  thus  formed  is  coated  with 
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carbon.  By  another  method,  a thin  metal  wire  is 
inserted  in  a tine  Tuscan  straw,  which  is  after- 
wards bent  to  the  shape  and  carbonised,  or  the 
metal  may  be  coated  with  carbon  by  means  of  gas, 
or  in  any  other  suitable  manner.  The  bulbs,  in  which 
these  filaments  are  mounted,  need  not  necessarily 
be  exhausted. 

2,744. — J.  Imray,  London.  {J.  J.  and  T.  J, 
McT'njhe,  PitUhnrgh,  U.S.A.)  Dynamo- 
Electric  Machines  and  Electric  Motors. 
6d.  (9  figs. ) .June  10. 

Dynamo-Electric  Generator.— The  armature 
is  wound  Gramme  fashion,  and  has  a length  about 
equal  to  its  diameter.  Its  core  is  composed  of  a 
number  of  rings  a a,  of  angular  or  rectangular  cross 
section,  each  with  a piece  about  the  width  of  a 
coil  cut  out  of  it.  The  rings  are  placed  to- 
gether to  form  a cylinder,  with  all  their  slots  in 
line,  and  the  coils,  previously  wound  on  a mould, 
are  slipped  through  the  opening  and  threaded, 
one  by  one,  on  the  core  until  it  is  filled,  as 
shown  in  Fig.  2.  The  rings  a are  then  worked 
round  until  no  two  of  the  openings  are  in  line,  but 
are  all  distributed  circumferentially  at  equal  inter- 
vals and  are  secured  by  bolts  e e,  passing  through 


them,  and  the  non-magnetic  end  pieces  B B.  The 
commutator  is  formed  of  a block  of  vulcanite  with 
metal  bars  i passed  through  it  endwise,  and  is 
afterwards  turned  down  to  an  even  face.  The 
bars  are  bent  up  at  their  inner  ends  for  connection 
with  the  wires,  and  are  clamped  in  position  by 
means  of  an  insulating  flange,  to  which  the  bent 
ends  are  secured  by  screws.  The  field  magnet  has 
only  one  coil  Q.  One  end  of  the  core  is  provided 
w'ith  a curved  pole-piece,  and  the  other  end  is  con- 
nected to  an  iron  flange  or  head,  forming  the  base 
of  an  iron  cylinder  surrounding  the  coils,  and  ex- 


tending upwardly  from  both  sides  to  a junction,  and 
terminating  in  the  curved  pole-piece  s. 

2,752. — ^J.  Lane,  London.  Electric  Lamps. 

6d.  (12  figs.)  .June  12. 

Incande.scence  Lamp.s. — In  this  lamp  the  globe 
a is  I’emovable,  the  filament  d with  its  connecting 
wires  h Id  being  carried  by  a plug  c,  between  which 
and  the  globe  is  a ring  or  collar  b making  an  air- 
tight joint.  The  plug  c is  sometimes  made  of  brass, 
or  other  good  conductor,  one  of  the  wires  h being 
carried  througli  it  in  an  insulating  tube.  Through 
c is  a passage  for  exhausting  purposes,  and  upon  a 
seat  in  this  passage  is  placed  the  valve  e,  which 
during  exhaustion  is  kept  open  by  an  electro- 
magnet controlled  by  a spring,  or  by  a spring  con- 
trolled by  an  electro-magnet.  In  the  former  case, 
when  the  proper  vacuum  is  reached,  the  current 
through  the  magnet  is  cut  off  when  the  spring 
closes  the  valve.  In  the  latter  case,  the  reverse 


action  takes  place.  A second  electro-magnet  may 
replace  the  spring.  After  the  valve  is  closed, 
cement  or  wax  is  run  into  the  sjiace  and  a plug  (j 
inserted,  by  which  the  lamp  may  be  attached  to  its 
bracket  or  holder.  A packing  of  compressible 
material  may  be  arranged  between  the  globe  and  the 
ring  h.  The  ring  h may  extend  around  the  neck  of 
the  globe  and  be  filled  with  a suitable  material  to 
render  the  lamp  air-tight.  In  another  lamp,  two  or 
more  conductors  are  carried  through  the  two  ends 
of  the  bulb,  one  end  having  a removable  plug. 
The  shape  of  the  bulb  may  be  hemispherical,  the 
filament  being  passed  in  from  the  side  and  in  a 
plane  parallel  with  the  base  of  the  hemisphere. 

2,755. — W.  Chadburn,  Liverpool.  Electric 
Lamps.  8d.  (10  figs.)  June  12. 

Arc  Lamp. — This  consists  principally  of  an  im- 
proved form  of  gripping  device.  Three  vertical 
levers  a of  the ' first  order  are  pivotted  at  a’ 
to  a ring  h,  suspended  by  adjustable  stops  c from 
the  top  plate  D.  The  lower  ends  of  the  levers 
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are  made  to  grip  the  carbon  when  the  upper 
ends  are  expanded  by  a cone  d,  which  is  moved 
by  the  primary  solenoid  E and  the  lever  F,  the 
other  end  of  which  is  connected  to  the  shunt  sole- 
noid. The  cores  of  the  solenoids  are  made  to 


act  as  dash  - pots,  being  hollow  and  filled  with 
li(juid  into  which  a stationary  piston  e dips.  When 
the  lamp  is  in  action,  the  position  of  the  lever  is 
regulated  by  the  differential  action  of  the  two  coils, 
the  grip  levers  being  forced  inwards  or  outwards 
according  to  the  state  of  the  arc. 

Dynamo  - Electric  Generator.  — The  field 
magnets  are  vertical  and  are  arranged  in  two 
pairs.  The  common  pole-piece  of  the  two  inner 
magnets  partly  encircles  the  upper  portion  of  the 
armature,  and  the  pole-piece  of  the  outer  magnets 
encircles  the  lower  part  of  the  armature  and  is 
mounted  on,  but  insulated'from,  the  base  of  the 
machine.  The  other  poles  of  the  magnets  on  either 
side  of  the  generator  are  connected  by  massive 
pieces  of  iron.  The  core  of  the  armature  is  com- 
posed of  a coil  of  iron  ribbons,  wound  round  at 
intervals  with  copper  wire,  and  forming  a spiral 
of  several  convolutions,  occupying  a space  equal 
to  the  width  of  the  poles.  The  connections  from 
tlie  copper  coils  of  the  armature  may  be  led  inside 
the  coils  of  the  spiral  to  the  commutator.  Tlie 
terminal  points  of  each  ring  of  the  iron  ribbon 
coil,  being  the  core,  are  magnetically  connected 
to  each  other  so  as  to  complete  the  circuit.  The 
spiral  coil  may  lie  on  a wooden  drum. 

2,756. — C.  G.  Gumpel,  London.  Voltaic 
Batteries,  fid.  (fi  figs.)  June  12. 

Secondary  Batteries. — These  batteries  are  con- 
structed so  as  to  be  portable.  The  electrodes  are 
in  the  form  of  discs,  with  interposed  insulating 


rings,  and  are  placed  within  a caoutchouc  tube, 
w'hich  embraces  them  with  sufficient  tightness  to 
prevent  leakage  between  the  cells.  Referring  to 
the  illustrations,  the  electrodes  A are  separated 
by  insulating  rings  and  are  enclosed  within  a tube. 
The  exciting  liquid  occupies  the  spaces  between  the 
plates.  The  whole  is  enclosed  in  a casing  fixed  in 
a socket  of  insulating  material.  This  battery  may 
be  combined  with  an  incandescence  lamp,  as  shown, 
the  lowest  plate  being  connected  through  the 
metal  framing  to  one  terminal,  and  the  highest 
plate  through  a switch  to  the  other  terminal.  The 
highest  plate  is  also  connected  to  a metal  plug 
Fig.  1. 


Fig.  2. 

passing  through  an  insulated  liole  in  the  framing, 
for  convenience  in  charging.  Fig.  2 shows  the 
plates  duplicated,  with  insulating  material  M 
between  each  pair  whicli  are  connected  together 
by  rivets.  In  this  arrangement,  the  electrodes  are 
brought  nearer  together,  and  the  caoutchouc  tube 
is  pressed  by  cords  or  wires  N into  grooves  in 
the  insulating  discs  M.  1'he  discs  M may  be  made 
with  rims  projected  upwards,  and  caoutchouc  rings 
may  be  placed  between  the  edge  of  the  rim  and  the 
bottom  of  the  next  higher  disc,  the  caoutchouc 
tube  being  dispensed  with,  and  the  casing  having  a 
screw  cap  for  forcing  the  plates  together. 

2,759.  H.  H.  Lake,  London.  [R.  R.  Moffatt, 
Brooklyn,  U.H.A.)  Electric  Lamps,  fid. 
(8  figs. ) June  12. 

Arc  Lamps. — The  upper  carbon  rod  C is  pro- 
vided with  a toothed  rack  1)',  gearing  with  a chain 
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of  wheels,  the  last  member  of  which  is  the  ratchet 
wheel  1)''.  Tile  pawl  E is  pivotted  to  a standard 
erected  on  one  of  the  levers  E-,  which  are  at  one 
end  pivotted  to  the  frame,  and  at  the  other  end  carry 
the  armature  F’  of  a shunt  magnet  F.  The  move- 
ment of  this  armature  is  resisted  by  a spring  F^, 
the  tension  of  wliich  is  adjustable.  The  armature 
of  the  main  magnet  G is  mounted  on  two  levers  G-, 
which  are  arranged  between  the  levers  F-,  and  are 
similarly  pivotted  to  the  case.  These  levers  are 
united  at  their  free  ends,  and  the  carbon-holder 
passes  between  them.  A catch  F-*,  consisting  of  a 
bell-crank  lever  pivotted  at  one  end  to  a rod  h,  which 
extends  between  the  levers  F^,  is  arranged  so  that 
its  angular  portion  can  act  upon  the  carbon  rod. 
The  other  end  is  acted  upon  by  the  spring  c.  This 
catch  serves  to  maintain  the  carbon  rod  in  any 
position  to  which  it  may  be  adjusted,  but  its  grip 
is  not  sufficiently  strong  to  prevent  it  being  forced 
down  by  the  pawl  E and  train  of  wheels.  When 
the  electro-magnet  G attracts  the  armature  G', 
this  catch  raises  the  rod  and  establishes  the  arc. 
When  the  magnet  loses  its  power,  the  tail  of  the 


catch  meets  the  stop  H,  and  the  other  end  is  lifted 
clear  of  the  rod,  which  then  descends.  The  con- 
nection to  the  shunt  magnet  is  through  a movable 
lever  L.  When  the  lever  F-  rises  to  the  top  of 
its  stroke,  it  breaks  this  connection  and  demag- 
netises the  magnet  ; the  armature  then  descends, 
and  at  the  end  of  its  descent  completes  the  con- 
nection, and  so  on.  A projection  on  the  lever  G^ 
may  work  between  two  stops  on  the  lever  L,  or 
the  lever  L may  be  provided  with  a spring  contact. 
If  a carbon  breaks,  the  lever  G^  falls  on  the  contact 
M,  and  short-circuits  the  lamp  through  a resistance 
equal  to  the  arc.  If  the  carbon  should  again  come 
in  contact,  the  lever  G^  is  attracted,  and  the  cut- 
out circuit  opened.  In  a modification,  the  levers 
G^  are  arranged  to  lift  a sliding  frame  carrying  a 
pinion  engaging  with  the  rack  and  a ratchet  wheel, 
on  the  same  axis  as  the  pinion.  An  escapement  on 
one  of  the  levers  G^  controls  the  rotation  of  the 
ratchet  wheel,  and  is  connected  by  an  arm  to  the 
lever  F^.  The  action  of  this  lamp  is  similar  to  that 
already  described. 

*2,760. — H.  H.  Lake,  London.  (J.  G.  Richard, 
Paris.)  Posts  or  Supports  for  Telegraph 
Wires,  &c.  2d.  June  12. 


IxsuLATORS. — The  lower  part  of  the  post  is 
coated  with  india-rubber,  or  enclosed  in  fabrics 
impregnated  with  greasy  and  isolating  substances  ; 
or  preferably,  the  lower  parts  of  the  posts  are 
inserted  in  impermeable  stone  sockets,  and  fixed 
therein  by  hydraulic  cement,  lead,  &c. 

*2,763. — D.  G.  Fitz-Gerald,  London.  Manu- 
facture of  Peroxide  of  Lead.  2d.  .June  12. 

Secondary  Batterie.s. — Certain  salts  and  in- 
soluble compounds  of  lead,  in  admixture  with  an 
electrolyte,  are  subjected  to  electrolysis  in  a tank 
containing  suitable  electrodes,  peroxide  of  lead 
being  produced  at  the  anode,  whilst  a metal  is 
reduced  at  the  cathode  ; or  oxide  of  lead  may  be 
first  treated  with  a solution  of  an  alkaline  chloride, 
and  a current  of  chlorine  gas  passed  through  the 
magma  formed  by  adding  caustic  lime  to  the 
alkaline  mixture. 

2,769.  — J.  Imray,  London.  (P.  Jablochkoff, 
Paris.)  6d.  (4  figs. ) June  13. 

Dynamo-Electric  Generator.  — A magnetic 
coiled  bobbin,  fixed  obliquely  on  an  axis,  revolves 
between  or  within  polar  fields,  so  as  to  present  its 
opposite  edges  to  opposite  fields.  Fig.  1 shows  a 


simple  form  of  generator  ; the  core  or  bobbin  A, 
having  cheeks  a h of  soft  iron,  and  wound  with  a 
coil  of  insulated  wire,  is  fixed  obliquely  on  the  axis 
0,  and  revolves  between  the  poles  of  the  electro- 


magnets N and  S.  The  obliquity  of  the  coil  is  such 
that,  in  each  revolution,  it  presents  the  edges  of  a 
and  h alternately  to  the  poles  of  N and  S,  and 
alternating  electric  currents  are  set  up  in  the  coil 

X X 
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of  A.  Fig.  2 shows  a generator  in  which  the  coil 
B,  fixed  ohli(juely  on  the  axis  0,  revolves  within  an 
obli(£ue  core  or  bobbin  C,  which  is  wound  with  an 
insulated  coil,  and  has  an  iron  sheath  F presenting 
interior  polar  edges  towards  the  edges  of  B.  The 
electric  currents  set  up  in  the  coil  of  B are  collected 
and  converted  into  currents  of  uniform  direction, 


by  means  of  a commutator  1)  of  ordinary  construc- 
tion, In  Fig.  3,  the  bobbin  C is  of  soft  iron.  The 
commutator  I)  may  be  applied,  as  shown,  to  alter- 
nate the  currents  in  tire  coil  of  C,  tliose  in  tire  coil  of 
B being  constant  in  direction,  and  collected  in  the 
usual  way  by  rubbers  bear  ing  ott  the  rirrgs  F.  Irr 
this  case  the  irrteraral  core  or  bobbin  B rrecd  not  be 


of  soft  iron.  Wlren  the  machine  is  of  large  diameter, 
tire  interior  core  or  bobbin  A may  be,  as  shown  in 
Fig.  4,  merely  a ring  of  ir-orr  fixed  on  a wheel  of 
non-magnetic  material. 

I Motok. — This  invention  is  also  applicable  to 

i motors. 

2,771. — J.  Farquharson,  London.  Dynamo- 
Electric  Machines.  4d.  (6  figs.)  June  13. 

Dynamo-Electric  Generators.  — The  central 
soft  iron  core  of  each  field  magnet  is  wound  with 
two  or  rnor'e  layers  of  the  insulated  conductor  ; an 
iron  cylir^der  slit  lengthwise  is  then  slipped  over 
j the  coils,  or  the  coils  are  covered  with  iron  bars 
which  are  again  covered  with  two  or  more  layers 
i of  the  insulated  conductor,  the  process  being  con- 
tinued so  tliat  the  electro-magnet  is  built  up  of  the 
^ desired  number  of  alternating  layers,  with  iron 
layers  outermost  and  innermost.  The  central  core 
is  show'll  as  a cylinder  closed  at  one  end,  the  other 
end  forming  wdth  the  ends  of  the  iron  layers  an 
annular  pole,  slit  from  the  centre  to  the  circum- 
ference. The  armature  is  of  ring  form  and  rotates 
between  two  annular  series  of  these  magnets.  The 
] iron  ring  forming  the  core  of  the  armature  is  U- 

j shaped  in  cross-section.  The  conductor  is  in  the 

form  of  a narrow'  ribbon,  insulated  on  one  side, 

I and  then  folded  backwards  and  forwards  so  as  to 
form  a bar,  ecpial  in  thickness  to  the  width  of  the 
ribbon,  and  in  length  to  the  circumference  of  the 
I ring.  This  bar  is  placed  witliin  tlie  armature  ring 
and  secured  on  its  inner  edge  by  a removable  ring. 
Wedge-shaped  pieces  of  wood,  whose  outer  ends 
project  beyond  the  conductor,  take  the  inw'ard 
pressure  of  a band  for  keeping  the  ribbon  firmly  in 
its  seating.  When  the  generator  is  self-exciting, 
a section  of  the  ribbon  is  separated,  the  ends  being 
led  to  a suitable  commutator. 

2,776. — F.  H.  Varley,  London.  Manufactur- 
ing Carbons  Applicable  for  Electric 
Candles,  &c.  6d.  (19  figs.)  June  13. 

Cariions. — Vegetable  or  other  fibres  are  twisted 
into  string,  or  are  plaited,  knitted,  or  felted 
together.  This  string  is  stretched  on  a frame, 
treated  with  a caustic  alkali,  preferably  in  a solu- 
tion of  liigh  temperature,  rinsed,  dried,  treated 
with  sulphuric  acid,  again  rinsed  and  dried,  im- 
mersed in  a liot  solution  of  petroleum  and  tar  or 
otlier  suitable  hydro-carbon,  and  carbonksed  in  an 
iron  or  porcelain  chamber  provided  W'itli  a cover, 
hinged  or  otherwise  fitted  so  as  to  be  air-tight, 
and  w'ith  inlet  and  outlet  channels  for  tlie  circula- 
tion of  coal  or  hydro-carbon  gas  whilst  the  chandicr 
is  heated.  'I’he  carbons  arc  submitted  to  a succes- 
sion of  immersions  and  car) ionisations  until  they 
become  solid.  The  chamber,  if  of  wrought  iron,  is 
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coated  inside  and  outside  with  fireclay,  or  a mixture 
of  clay  and  plumhago. 

Skcondary  Batteries. — The  plates  are  prepared 
from  solid  or  thick  woven  fabrics  as  described 
above.  Preferably  four  bands  are  rolled  into  a 
coil,  or  folded  backward  and  forwarils  and  sub- 
jected to  the  above  described  treatment.  By 
taking  the  first  and  third  coil,  or  the  second  and 
fourth,  and  placing  one  within  the  other,  a space 
will  be  left  for  the  polarising  liquid,  which 
may  be  (1)  sulphate  of  mercury  and  sulphate 
of  zinc,  dissolved  in  dilute  sulphuric  acid  ; {2)  sul- 
phate of  manganese,  sulphate  of  zinc  and  sulphate 
of  mercury,  dissolved  in  dilute  sulphuric  acid  ; (3) 
sulphate  of  manganese  dissolved  in  dilute  sulphuric 
acid  ; (4)  sulphate  of  zinc  and  sulphate  of  man- 
ganese, dissolved  in  dilute  sulphuric  acid  ; (5)  sul- 
phate of  manganese  dissolved  in  water;  (6)  sulphate 
of  zinc  dissolved  in  water.  If  the  carbon  coils 
require  to  be  elastic,  they  are  immersed  in  the 
paraffines  or  turpenes,  but  if  rigid,  in  tar,  resin,  or 
dissolved  treacle  or  sugar,  which  may  be  mixed  with 
fine  carbon  or  farinaceous  substances  into  a thick 
viscous  liquid.  Porous  cells  and  carbons  for  em- 
ployment as  resistances  may  be  made  in  a similar 
manner. 

Semi  - Incandescence  Lamp.  — Two  coils  or 
volutes  of  carbon,  prepared  as  above,  are  mounted 
on  rotary  axes,  and  the  free  ends  of  the  coils  are 
forced  against  each  other,  the  margins  of  the  outer 
layers  bearing  on  stops  so  as  to  guide  the  ends 
into  contact.  The  axes  are  connected  to  the  con- 
ductors from  a generator. 

Arc  Lamp. — “The  ends  of  the  coils  may  be 
made  to  open  by  means  of  regulating  mechanism 
controlled  by  the  current.” 

2,781. — W.  R.  Lake,  London.  ((7.  F.  dc  la  Roche, 

Paris.)  Electric  Lighting  Apparatus.  6d. 

(5  figs.)  June  13. 

Arc  Lamp.s.  — The  carbons  are  each  forced 
through  a tube  or  envelope  of  metal,  carrying  at 
its  extremity  a ring  or  washer,  which  serves  as 
an  abutment,  and  in  such  manner  as  to  leave  a free 
space  between  the  ring  or  washer  and  the  end  of 


the  tube,  to  permit  the  carbon  to  be  segregated  by 
the  action  of  the  air  and  heat.  Referring  to  the 
illustrations,  a tube  0,  of  suitable  metal,  has  upon 
its  extremity  a screwed  sleeve  A,  provided  with 


projecting  claws  d,  which  support  a ring  K,  the 
internal  diameter  of  which  is  slightly  less  than  the 
diameter  of  the  carbon  R.  A spiral  spring  M 
placed  in  the  tube  T moves  forward  the  carbon. 
Between  the  extremity  of  the  tube  0 and  the 
washer  K (both  preferably  made  of  platinum)  is  a 
free  space,  the  size  of  which  is  regulated  by  screw- 
ing the  sleeve  A to  a greater  or  less  extent  upon 
the  tube  O.  The  external  tube  T is  provided  with 
apertures  C,  the  sleeve  A being  also  cut  away,  to 
allow  of  a free  circulation  of  air.  The  ring  B is 
formed  of  magnesia,  with  a central  opening,  which 
is  made  so  much  larger  than  the  diameter  of  the 
electrode  as  to  allow  free  access  of  the  air.  Both 
carbons  may  be  forced  forward  by  spiral  springs, 
or  one  carbon  may  be  fed  by  levers,  racks,  or 
pinions,  whose  movements  are  controlled  by  a single 
spring. 

2,803.  - F.  L.  Willard,  London.  Dynamo- 
Electric  Machines.  6d.  (9  figs.)  .June  14. 

Dynamo-Electric  Gener.vtor. — The  armature 
is  composed  of  a series  of  rings,  supported  by  cheek 
plates  and  bolts,  and  revolves  between  the  pjoles  of 
an  internal  and  external  field  magnet.  As  will  be 
seen  from  the  illustrations,  the  armature  rings  C C, 
carried  by  the  arms  D D,  revolve  in  channels 
formed  partly  in  the  iiorizontal  pole-pieces  of  the 
external  field  magnets  A A,  and  partly  in  the  cor- 
responding and  opposing  pole-pieces  of  the  internal 


magnet  B,  this  latter  being  wound  in  the  form  of 
a Siemens  armature.  Sometimes,  instead  of  being 
supported  by  the  fixed  spindle  I,  the  internal 
magnet  is  attached  to  a disc  fixed  to  the  external 
pole-pieces,  and  having  at  its  centre  one  of  the 
bearings  of  the  armature  spindle,  the  rings  being 
bolted  to  spokes  on  a boss  carried  by  the  armature 
spindle.  The  rings  C are  formed  with,  or  have 
shrunk  on  them,  collars  with  their  sides  parallel 
to  the  radial  line  passing  through  the  centre  of  the 
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adjacent  coil,  i.e.,  they  are  V-shaped,  as  shown  in  i 
Fig.  2.  The  rings  are  united  by  holts  passing 
through  lugs  on  the  rings,  or  through  the  V- 
shaped  collars,  and  are  then  bolted  to  a non- 
magnetic cheek-plate,  or  to  the  arms  D.  The  ^ 
driving  pulley  is  secured  to  one  cheek -plate,  the  ' 
other  being  lengthened  out  into  a sleeve  carrying  j 
the  ebonite  cylinder  on  which  the  commutator  i 
segments  are  mounted.  The  conductors  connect- 
ing the  armature  coils  to  the  commutator  pass  i 
within  the  sleeve.  The  commutator  may  be  fixed  | 
inside  the  bearings.  The  method  adopted  in 
the  connections  is  to  join  the  inner  wire  of  section  ! 
0 to  the  outer  wire  of  section  P,  the  outer  wire  of  ! 
O being  joined  to  plate  1 and  the  inner  end  of  P to 
plate  3 of  the  commutator.  Sections  Q and  R are 
connected  together  and  to  plates  2 and  5,  in  a 
similar  manner,  and  so  on  for  the  remainder  of  the 
coils.  The  commutator  is  preferably  built  up  of 
V-shaped  plates,  arranged  with  their  narrow  and 
wide  ends  alternately  round  the  periphery  of  a 
cylinder,  the  brushes  being  placed  at  an  angle  with 
respect  to  the  direction  of  rotation,  so  as  to  span 
the  gap  between  two  commutator  plates.  Each 
ring  may  be  coupled  up  to  a separate  commutator, 
and  one  or  more  may  be  used  to  excite  the  field 
magnets,  or  the  field  magnets  may  be  excited  by 
the  whole  current,  or  bj'  a shunt. 

2,804. — W.  R.  Lake,  London.  (F.  Van  Byssel-  [ 
henjhe,  Schaerbcck,  Belgium.)  Employing 
Electricity  for  Telegraphic  and  Tele- 
phonic Purposes.  6d.  (2  figs.)  June  14.  ' 

Conductors.  — This  consists  in  employing  for  ■ 
each  communication,  either  two  parallel  conduc- 
tors, or  two  conductors  one  of  which  surrounds  or  j 
envelopes  the  other,  these  conductors  being  in- 
sulated from  one  another  and  from  surrounding 
bodies.  One  end  of  each  conductor  is  insulated, 
and  the  other  ends  are  in  communication  with  the 
receiver  and  the  transmitter  respectively. 

2,807.  — L.  Epstein,  London.  Secondary 
Batteries.  4d.  June  14. 

Secondary  Batterie.s.  — The  electrodes  are 
formed  from  metallic  lead,  by  the  aid  of  an  electric 
current,  and  of  a permanganate  or  analogous  oxidis- 
ing agent  present  in  the  cell ; methylated  or  other 
like  spirit  may  also  be  employed  in  the  cell.  To 
form  a cylindrical  battery,  two  sheets  of  lead  are 
placed  one  over  the  other  with  a water  cushion 
between,  and  are  then  rolled  into  a scroll,  the  water 
let  out  of  the  cushion,  and  the  cushion  withdrawn. 

To  form  a rectangular  battery,  a number  of  fiat 
plates  are  placed  parallel  to  one  another  and 
packed  with  charcoal  powder  between  them,  the 
alternate  plates  being  connected  together ; or  a 
wooden  vessel  is  lined  with  lead,  and  has  an  inter- 


mediate or  partition  plate  of  lead,  and  the  other 
electrode  is  doubled  upon  itself  and  placed  within 
the  vessel.  The  current  during  the  process  of 
forming  is  reversed  from  time  to  time. 


2,818. — J.  S.  Sellon,  London.  Secondary 
Batteries.  4d.  (23  figs.l  June  15. 

Secondary  Batteries. — This  consists  in  making 
perforations,  or  intei'stices,  in  the  plates  of  secon- 
dary batteries  of  such  a form  that  the  material 
with  which  the  perforations,  or  interstices,  are 


packed  will  be  firmly  retained  in  position  by  the 
shape  of  the  perforations  or  interstices.  The 
figures  represent  two  forms  of  perforations.  Other 
forms  consist  of  single  or  double  cones,  truncated 
or  not. 

2,823.— C.  Westphal,  Berlin.  Generating  and 

Storing  Electric  Energy.  8d.  (21  figs.) 

.June  15. 

Secondary  Batteries. — This  specification  first 
describes  a method  of  producing  water  gas  by 
chemical  means,  which  is  afterwards  used  in  con- 
junction with  atmospheric  air,  or  oxygen,  in  gas 
batteries  to  generate  electric  currents,  the  batteries 
being  applicable  also  as  secondary  batteries.  The 
gases  from  a reservoir  are  caught  by  a series 
of  metallic  buckets,  attached  to  the  outer  side 
of  an  endless  band  passing  over  pulleys  at  the 
top  and  bottom  of  a wooden  box.  The  buckets 
are  connected  by  leaden  rivets  to  an  endless  strip 
of  lead,  situated  on  the  inside  of  the  endless 
band,  and  making  contact  with  pulleys  which 
are  made  of  a conducting  material  not  attacked 
by  the  licpiid  in  the  box.  One  series  of  buckets 
carries  the  gas,  which  is  conveyed  by  tubing  to 
a hood  surrounding  the  upper  pulley,  and  the  other 
series  carries  atmospheric  air,  or  oxygen,  down 
into  the  liejuid  in  the  box,  the  buckets  being  kept 
at  a constant  distance  apart  by  means  of  lugs  guid- 
ing the  endless  bands  ; these  two  gases  combine 
and  produce  a current  which  is  taken  oil  from  the 
pulleys.  If  the  combined  gases  form  a gaseous 
product,  the  discharge  of  the  same  is  eirected  by 
leading  the  bands  upwards  in  an  inclined  plane 
over  guide  pulleys,  so  that  the  gases  do  not  pass 
into  the  hood.  The  buckets  may  be  honey-combed. 
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or  be  formed  of  combs,  bruslies,  or  sieves,  covered 
with  spongy  platinum,  or  lead,  to  increase  their 
active  surface.  The  gases  may  be  led  under  pres- 
sure beneath  the  bottom  end  of  each  of  a series  of 
superposed  metallic  gutters,  slightly  inclined,  in 
a fluid,  and  with  their  openings  placed  down- 
wards, the  number  of  openings  being  proportional 
to  the  height  of  the  water  above  them.  An 
e.xcess  of  gas  led  into  a gutter  escapes  over  one  edge 
(which  is  made  shorter  than  the  other)  and  is 
caught  by  the  superposed  gutter.  The  slowly 
rising  gutter  may  be  formed  by  a wire  wound 
helically  round  a metal  cylinder,  the  gas  being 
forced  through  minute  openings  in  the  cylinder 
under  the  wire.  In  another  method,  a row  of  con- 
centrically arranged  porous  cells  is  sealed  at  both 
ends,  so  as  to  form  a series  of  annular  spaces.  The 
alternate  annular  spaces  are  filled  with  dilute  sul- 
phuric acid,  and  the  remaining  spaces  are  alter- 
nately connected  together  by  pipes,  and  oxygen 
and  hydrogen,  or  other  suitable  gases,  respectively 
passed  through  the  two  series  ; the  walls  of  the 
cells  in  contact  with  the  gases  are  provided  with 
metallic  weft,  sieves,  or  brushes.  The  liquid  pass- 
ing through  the  walls  is  conveyed  away  by  pipes, 
the  ends  of  which  dip  under  the  water.  The 
gases  may  be  forced  through  the  porous  cells,  and 
in  contact  with  metal  sieves,  or  brushes,  secured  to 
the  surfaces  of  the  cells  turned  towards  the  acid  ; 
or  the  gases  under  water  may  be  made  to  stream 
out  in  the  form  of  small  bubbles  and  rise  along 
the  surface  of  a metal  plate  slightly  inclined  to  the 
vertical  and  provided  with  inequalities  ; or  the 
gases  may  be  conducted  through  porous  pipes,  or 
chambers,  filled  with  granular  conducting  material ; 
or  the  gases  may  be  absorbed  by  suitable  liquids 
which  are  conducted  along  the  electrodes.  When 
used  as  secondary  batteries,  the  surfaces  on  which 
oxygen  is  generated  by  the  passage  of  the  current 
are  of  a non-oxidisable  conductor,  such  as  coal, 
platinum,  gold,  or  lead.  The  gases  given  off  are 
collected  in  reservoirs  and  utilised  as  described 
above.  The  bands,  in  the  first  described  apparatus, 
are  driven  in  opposite  directions  respectively  when 
charging  and  discharging. 

2,826. — F.  J.  Cheesbrough,  Liverpool.  (A. 

K.  Eaton,  Brooklyn.)  Manufacture  of  Lead 

in  the  Form  of  Threadlike  Fibre,  fid. 

(2  figs.)  June  15. 

Secondary  Batteries. — The  apparatus  consists 
of  a hydraulic  cylinder  A,  a ram  B,  suitably 
packed  as  at  C and  D,  and  a lead-retaining  cy- 
linder F,  fitted  with  a finely  grooved  plate  G,  shown 
in  plan  at  Fig.  2.  The  cylinder  being  charged 
with  hot  lead,  upon  the  application  of  pressure 
through  the  ram  B,  the  lead  will  spin  out  through 
the  grooves  X like  a shower  bath,  as  shown  by  H, 


in  the  form  of  fine  hair  or  thread-like  fibre.  The 
employment  of  these  fil)res  in  secondary  batteries 


is  mentioned  in  a subsequent  patent  of  this  in- 
ventor’s. 

2,830. — W.  E.  Ayrton  and  J.  Perry,  London. 

Construction  and  Government  of  Electro- 

Motors.  8d.  (21  figs.)  June  15. 

Motors. — The  magnetic  moments  of  the  movable 
and  fixed  parts  are  arranged  to  be  equal,  or  nearly 
equal  to  each  another.  Referring  to  the  illus- 
trations, the  bobbin  A,  of  Siemens  type,  rotates 
inside  a Pacinotti’  ring.  In  the  present  case,  one 
end  of  the  wire  on  the  bobbin  is  fastened  to  the 
iron,  and  the  other  end  passes  through  the  spindle 
to  one  of  the  brushes  T.  The  Pacinotti  ring  is 
preferably  built  of  two  end  parts  of  soft  iron  E E 
and  a considerable  number  of  plates  of  iron  formed 
as  shown  in  Fig.  2,  bolted  together  with  separating 
washers.  Parts  of  the  ring  project  inwards,  so  as 
nearly  to  touch  the  surface  of  the  rotating  part ; 
or  the  ring  may  be  solid,  of  cast  malleable,  'or 
wrought  iron,  with  deep  circular  grooves  in  the 
form  of  narrow  screw  threads  on  the  inside  of  the 
ring,  the  pitch  of  the  screw  being  small.  The 
dotted  lines  show  how  the  wire  coils  are  wound  in 
the  groove  of  the  ring,  so  that  they  shall  be  clear 
of  the  rotating  parts  ; their  ends  are  joined  up  as 
in  the  ‘ Gramme  ’ ring.  In  Fig.  2 the  commu- 
tator is  shown  so  that  the  rubbing  surface  is  plain, 
the  twelve  pieces  C being  fastened  to  the  disc 
of  wood  Z.  This  disc  has  also  on  its  surface 
a continuous  ring  of  metal  D,  to  which  is  con- 
nected one  terminal  B of  the  machine.  The  current 
entering  at  B passes  to  the  rings  D,  across  the 
broad  brush  to  one  of  the  commutator  pieces  C, 
and  to  the  second  narrower  brush  T,  thence  through 
the  hollow  spindle  to  the  coils  of  the  rotating 
bobbin,  and  then  to  the  metal  of  the  bobbin  and 
frame  of  the  machine.  A relative  motion  may  be 
given  to  the  commutator  and  the  Pacinotti  ring 
by  means  of  a handle,  a constant  electromotive 
force,  or  current,  being  obtained  between  its  termi- 
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iials  as  described  in  Specification  No.  .55  of  1882. 
Tlie  disc  Z may  be  adjustable  to  some  extent  for 
the  purpose  of  varying  the  lead.  The  commutator 
may  be  cylindrical  instead  of  disc-shaped.  In  Fig.  2 
the  brush  holder  is  a discof  wood,  or  other  insulating 
material,  fastened  to  the  spindle  by  means  of  a set 
screw  passing  out  at  the  circumference  of  the  disc. 
In  order  to  adjust  the  position  of  the  brushes  when 
the  machine  is  in  motion,  a clutch  is  constrained,  by 
spiral  feathers  on  the  spindle,  to  liave  a relativ^e 
motion  round  it,  which  is  communicated  to  tlie 
brushes.  A total  relative  motion  of  180  deg.  may 
be  given  so  that  the  motor  can  be  reversed.  The 
bobbin  A may  be  formed  of  two  semi-cylindrical 
magnets,  joined  together  to  form  a cylinder,  and 
one  central  magnet,  passing  diametrically  through 
the  cylinder  ; or  two  or  more  central  magnets  may 
be  employed  in  addition  to  the  two  side  magnets, 
the  like  poles  all  coming  together.  In  this  case,  the 
I’acinotti  ring  is  placed  with  its  plane  at  right 
angles  to  the  axis  of  rotation,  and  there  may  be  one 
at  each  end  of  the  cylinder  ; or  the  cylinder  may  be 
cut  in  two  halves  and  be  stationary,  the  Pacinotti 


Pacinotti  rings  may  be  employed,  one  revolving 
within  the  other,  or  two  “ Burgin  rotating  parts,” 
one  being  fixed  and  the  otlier  rotating  within  it. 
Several  arrangements  are  described  and  illustrated 
for  regulating  the  speed  of  the  motor  by  a governor. 
When  there  is  a constant  electromotive  force,  a 
resistance  may  bo  introduced  and  taken  out 
periodically.  In  one  arrangement,  a cam,  or  eccen- 
tric, periodically  moves  a contact  block,  brush, 
or  roller  over  studs,  so  that  contact  is  made 
during  a portion  of  the  periodic  time  of  revolu- 
tion of  the  cam ; a lateral  shifting  of  the  con- 
tact block,  or  of  the  cam,  effected  by  the  gover- 
nors, places  it  on  studs  which  are  longer  or  shorter, 
in  the  direction  of  motion  of  the  block,  tlian  when 
the  block  was  in  its  previous  position.  Or  a con- 
tact piece  slides  between  two  blocks  carried  respec- 
tively by  tlie  motor  shaft  and  the  framework,  and 
is  guided  radially  and  driven  round  by  the  block 
on  the  shaft ; as  the  speed  increases,  the  piece  is 
forced  outwards  by  the  centrifugal  force,  against 
the  resistance  of  a spring,  and  makes  contact 
between  the  revolving  and  the  fixed  disc,  which  has 


part  of  its  surface  of  insulating  material  so  situated 
that  the  duration  of  the  contact  diminishes  as  the 
speed  increases  ; the  two  discs  are  connected 
through  a resistance.  Or  the  current  may  be 
passed  to  the  motor  by  means  of  a brush  bearing  on 
a commutator,  having  two  plates  connected  by  a 
resistance  ; the  brush  is  moved  along  the  cylinder 
of  the  governor  and  makes  contact  during  a greater 
or  lesser  part  of  each  revolution  with  one  or  the 
other  plate.  Or  the  disc  commutator  (Fig.  2)  may 
be  formed  of  two  series  of  plates,  connected  through 
a resistance,  and  the  broad  brush  formed  of  two 
parts,  one  bearing  on  the  continuous  ring,  and  the 
other  bearing,  more  or  less,  on  the  two  series  of 
plates,  and  moved  outwards  against  the  resistance 
of  a spring  by  centrifugal  force.  If  the  commutator 
is  cylindrical,  a separate  governor  is  employed  to 
mov'e  the  brush.  Or  the  governor  may  be  arranged 
to  alter  the  lead  of  the  brushes,  to  alter  the  posi- 
tions of  the  field  magnets,  or  of  the  pole-pieces.  Or 
several  circuits  may  be  employed  in  the  field  magnets, 
more  or  less  of  which  are  cut  out  by  the  governors. 
In  other  methods,  a current  passing  round  both  the 
armatures  and  a permanent  field  magnet  may  dimi- 
nish the  magnetism  of  the  latter  ; or  a magneto- 
motor, gearing  into  a very  much  smaller  dynamo- 
motor,  both  in  the  same  circuit,  or  a motor  having 
its  field  magnet  in  a shunt  circuit,  producing  a per- 
manent magnetic  effect,  and  also  ound  with  a coil 
in  series  with  the  armature,  and  weakening  the 
magnetism  produced  by  the  shunt  circuit,  may  be 
employed.  When  the  motors  are  arranged  in  a 
series  circuit,  the  above  described  arrangements  are, 
when  necessary,  suitably  modified.  In  one  arrange- 
ment, the  speed  is  regulated  by  causing  a governor 
to  shunt  a considerable  part  of  the  current  past  the 
motor  as  the  speed  increases.  Or  the  permanent 
magnetism  of  the  field  magnets  may  be  opposed 
by  a shunt  coil,  or  the  field  magnets  wound  with 
two  coils,  one  in  series  with  the  armature  circuit, 
and  the  other  a shunt  to  the  armature  only  ; or  a 
shunt  motor  may  be  combined  with  a magneto- 
motor,  or  with  a motor  in  a shunt  circuit.  A 
dynamo  motor,  having  its  field  magnets  excited  by 
the  whole  constant  current,  may  be  employed  in 
lieu  of  the  magneto-motor.  The  methods  of  govern- 
ing by  moans  of  differential  winding  is  explained 
by  the  aid  of  algebraic  formuhe. 

*2,845. — A.  Pfannkuche,  London.  Incandescent 
Lamps.  2d.  .lunc  10. 

Inc.vniiksoknoe  L.uvirs. — The  carbon  filament  is 
made  hollow,  and  the  ends  of  the  conducting  wires 
arc  inserted  to  a consiilcrablc  distance  ; or  if  the 
filament  is  made  of  strands,  the  strands  arc  twisted 
around  tlie  conductor.  The  filament  is  preferably 
made  of  a hollow  plaited  or  woven  fabric,  of  jute, 
hemp,  cotton,  or  other  suitable  fibrous  material. 
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the  ciuls  of  the  wire  being  inserted  before  further 
treatment.  The  wire  ends  may  be  pointed  and 
rougii,  and  eemeiit  may  be  used.  A number  of 
such  filaments  are  wound  round  blocks  and  covered 
with  graphite,  and,  after  carbonising,  left  to  cool 
very  slowly,  the  platinum,  iron,  steel,  copper,  or 
other  metallic  conductors  being  thereby  thoroughly 
annealed.  The  conductors  may  be  of  platinum 
only  at  the  point  passing  through  the  glass. 

2,871. — J.  E.  H.  Gordon,  London.  Dynamo- 
Electric  Machines.  6d.  (10  figs.)  .June  17. 

Dyn.\mo- Electric  Generators. — This  relates  to 
the  type  of  generators  described  in  Specifications 
Nos.  78  and  5,536  of  1881.  The  revolving  wheel  is 
made  of  two  discs  A,  of  wrought  iron,  mounted  on 
the  axis,  and  kept  apart  from  one  another,  at  the 
axis,  by  a cast-iron  distance  piece,  and  at  the  rim,  by 
a wrought-iron  or  steel  ring  E,  which  carries  the 
electro-magnets.  On  each  side  of  the  discs,  and 
keyed  to  the  shaft,  is  a cast-iron  boss  F,  with  a 
conical  end,  to  which  is  secured  the  apex  of  a 
wrought-iron  or  a steel  cone  B,  the  base  of  which  is 
attached  to  one  of  the  discs  at  a small  distance  from 
the  circumference,  the  outer  extremity  being  thus 
left  flat  for  the  magnets  G to  be  fixed  to  it.  The 
cones,  discs,  ring,  distance  piece  (which  is  of  larger 
diameter  than  the  bosses,  so  that  the  heads  of  the 
rivets  will  not  interfere  with  the  bosses),  and  bosses 
are  all  firmly  rivetted  together  and  strengthened  by 


angle  pieces.  A large  gap  is  made  in  the  sole-plate, 
through  which  a portion  of  the  wheel  dips  into  a pit 
below  the  generator.  The  end  thrust  of  the  shaft 
is  taken  by  two  loose  iron  collars  K,  placed  on  the 
shaft, and  pressed  gentlyagainst  theinside  ends  of  the 
journals  by  means  of  set  screws  projecting  from  the 
ends  of  the  cast-iron  bosses,  and  these  collars  carry 
the  contact  rings,  preferably  of  phosphor- bronze,  and 
separated  from  the  collars  by  split  insulating  rings 
for  conveying  the  exciting  currents  to  the  magnets. 
Each  magnet  consists  of  a core  passing  througli  a 
hole  in  the  fiat  portion  of  the  revolving  discs, 
which  core  projects  equally  on  either  side.  Two 
brass  bobbins  are  slipped  on  to  the  core,  one  on 
either  side,  and  radial  pole-pieces,  rather  shorter 
and  of  less  width  than  the  fixed  coils,  are  fixed  to 
the  extremities  of  the  core,  and  hold  the  bobbins 


in  place.  The  fixed  coils  are  carried  by  rings  M,  of 
cast  iron,  bolted  to  the  inside  of  the  gap  in  the 
sole-plate,  and  by  four  struts  from  the  top  of 
low  standards  on  the  sole-plate,  and  by  tie-rods 
parallel  to  the  axis.  Each  of  the  fixed  rings  is 
made  in  three  portions,  bolted  together,  one  being 
much  smaller  than  either  of  the  other  two,  and 
placed  preferably  at  the  top,  so  as  to  allow  of  access 
to  the  wheel.  The  cores  of  the  fixed  coils  are 
formed  of  a boiler  plate  bent  upon  itself,  so  that  the 
angle  forms  the  thin  end  of  a wedge,  a T-shaped 
piece  with  a wedge-shaped  head  and  a screwed 
movable  or  fixed  stem,  which  is  inserted  into  a hole 
in  the  fixed  ring  and  secured  by  nuts,  being  inserted 
into  one  end  of  the  folded  plate  and  welded  to  it. 
A wooden  block  slipped  on  to  the  core,  and  secured 
by  pins,  forms  the  back  flange.  A German  silver 
flange  is  rivetted  to  a shoulder  cut  on  the  end  of 
the  core  near  the  revolving  wheel,  and  may  project 
beyond  the  coils  and  be  secured  to  the  wood  by 
serews  and  distance-pieces  after  the  coils  are  wound. 
If  slits  are  made  in  the  flange,  a cut  is  made  passing 
through  into  the  opening  of  the  core.  Projecting 
lugs  on  the  flange  pass  into  the  opening  in  the 
core  and  prevent  the  slit  in  the  flange  from  opening. 
Thefield  magnets  are  excited  bya  separategenerator, 
or  by  acurrent  from  one  or  more  of  the  coils,  thecoils 
being  so  connected  that  the  opposite  pole-pieces,  and 
also  the  adjacent  pole-pieces,  are  of  opposite  po- 
larity, there  being  twice  the  number  of  fixed  coils  on 
each  ring  as  there  are  field  magnets  G.  The  follow- 
ing appears  only  in  the  provisional  specification : 
The  commutator  consists  of  two  metallic  rings 
mounted  on  an  insulating  cylinder,  and  having 
metallic  strips  projecting,  parallel  with  the  axis, 
from  their  inner  sides.  The  strips  of  the  two  rings 
are  together  equal  in  number  to  the  number  of  the 
magnets  G,  and  those  projecting  from  one  ring  are 
opposite  those  from  the  other  ring,  but  do  not  meet 
them.  A metallic  ring  is  mounted  on  the  centre  of 
the  insulating  cylinder,  and  has  strips  on  each  side, 
lying  in  the  spaces  between  the  strips  of  the  two 
rings.  Two  brushes  bear  upon  the  strips  on  one 
side  of  the  central  ring,  and  two  upon  the  strips  on 
the  other  side.  One  brush  of  each  pair  is  connected 
to  one  end  of  each  of  the  alternate  coils,  and  the 
other  to  the  other  ends  of  the  coils.  The  remaining 
coils  are  connected  in  a similar  manner  to  the  other 
pair  of  brushes,  one  pair  of  brushes  being  such  a 
distance  in  advance  of  the  other  pair  as  corresponds 
to  the  advance  of  one  set  of  coils  on  the  other  set. 
The  direct  currents  are  taken  off  by  brushes  bear- 
ing on  the  end  rings,  the  two  sets  of  coils  being 
thus  connected  in  series  ; or  an  extra  brush  may 
bear  on  the  central  ring,  so  that  either  half  of  the 
generator  may  be  used  independently.  The  brushes 
consist  of  a solid  brass  plate  pressed  down  by  a 
spiral  spring,  and  having  on  the  under  side  a number 
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of  strips  of  thin  sheet  copper.  The  frame  carrying 
the  four  brushes  is  slightly  adjustable.  Tart  of 
the  coils  may  be  connected  to  a commutator,  and 
the  other  part  to  a collector,  or  to  a separate  com- 
mutator. In  another  commutator,  a number  of 
strips,  corresponding  to  the  number  of  coils,  are 
mounted  on  an  insulating  cylinder,  on  each  end 
of  which  is  a metallic  ring,  the  alternate  strips 
being  connected  to  one  ring,  and  the  rest  to  the 
other  ring.  In  this  case,  the  four  brushes  are 
arranged  as  above,  and  bear  on  the  strips,  and  two 
collecting  brushes  bear  on  the  end  rings,  the  series 
being  thus  connected  in  quantity.  The  commu- 
tator is  mounted  on  a thin  shaft  coupled  to  the 
main  shift,  and,  in  order  to  prevent  sparking,  it  may 
run  in  a trough  filled  with  a non-conducting  liquid, 
or  have  a blast  of  cold  air  blown  on  it  at  the  points 
of  contact  of  the  brushes.  The  generator  may  be 
employed  during  the  day  time  with  its  coils  ar- 
ranged in  series,  and  the  current  be  commutated  to 
chai'ge  secondary  batteries,  and  during  the  night 
with  the  eoils  arranged  for  quantity  and  to  produce 
alternate  currents  for  lamps. 

2,875. — R.  J.  Gulcher,  London.  Gas  Batteries 
and  Apparatus  for  Producing  Hydrogen 
and  Oxygen  by  Electricity,  fid.  (3  figs.) 
June  17. 

Second.vry  Batteries. — Three  separate  vessels, 
or  three  compartments  /i,  f in  one  vessel, 
communicate  with  each  other  by  the  holes  e®,  and 
are  arranged  so  that  the  capacity  of  /-  is  double 
that  of  and  that  of  is  equal  to  the  joint 
capacity  of /'  and/-.  The  compartment is  lined 


with  india-rubber,  and  the  cylinders /’/-arc  shown 
as  kept  in  place  by  the  compression  of  the  lining. 
The  platinum,  or  platinised  carbon,  or  other  suitable 
electrodes  ;/'  /-  are  suspended  in  the  compartments 
/'  /-  by  means  of  rods  <j'-'  <i*,  the  rod  f/‘*  being  in- 
sulated by  the  hook  k from  the  body  of  the  vessel. 


The  compartments  having  been  filled  with  slightly 
acidulated  water,  and  the  three  stoppers  screwed 
down,  the  contents  of  the  exterior  chamber  are 
allowed  to  flow  out  through  the  orifice  in  the  plug 
afi,  which  is  then  screwed  down.  The  rod  / is  con- 
nected to  the  positive  pole,  and  one  of  the  rods  (j* 
to  the  negative  pole  of  an  electric  generator,  and 
the  water  in  the  two  compartments /'/-  is  decom- 
posed, until  a sufficient  quantity  of  gas  has  been 
generated  to  force  the  level  of  the  liquid  to  the 
lower  edge  of  the  electrodes.  During  the  process 
the  liquid  is  forced  into  the  chamber /®,  compressing 
■ the  air  in  the  upper  part,  and  thus  maintaining  the 
generated  gases  under  pressure. 

2,885.— J.  A.  Berly,  London.  (F.  V.  Maquaire, 

Paris.)  Electric  Machines,  fid.  (12  figs.) 

June  19. 

Dynamo-Electric  Generator. — Fig.  1 illus- 
trates the  general  idea  upon  which  the  invention 
is  based.  There  are  two  rows  of  field  magnets, 
so  arranged  that  the  adjacent  and  opposing 
poles  are  of  opposite  polarity,  and  between  these 
poles  there  are  two  cores  upon  which  the  conductor 
I is  wound.  These  cores  are  built  up  of  isolated 
pieces  of  soft  iron,  connected  by  non-magnetic 
I material,  and  their  polarities  at  a given  moment 
are  of  opposite  name.  In  other  arrangements, 
the  opposing  poles  are  of  like  polarity ; or  the 
adjacent  poles  are  of  like  polarity,  in  which  latter 
case  the  poles  of  one  row  are  either  opposite  or 
interspaced  with  those  of  the  other  row  ; or  all  the 
poles  of  the  two  rows  may  be  of  like  polarity,  the 
systems  being  duplicated.  On  passing  the  cores, 
with  their  coils,  longitudinally  between  the  rows, 
a current  is  generated.  It  is  claimed  by  these 
arrangements  that  two  sets  of  currents  are  ob- 
tained, viz.,  those  due  to  cutting  the  lines  of 
magnetic  force  shown  in  Fig.  1,  and  those  caused 
by  the  reciprocal  action  of  the  currents  in  the  two 
conductors.  The  specification  appears  to  be  a 
literal  translation  from  the  French,  and  is  not 
very  clear.  According  to  tlic  illustrations,  the 
armature  rotates  between  two  rings  of  poles 
arranged  as  described  above.  Fig.  2 is  a part 
elevation  of  the  armature.  This  consists  of  two 
similar  parts  placed  side  by  side.  Each  part 
comprises  a core  divided  into  sections,  as  shown  in 
Fig.  2,  magnetically  insulated  from  each  other. 

1 The  length  of  each  section  in  the  direction  of 
motion  is  as  short  as  possible,  being,  preferably, 
equal  to  the  space  between  two  adjacent  poles,  the 
object  being  to  prevent  the  tendency  to  the  forma- 
tion of  “consequent  points”  in  tlie  core.  Spokes, 
fixed  at  their  inner  extremities  into  a copper  or 
brass  ring,  have  their  other  extremities  forked 
to  support  two  other  brass  rings  secured  to  the 
frame  of  the  generator.  The  iron  segments  of 
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the  cores  are  each  secured  at  their  extremities 
between  the  inner  and  one  of  tlie  outer  l)rass  rings, 
by  means  of  pieces  of  sheet  iron,  against  which 
they  terminate  as  shown  in  Fig.  2.  Tlie  segments 
are  joined  together  by  nonmagnetic  materials. 
Tlie  coils  are  wound  as  shown  in  Fig.  2,  the 
number  of  layers  being  the  same  for  the  smaller 
radius  as  for  the  larger,  and  the  thickness  of  the 
conductor  being  increased  as  its  breadth  diminishes. 
The  exterior  sides  of  each  coil  facing  the  opposing 
poles  are  parallel,  the  corresponding  interior  sides 
being  tapered  ; the  sides  of  the  core  being  parallel, 
a free  space  is  left  between  the  coils  and  the  core 
allowing  free  circulation  of  the  air.  The  movable 
field  magnets  are  wound  “so  as  to  regulate  at  will 
the  quantity  of  air  set  in  motion and  in 


such  a manner  that  their  profiles  are  figures  of 
revolution.”  There  are  as  many  commutator  bars 
as  poles  in  one  ring,  the  sections  of  the  armature 
being  coupled  up  so  as  to  form  one  or  more  circuits, 
each  having  a separate  commutator.  The  coils  of 
the  field  magnets  may  be  arranged  in  a correspond- 
ing number  of  separate  circuits,  each  receiving 
current  from  one  section  of  the  armature,  or  one 
or  more  of  the  armature  circuits  may  be  employed 
for  exciting  the  field  magnets  ; or  the  armature  of 
one  system  may  be  employed  to  excite  the  field 
magnets  of  another  system,  whose  armature  is  fixed 
on  the  same  shaft  as  the  armature  of  the  first 


system,  the  object  being  to  obtain  ,a  maximum  of 
excitation  of  the  field  magnets  when  each  segment  of 
the  armature  is  in  the  best  position  for  induction. 
The  field  magnets  may  be  in  a shunt  circuit.  The 
coils  of  the  field  magnets  are  of  elliptical  section, 
presenting  enlarged  poles  “terminating  laterally,” 
so  as  to  more  definitely  influence  the  armature 
■ coils  when  approaching  or  receding  from  them. 
In  order  to  regulate  the  current  generated,  the 
armature  coils  are  arranged  to  be  adjustable 
radially,  the  adjustment  being  effected  by  hand, 
or  automatically,  by  an  electro-motor  under  the 
action  of  a regulator  of  current.  This  regulation 
is  effected  during  the  working  of  the  generator. 
Fig.  3 is  a section  through  half  of  a generator. 


the  parts  of  which  are  duplicated.  Each  ar- 
mature rotates  between  two  rings  of  poles,  the 
j)oles  being  all  of  like  polarity  and  of  opposite 
polarity  to  the  poles  between  which  the  other 
armature  rotates.  The  inner  poles  of  the  two 
systems  are  magnetically  connected  as  shown,  the 
outer  poles  being  connected  through  the  iron  axle. 

2,896. — C.  T.  Howard,  Providence,  R.I.,  U.S.A. 
Shunts  or  Switches  for  Protecting  Elec- 
trical Instruments  from  the  Effects  of  Ex- 
cessively Powerful  Currents,  fid.  (3  figs.) 
June  19. 

Switch.  — The  illustrations  show  a shunt  or 
switch,  which  is  arranged  to  cut  off  all  electric  cur- 
rents from  the  interior  of  buildings,  whenever  it  is 
desired  on  account  of  thunder-storms,  &c.  Fig.  1 is 
an  elevation  showing  the  current  shunted  from  the 
telephone,  and  Fig.  2 a section  of  the  same.  The 
arrows  on  Fig.  1 show  the  path  open  to  the  current. 
If  the  insulating  arm,  carrying  at  its  ends  the 


contacts,  be  turned  slightly  in  the  direction  of 
the  hands  of  a watch,  the  current  would  pass 
through  the  telephone.  The  central  plate  of  each 
of  the  series  of  three  plates  is  provided  with  a 
serrated  edge,  as  also  may  be  the  other  plates,  the 
object  being  to  carry  off  the  current  from  the  lines 
through  the  serrated  central  plate,  which  is  con- 
nected to  earth  as  shown.  The  connections  between 
the  contact  plates  and  the  terminals  of  the  instru- 
ment (shown  in  thick  dark  lines)  is  preferably 
made  with  a leaden  or  other  safety  fuze. 

2,898. — A.  Swan,  Gateshead,  Durham.  Incan- 
descent Electric  Lamps,  fid.  (23  figs.) 
June  19. 

Incandescence  Lamps. — This  relates  principally 
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to  methods  of  preparing  the  conductor’s  passing 
through  the  glass  of  tlie  bulb.  Fig.  1 is  a table 
upon  which  a conductor  is  cut  into  the  desired 
length,  and  bent  into  a U form  by  means  of  the 
cutting  lever  c and  tlie  bending  lever  J\  both 
levers  being  fixed  to  the  spindle  d and  operated 
by  tlie  same  movement.  The  bending  lever  has 
three  graduations,  as  shown,  to  accommodate 
three  different  thicknesses  of  conductor.  The  con- 
ductor is  laid  in  a rest  fj,  with  one  end  against 
an  abutment  ledge  h,  and  when  the  cutter  e is  de- 
pressed to  cut  it  off  to  the  desired  length,  the 
bending  lever/  descends  and  passes  into  a groove 
in  the  bed-plate,  bending  the  conductor,  at  exactly 


its  middle,  into  a U sliajie.  Fig.  2 represents  a con- 
trivance for  producing  the  terminal  loops  and  tags. 
The  curved  portion  of  the  conductor  is  laid  against 
the  stop  /(•■*,  under  the  catch  Id,  and  its  ends  are  re- 
ceived in  slots  in  the  ends  of  spindles  projecting 
above  the  bed-plate  h,  and  rotated  in  opposite  di- 
rections by  the  gearing  sliown  in  interrupted  lines, 
arranged  beneatli  tlie  bed  plate,  until  further  rota- 
tion is  prevented  by  the  stop  piece  h-;  tlie  loops  are 
thus  formed  and  the  extreme  ends  or  tags  of  the 
conductor  doubled  back  against  the  legs.  The 
distance  between  the  axes  of  the  spindles  is  equal 
to  that  required  between  the  centres  of  the  loops. 


Fig.  3 is  a mould,  opened  out,  for  surrounding  the 
conductor,  thus  far  prepared,  in  a glass  envelope. 
The  conductor  j is  supported  upon  pegs  m m on 
one  half  of  the  mould,  and  fitting  into  recesses 
in  the  other  half.  The  mould  has  an  opening 
I leading  into  the  portion  li,  where  the  flange  of 
the  stem  is  formed.  The  portion  1'  opens  into  the 
portion  in  which  the  stem  proper  is  formed.  The 
glass  is  introduced  into  the  part  I,  and  is  pressed 
by  a lever  and  plug,  its  downward  flow  being 
limited  by  the  plug  P,  Fig.  4 illustrates  a mould 
in  which  the  flat  circular  recess  P is  replaced  by  a 
dome-shaped  recess  P.  By  means  of  a lever  the 
core-piece  P is  raised  from  the  mould  immediately 
after  the  casting,  to  obviate  risk  of  fracture  of  the 
stem.  This  core-piece  may  be  made  in  halves, 
the  tenninal  wires  passing  through  a slit  P.  To 
facilitate  adhesion  between  the  conductor  and  the 
glass,  portions  of  the  metal  forming  the  mould  are 
insulated,  and  the  conductor  is  raised,  by  means  of 
an  electric  current,  to  a white  heat  at  the  moment 
the  molten  glass  is  being  pressed  around  it.  In 
Figs.  5 and  6 is  shown  a pair  of  rollers  for  flattening 
out  the  ends  of  the  conductor  after  the  curved  por- 
tion has  been  cut  away.  The  rollers  p p,  which 
are  geared  together  and  move  simultaneously  by 
the  operation  of  the  handle  have  portions  of 
their  surfaces  removed,  as  shown,  to  allow  the  in- 
sertion of  the  conductors  to  the  full  extent  left 
bare  by  the  stem  of  glass.  The  rollers  are  slightly 
eccentric  and  flatten  the  conductor  gradually.  The 
flattened  ends  are  then  cut  to  a tapering  figure. 
Fig.  7 is  a machine  for  twisting  the  flattened  ends 
of  the  conductor  into  helical  coils  for  the  reception 
of  the  lamp  filaments.  The  spindle  r is  provided  at 
its  pointed  end  with  a needle  j’^,  and  with  a catch  s, 
which  is  pivotted  in  a slot  in  the  spindle  at  «'•’,  and 
the  tail  of  which  lies  behind  the  flange  q^.  By 
pressing  the  spindle  forward,  the  catch  is  canted, 
and  allows  the  flattened  end  of  the  conductor  to  be 
passed  between  it  and  the  needle,  and  when  the 
spindle  is  released  and  forced  back  by  the  spring  t, 
the  tip  of  the  end  is  held  upon  the  needle.  Upon 
rotating  the  spindle  the  coil  is  made.  u is  a 
rest.  In  a modification,  the  spring  I is  dispensed 
with,  the  pressure  of  the  catch  upon  the  needle 
being  produced  by  a spring  acting  directly  upon 
itself.  The  end  of  the  spindle  is  screw-threaded, 
and  works  in  a screw  in  the  tubular  piece  q,  the 
number  of  turns  of  the  screw  corresponding  with 
the  number  of  coils  to  be  given  to  the  ends  of  the 
wires.  The  needle  is  mounted  in  a stock-piece 
screwed  into  tlie  fore  end  of  the  spindle.  The  sealing 
of  the  carbon  filament  into,  and  over  the  spiral 
socket,  is  completed  by  the  deposition  of  carbon. 
In  the  provisional  specification,  it  is  stated  that  the 
glass  bull)  is  formed  by  blowing  and  rotating  the 
molten  metal  in  a mould,  composed  of  finely  pul- 
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veriseci  coke  and  plumbago,  mixed  to  a paste  with 
tar  or  eement,  pressed  to  shape  and  baked,  or  it 
may  be  formed  of  steatite.  Tlie  mould  is  of  such 
form  as  to  shape  the  neck,  or  conceal  the  line  of 
junction  between  the  bulb  and  stem. 

2,902. — J.  T,  Sprague,  Birmingham.  Electric 
Meters.  4d.  June  19. 

Elfx’tric  Meters. — The  gas  arising  from  the 
decomposition  in  a galvanic  cell,  or  ordinary 
voltameter,  is  caused  to  re-combine  after  being 
measured  in  a gas  battery,  and  to  regenerate  the 
electromotive  force  expended  in  the  decomposition ; 
or  the  gas  may  be  delivered  as  a fine  jet  into  a 
receiver,  and  ignited  by  a heated  wire,  or  by  an 
electric  spark,  u ith  admission  of  air  if  necessary, 
the  heat  given  off  being  directed  against  the  face  of 
a thermopile.  The  measurement  of  the  gases  is 
effected  by  causing  them  to  rise  into  balanced 
receivers,  one  receiver  being  preferably  balanced 
by  the  other.  The  receivers  are  fitted  with  tubes 
through  which  the  gases  escape  alternately,  at 
intervals,  controlled  by  the  apparatus  itself,  the 
reversing  commutator  and  recorder  described  in 
Specifications  No.  4,762  of  1878,  and  4,4.54  of  1881, 
being  employed  : or  two,  or  preferably,  three  alter- 
nately acting  receivers  are  connected  to  a cranked 
axle,  which  is  rotated  and  actuates  the  commutator 
and  valves.  When  the  gas  from  one  electrode 
only  is  measured,  the  other  electrode  may  be 
common  to  all  the  voltameters,  or  each  may  have 
a separate  electrode,  and  they  may  be  of  lead, 
which  will  absorb  oxygen,  or  of  palladium,  which 
will  absorb  hydrogen.  Two  receivers  may  act 
alternately,  one  for  generating  the  gas,  which  is 
passed  to  an  electrode  in  the  other.  Hydrogen 
may  be  generated  at  one  electrode  and  passed 
through  a gas  meter  to  the  electrode  of  a gas 
battery,  both  electrodes  being  arranged  in  the 
same  reservoir  of  liquid,  with  a common  electrode 
between  them  composed  of  spongy  lead,  or  of 
plates  of  lead  placed  parallel  to  the  current.  The 
variation  of  temperature  in  measuring  the  gases 
is  compensated  for  by  altering  the  capacity  of 
the  receiver,  or  varying  the  action  of  the  recording 
train.  This  may  be  effected  by  a spring  made  of 
two  differently  expansible  metals,  or  by  a glass  bulb 
floating  in  liquid,  which  enters  more  or  less  into 
the  stem,  or  by  a bulb  which  rises  or  sinks  in  the 
liquid  as  the  gas  expands  or  contracts,  or  the  stem 
may  be  formed  into  a U tube  containing  a liquid 
which  alters  its  level  in  the  outer  arm.  This 
motion  may  alter  a compensation  rod,  thereby  con- 
trolling the  position  of  a conical  wheel,  by  which 
the  recording  wheelwork  is  driven,  or  it  may  alter 
the  point  {as  in  the  case  of  metallic  deposit  meters), 
at  which  the  reversal  or  contact  takes  place.  The 
outer  arm  of  the  U stem  may  be  graduated  and 


the  “ reading”  utilised  for  calculating  the  compen- 
sation. The  weighing  apparatus  in  metallic  de- 
posit meters  weighs  the  metal  deposited,  or  the  loss 
of  metal  dissolved.  The  cathode  is  placed  hori- 
zontally at  the  lower  part  of  the  cell,  and  above 
this  is  the  anode,  consisting  of  an  open-ended 
cylinder  arranged  vertically,  or  of  a horizontal 
plate  kept  at  a uniform  distance  from  the  cathode 
by  stops.  These  electrodes  may  be  rendered 
buoyant  so  as  to  be  pressed  up  against  stops,  or 
may  be  counterpoised.  If  the  weight  added  to  the 
cathode  is  to  be  registered,  the  cathode  rests  upon 
three  insulating  blocks,  one  of  which  is  hollow  and 
contains  mercury,  by  which  connection  is  made 
to  the  cathode  when  it  rests  upon  the  blocks, 
but  is  broken  as  soon  as  it  is  raised.  The 
cathode  is  suspended  by  non-absorbent  cords,  be- 
tween which  the  anode  moves  freely  to  the  weighing 
apparatus,  such  as  a spring  balance  raised  by  a lever 
or  screw.  The  anode  also  rests  on  three  insulating 
supports,  and  can  be  raised  when  weighing  the 
cathode,  the  current  being  conveyed  to  it  by  a 
conductor  bent  over  to  the  outside  of  the  cell  and 
dipping  into  a mercury  cup.  This  wire  may  carry 
a bridge  between  the  two  cups,  which  will  cut  off 
the  whole  meter  from  the  current  during  weighing. 
If  the  anode  is  to  be  weighed,  the  cathode  is  fixed, 
and  the  lifting  arrangement  is  required  only  for  the 
anode.  When  the  anode  is  buoyant,  its  upward 
pressure  will  afford  a means  of  measurement,  or 
when  it  is  a cylinder,  arranged  so  that  a small 
motion  will  not  materially  affect  the  resistance,  it 
is  made  buoyant  so  as  nearly  to  float,  and  may  be 
attached  to  a weighing  apparatus  such  as  will 
largely  multiply  the  motion  and  give  constant  indi- 
cations. The  two  electrodes  may  be  suspended  as 
counterpoises  over  an  axle  carrying  an  indicator. 
A reverser,  arranged  either  to  reverse  the  action 
of  the  meter,  or  to  send  a large  reverse  current 
through  it,  is  controlled  from  the  outside,  and  ac- 
cessible only  to  the  proper  authorities.  The  ca- 
thode may  be  constructed  of  a layer  of  mercury,  into 
which  the  deposited  metal  is  received,  causing  the 
mercury  to  overflow  into  a receiver,  which  is 
graduated  or  attached  to  a balance.  In  order  to 
dissipate  the  heat  in  the  electrolytic  liquid  caused 
by  the  passage  of  the  current,  and  utilise  it  in 
circulating  the  liquid,  the  sides  of  the  con- 
taining vessel  are  constructed  with  an  inner  side  or 
plate  (forming,  or  not,  one  electrode),  not  reaching 
to  either  the  top  or  bottom  of  the  liquid,  thus  en- 
closing a film  of  liquid,  which  being  cooled  by  the 
external  air  will  sink  ; or  a tube  formed  into  a helix 
may  form  an  external  connection  between  the  upper 
and  lower  strata,  and  water  may  be  supplied  to 
cool  the  surface  ; or  the  top  and  bottom  may  be 
connected,  a pump  being  arranged  in  connection 
and  worked  by  the  current,  or  mechanically. 
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*2,910. — C.  E.  Kelway,  London.  Apparatus 
for  Generating  and  Utilising  Electricity. 
2d.  June  20. 

Dynamo  and  Magneto-Electric  Generators. — 
Two  concentric  shafts,  mounted  and  arranged  to  re- 
volve in  separate  bearings  in  a line  w ith  each  other, 
or  arranged  so  that  one  shaft  revolves  within  the 
other,  carry  respectively  the  armature  and  field 
magnets,  and  are  caused  to  rotate  in  opposite 
directions,  at  the  same  or  at  different  speeds. 
The  field  magnets  may  be  permanent  or  electro- 
magnets. Commutators  collect  or  distribute  in 
the  proper  direction,  “not  only  the  electricity 
passing  through  the  insulated  wire  round  the  arma- 
ture or  armatures,  but  also  that  which  passes 
through  the  insulated  wire  round  the  field  mag- 
nets,” when  they  are  electro-magnets. 

*2,911. — J.  Kincaid,  London.  Carrying  Elec- 
tric Wires  through  Streets.  2d.  June  20. 

C0NDUCTOR.S.  — Hollow  blocks  of  iron,  stone, 
wood,  asphalte,  &c.,  serve  the  double  purpose  of 
carrying  electric  conductors,  and  of  being  used 
for  the  kerbs  of  footpaths,  or  for  the  paving 
of  streets.  These  blocks  may  be  constructed 
in  various  ways,  with  or  without  movable  tops, 
having  a roughened  surface,  or  a lining  of 
pitch,  and  a hole  or  holes  for  the  branch  lines. 
Those  blocks  at  the  base  may  be  horizontal,  or 
may  slope  downw’ards,  so  as  to  carry  the  conductors 
horizontally,  or  sloping  downwards  at  the  crossings 
of  streets,  or  at  a junction  between  the  roadway 
and  the  kerb.  A course  of  granite  or  otlier  paving 
blocks  is  laid  on  each  side  of  the  blocks  in  crossing 
a roadway.  The  ends  are  formed  so  that  they  can 
be  fastened  together  to  form  a continuous  tube. 

2,912.— S.  H.  E mmens,  London.  Apparatus 
for  the  Regulation  of  Electric  Currents. 
Cd.  (5  tigs.)  June  20. 

Secondary  Batteries. — The  illustration  repre- 
sents a device  for  automatically  charging  one  set  of 
secondary  batteries  liy  a generator,  whilst  another 
is  discharged  by  the  service  circuit,  and  vice  versa, 
alternately.  In  the  illustrations,  tlie  discs  F are 
caused  to  rotate  in  opposite  directions  by  the  worm 
E,  driven  by  motor  A.  The  discs  are  each  divided 
into  two  insulated  halves  0 0 and  B It,  and  have 
central  conducting  rings  N N and  1*  1’,  of  which 
N N are  always  connected  with  0 0,  and  with  tlie 
leading  and  return  wires  L -t-  and  L—  of  the  service 
circuit,  whilst  P P arc  always  connected  with  R K, 
and  the  leading  and  return  wires  of  the  generator 
B.  >S  S and  T T are  the  stationary  poles  of  the 
batteries  C and  D,  with  suitable  contact  pieces  for 
maintaining  electrical  connection  with  the  discs  F. 
At  every  half-revolution  of  tlie  discs  F,  tlie  bat- 


teries exchange  circuits.  The  changing  the  coupling 
up  of  the  batteries  simultaneously  with  the  ex- 
change of  circuits,  by  which  they  maybe  charged  in 
parallel  arc  and  discharged  in  series,  is  effected  by 
the  rising  and  falling  of  tw'o  movable  frames  carry- 
ing the  contact  pieces,  and  actuated  by  an  electro- 
magnet or  cams,  operated  by  the  discs  F,  or  by  the 
motor  A,  or  by  hand.  The  frames  are  attached  to 
opposite  ends  of  a lever,  and  one,  the  heavier, 
carries  a series  of  contact  pieces,  connected  together 
two  and  two,  except  the  first  and  last,  and  the 
other  a series  of  contact  pieces,  in  which  all  the 
positive  and  also  all  the  negative  pieces  are  re- 
spectively connected  together.  The  lighter  frame 
carries  a core  of  a solenoid,  or  the  armature  of  a 
magnet  in  the  generator  circuit.  These  contact 
pieces,  when  the  corresponding  frame  is  depressed. 


make  contact  with  bars  attached  in  rows  to  a fixed 
frame  and  carrying  the  electrodes,  the  batteries 
being  thus  connected  in  series,  unless  the  electro- 
magnet is  excited,  when  they  will  be  connected 
parallel.  In  a modification,  the  electrodes  are  con- 
nected to  jointed  levers  falling  between  pairs  of 
insulated  springs  arranged  on  fixed  bars  placed 
in  the  service  circuit,  and  making  connection 
betw^een  the  alternate  elements  of  the  battery. 
A movable  bar  beneath  the  levers  is  provided  wdth 
uprights  corresponding  to  the  electrodes  of  the 
battery,  and  carrying  pairs  of  insulated  springs. 
These  uprights  are  of  two  altitudes,  arranged  alter- 
nately, so  that  the  lev'ers,  when  the  bar  is  raised, 
are  lifted  in  two  sets  corresponding  tothe  and  — 
electrodes  of  the  battery  ; or  the  same  object  may 
be  attained  by  a similar  arrangement  of  the  connec- 
tions along  the  bar.  Conductors  make  connection 
between  these  sets  and  the  generator. 

2,913. — S.  H.  Emmens,  London.  Secondary 
Batteries.  (Id.  (11  figs.)  June  20. 

Secondary  Batterie.s. — Strips  of  sheet  lead,  or 
lead  foil,  are  rolled  up  in  the  form  of  short  cylin- 
ders, and  are  arranged  one  over  the  other,  each  pair 
being  separated  by  an  insulating  diaphragm  B,  and 
the  elements  of  each  pair  by  a porous  diaphragm. 
The  elements  are  connected  in  series  as  shown. 
The  strips  of  lead  may  be  wound  in  cylindrical 
spirals  (notched,  if  necessary,  at  the  outer  circum- 
ference to  facilitate  coiling),  or  flat  rings  may  bo 
superposed  and  form  two  concentric  cylinders,  the 
inner  rings  being  either  hollow  or  solid.  The  two 
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cylinders  form  the  two  poles  of  the  battery.  The 
batteries  may  be  charged  with  metallic  lead  and 


peroxide  of  lead,  either  mechanically,  or  by  using  a 
suitable  salt  of  lead  as  an  electrolyte  and  passing  an 
electric  current. 

2,914.  — S.  H.  Emmens,  London.  Electric 
Lamps.  6d.  (4  figs.)  June  20. 

Arc  Lamps. — Fig.  1 represents  one  arrangement 
for  causing  the  carbons  to  approach  each  other  on 
the  diminution  or  cessation  of  the  current.  A pair 
of  levers  A,  jointed  scissor-wise,  have,  at  one  pair 
of  extremities,  arms  B to  hold  the  carbons.  The 
jiormal  attraction  of  the  electromagnets  C on  the 
levers  A,  is  counterbalanced  by  the  weights  D,  or 
by  springs,  and  on  any  cessation  of  current  the 
two  carbons  are  caused  to  approach  each  other. 
In  a modification,  the  cross  levers  are  replaced  by 
bell-cranks,  having  their  horizontal  arms  acted 
on  by  the  magnets  C,  and  the  ends  of  their  vertical 
arms  connected  by  a spring  which  acts  in  lieu  of 


the  weight.  The  arms  B are  attached  at  or  near 
the  ends  of  the  vertical  arms.  The  carbons  rise 
by  their  own  weight,  and  are  held  in  position  by 
combustible  material,  placed  at  intervals,  and 
attached  to  a peg  which  is  too  large  to  pass  through  a 
hole  in  the  bed-plate.  The  carbons  are  fed  forward 
as  the  material  is  burnt.  Fig.  2 shows  another 
arrangement  of  automatic  feed,  the  carbons  being 
placed  in  holders  pivotted  so  as  to  assume  varying 
degrees  of  inclination  as  the  candle  is  consumed. 
The  holders  are  inclined  by  the  tension  of  the 
spring  K,  and  are  caused  to  diverge  by  the  arma- 
ture O of  the  magnet  C.  The  current,  after  passing 
the  arc,  may  be  caused  to  traverse  an  outer  coil 
of  wire  on  the  magnet  C,  and  oppose  the  action  of 


tlie  main  coil.  The  carbons  may  be  arranged  in 
line  M'ith  each  other,  and  one,  or  both,  be  fed  for- 
ward by  weights  or  springs,  and  be  retained  in 
position  by  contact  pieces  (pivotted  remotely  from 
the  carbons  and  actuated  by  an  electro-magnet), 
which  grip  and  sustain  the  carbons  as  long  as  the 
normal  current  is  passing.  Any  number  of  carbons 
may  be  thus  automatically  fed  forward  by  putting 
them  in  a continuous  line. 

*2,917. — -T.  Parker,  Coalbrookdale,  Salop,  and 
P.  B.  Elwell,  Wolverhampton.  Dynamo- 
Electric  Machines.  4d.  June  20. 

Dynamo-Electric  Gener.ator. — The  armature 
is  formed  of  square  or  oblong  section,  similar  to  the 
rim  of  a flywheel,  exposing  the  two  sides  and  face 
to  the  field  magnets,  the  core  of  the  rim  being  of  a 
non  - magnetic  substance,  covered  with  an  iron 
casing.  The  inductor  is  a long  copper  bar  (con- 
veniently made  in  sections),  forming  a continuous 
spiral  round  the  rim,  strips  of  iron  being  placed 
between  each  spiral  turn,  and  in  contact  with  the 
iron  casing.  The  armature  is  carried  on  a disc  or 
cylinder  of  non-conducting  material.  Several 
armatures  may  be  mounted  on  the  same  shaft.  A 
copper  ring  or  cylinder  may  replace  the  spiral  bar 
when  currents  of  low  electromotive  force  are  re- 
quired. Two  rollers,  each  formed  of  two  discs 
pressed  apart  by  a spring  and  running  in  a groove 
formed  on  the  commutator  cylinder,  bear  with  their 
outer  edges  against  the  side  of  the  groove  and  col- 
lect the  current.  Their  opposite  edges  may  also  be 
guided  in  grooves  in  solid  rollers.  Or  the  current 
may  be  collected  by  two  discs  on  opposite  sides  of 
the  armature,  which  bear  upon  the  copper  bars  when 
pressed  sideways  by  an  arm.  One  disc  is  mounted 
upon  a ball-and-socket  joint  sliding  on  that  part 
of  the  armature  shaft  which  passes  through  the 
centre  of  the  armature  (the  boss  of  the  wheel 
carrying  the  armature  being  set  sideways),  and  is 
connected  to  the  other  disc  by  distance  pieces 
passing  through  spaces  in  the  boss  of  wheel,  but  is 
insulated  from  it.  The  first  disc  has  an  arm 
attached  to  its  centre,  extending  outwards  horizon- 
tally in  line  with  the  armature  shaft,  so  that  when 
pressed  out  of  line  w'ith  the  spindle,  each  of  the 
two  discs  come  in  contact  M'ith  the  copper  spiral 
upon  exactly  opposite  .sides  of  the  spindle,  the 
distance  between  their  inside  e Iges  being  slightly 
greater  than  the  thickness  of  tlie  armature  ; the 
discs  are  thereby  rotated  by  roller  friction. 

Motors. — An  electro-magnet  is  caused  to  rotate 
between  the  poles  of  a fixed  coil  having  no  iron 
core,  and  the  current  of  the  internal  magnet  is  re- 
versed at  each  point  where  its  lines  correspond  to 
the  lines  of  the  outside  coils.  The  revolving  mag- 
net forms  a complete  disc,  so  as  to  present  a mini- 
mum of  resistance  to  the  atmosphere. 
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Secondary  Batteries.  — These  are  formed  of 
strips  of  lead,  coiled  or  joined  in  zig-zag  form,  with 
the  interstices  filled  up  with  oxide  or  sulphate  of 
lead.  The  end  of  each  strip  is  carried  to  the  top  to 
form  a pole,  and  the  plates  so  formed  are  placed  in 
a skeleton  box,  made  of  strips  of  dried  wood  soaked 
in  paraffine  and  dovetailed  together. 

2,934. — A.  W.  Brewtnall,  Warrington.  Sus- 
pending or  Mounting  Electroliers,  &c. 
6d.  (6  figs.)  June  20. 

Conductors. — The  electroliers  are  suspended 
from,  or  mounted  on,  a ball  and  socket  joint. 
The  ball  and  socket  are  both  constructed  in  seg- 
ments of  metal  separated  by  segments  of  insu- 
lating materials,  the  metallic  segments  of  the  ball 
corresponding  to,  and  being  in  contact  with,  a 
sufficient  surface  of  those  of  the  socket  to  per- 
mit of  free  motion  without  breaking  connection 
between  the  segments.  The  ball  is  constructed 
of  three  metallic  zones : the  uppermost  is  at- 

tached to  a metallic  stem  leading  to  the  neck  of 
the  ball,  and  connected  to  a conductor  going  to 
the  lamp  : the  intermediate  zone  is  connected  to 
a metallic  tube  leading  through  the  neck  of  the  ball, 
and  connected  to  the  return  conductors  : the  third 
zone  takes  the  wear,  and  rests  in  a gland  on  the 
socket,  and  serves  for  the  attachment  of  the  main 
stem.  The  insulating  segments  are  also  carried 
by  the  neck  of  the  ball,  and  surround  the  stem 
and  tube.  A central  stud  on  the  socket,  con- 
nected to  a conductor  from  the  generator,  is  pressed 
by  a spring  against  the  uppermost  segment ; an 
annular  metallic  lining  exactly  corresponds  to  the 
intermediate  segment,  and  is  connected  to  the 
return  conductor  from  the  generator.  In  a modifi- 
cation, the  return  conductor  is  the  metal  of  the 
electrolier,  the  intermediate  zone  being  dispensed 
with. 

2,943. — H.  Aron,  Berlin.  Primary  and  Secon- 
dary Galvanic  Batteries  and  Cells,  &c.  4d. 
.Tune  21. 

Secondary  Batteries. — A material,  suitable  for 
use  as  battery  plates,  is  formed  of  a mixture  of 
collodion,  or  other  solution  of  gun-cotton,  with 
salts  soluble  in  alcohol.  Thicknesses  of  textile 
material  are  saturated  with  the  mixture  and  placed 
in  a solution  of  a metallic  salt.  The  resultant  of  the 
action  of  the  metal,  and  the  salt  held  by  the  collo- 
dion, is  here  termed  “ metallodion.”  A substance 
called  “ metallodium  ” is  produced  by  the  reduction 
of  ‘•metallodion,”  the  metallic  oxide  being  con- 
verted into  metal,  and  the  nitrogen  remaining  in 
the  derivative  of  the  cellulose  being  replaced  by  hy- 
drogen. The  metallodium  compound  may  also  be 
produced  by  mixing  metal  in  a fine  state  of  sub- 
division with  collodion  or  other  solutions  of  cellu- 


lose. A salt,  or  oxide  of  metallic  silver,  platinum, 
manganese,  or  preferably  lead,  may  be  employed. 
A plate  of  conducting  material  is  coated  with  a 
fresh  emulsion  of  metallodion,  which  may  be 
mechanically  mixed  with  carbon,  and  allowed  to 
dry ; or  the  textile  material  described  above  is 
wrapped  round  a plate  of  lead.  The  cellulose, 
uniformly  deposited  between  the  metallic  particles, 
carries  the  liquid  into  the  plates  by  capillary  action 

2,945. — C.  Sorley,  London.  Plates  for  Secon- 
dary or  Storage  Batteries.  4d.  (2  figs.) 

June  21. 

Secondary  Batterie.s. — The  plates  have,  in  or 
upon  them,  a number  of  grooves,  so  cut  or  formed 
that  the  ridges  between  the  grooves  terminate  in 
thin  edges,  rough,  toothed,  or  plain.  The  bottoms 
of  the  grooves  on  one  side  of  the  plate  preferably 
alternate  with  those  upon  the  other  side,  the 
grooves  being  horizontal. 

*2,954.— C.  A.  Carus-Wilson,  London.  Appa- 
ratus for  Measuring  Electric  Currents. 
2d.  June  21. 

Current  Meter. — Two  compartments  in  a vessel 
are  separated  by  a porous  partition  or  membrane, 
and  are  joined  by  a syphon,  and  filled  with  a 
suitable  liquid,  in  which  the  electrodes  are  plunged. 
The  amount  of  liquid  which,  under  the  action  of 
endosmose  produced  by  the  passage  of  an  electric 
current,  flows  from  one  vessel  to  the  other,  is  regis- 
tered by  a suitable  apparatus,  arranged  to  measure 
the  current  in  the  syphon  tube,  which  is  directly 
proportional  to  the  intensity  of  the  current.  The 
electrodes  may  be  constructed  so  as  to  absorb  the 
gases  given  off,  and  may  take  the  form  of  secondary 
battery  plates.  Suitable  gear  may  be  provided  for 
interchanging  the  positive  and  negative  electrodes 
at  intervals,  and  to  provide  against  the  action  of 
the  meter  being  reversed.  A resistance  is  arranged 
in  the  syphon  to  diminish  the  electric  current 
passing  through  it.  If  the  syphon  is  applied  be- 
tween the  two  electrodes  of  a secondary  battery, 
the  electrodes  being  separated  by  a porous  partition, 
the  meter  shows  the  amount  of  current  stored  at 
any  time. 

*2,962.  — M.  Volk,  Brighton.  Incandescent 
Electric  Light  Lamps.  2d.  .Tune  22. 

Incandescence  Lamps. — To  one  of  the  tcrmin.als 
of  the  ordinary  holder  a spring  is  attached,  and 
through  the  body  of  the  holder  is  passed  a metal 
stem,  which  also  passes  through  a clip  attached  to 
one  of  the  lamp  connections.  The  stem  is  provided 
with  an  insulated  knob.  The  current  passes  through 
this  mechanism  to  the  lamp,  but  wlien  the  knob 
is  placed  in  a certain  position,  the  spring  presses 
against  it  and  the  current  does  not  pass  to  the 
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lamp;  but  if  the  knob  be  rotated,  the  stem  is 
brought  into  metallic  connection  with  the  spring, 
and  the  current  passes. 

*2,974. — O.  G.  Pritchard,  Penge,  Surrey.  Pro- 
ducing Electric  Light.  2d.  June  22. 

Electric  Lioht. — One  electrode  forms  also  a 
gas-burner,  the  gas  providing  a path  for  the  cur- 
rent, and  the  other  a feed  tube  for  finely  divided 
carbon,  supplied  to  the  arc  in  a constant  stream,  to 
impart  by  its  incandescence  the  desired  intensity 
to  the  light.  The  electrodes  consist  of  infusible  and 
incombustible  materials,  such  as  platinum.  The 
relative  arrangement  of  the  electrodes  may  be 
reversed,  and  the  carbon  be  mixed  with  the  gas, 
or  pass  down  a tube  surrounding  the  gas  burner. 

2,990. — J.  H.  Johnson,  London.  (La  Cie.  Elec- 
trique,  Paris.)  Machinery  for  Generating, 
Controlling,  and  Utilizing  Electric  Cur- 
rents. 6d.  (6  figs.)  June  23. 

Dynamo-Electric  Generators. — Figs.  1 and  2 
are  respectiv'ely  end  deviation  and  horizontal  section 
of  the  generator.  The  electro -magnets  A are  pro- 
vided with  symmetrically  arranged  multiple  polar 
armatures,  and  completely  surround  the  armature, 
which  is  a Gramme  ring  B,  carried  by  two  external 
crossbars  C.  The  machines  are  supported  so  as 
to  be  capable  of  oscillating. 

Motor. — Figs.  3 and  4 are  respectively  vertical 
and  horizontal  sections  of  an  electric  motor  to  be 
employed  in  combination  with  the  above  generator. 
The  magnets  A^are  attached  to  the  frameD,  with  the 
axes  parallel  to  the  main  shaft  G,  and  are  provided 
with  large  polar  armatures  E.  The  shaft  G is  sup- 
ported in  the  frame  D,  and  also  rests  upon  a brass 
bearing  H connected  to  the  polar  armatures  E.  The 
Gramme  ring  is  placed  externally,  so  that  its 
collectors  or  commutator  brushes  are  readily  acces- 
sible. The  brush-holders  consist  of  a flexible  blade 
a (Fig.  1),  carrying  a socket  b for  the  i-eception 
of  the  brushes  f>i,  and  are  fixed  to  an  oscillating 
block  c.  The  pressure  exerted  by  the  brushes  is 
regulated  by  screws  e f.  The  coils  are  preferably 
covered  with  hempen  cord,  to  counteract  the  effects 
of  centrifugal  force.  Two  machines  may  be  ar- 
ranged end  to  end  with  a pulley  between  the  two, 
and  the  same  machine  may  be  employed  either  as  a 
generator  or  as  a motor.  The  cores  and  pole-pieces 
of  the  electro-magnets  of  the  generator  are  formed 
of  soft  iron  or  steel,  or  cobalt,  &c. , while  tliose  of 
the  motor  are  formed  of  cast-iron  or  hard  steel, 
so  as  to  retain  a considerable  coercive  force,  and 
prevent  the  motor  from  “ running  away.”  Fig.  5 
illustrates  an  apparatus  for  regulating  by  hand  the 
speed  of  a motor.  The  current  enters  at  a,  passes 
to  the  central  pin,  along  arm  rn,  to  one  of  the  con- 
tact pieces  b,  c,  d,  &c.,  through  the  whole,  or  a 


portion,  or  none,  of  the  resistances  to  x and  to  the 
motor.  The  contact  piece  N,  insulated  from  tlie 
arm  /,  connects  the  two  plates  y and  z,  and  is 
used  in  case  of  a second  motor  being  worked  from 
the  same  generator.  Fig.  6 illustrates  an  auto- 
matic arrangement.  If  the  speed  of  the  motor 
increases,  the  current  decreases  (on  account  of 
the  difference  in  the  coercive  force  of  the  cores  of 
the  generator  and  motor),  and  the  springs  R over- 


come the  action  of  the  solenoid  M,  and  introduce  a 
proportionate  resistance,  by  means  of  a number  of 
rods  S of  different  lengths,  suspended  over  and 
capable  of  dipping  into  the  mercury  troughs  T,  or 
by  means  of  a commutator,  in  connection  with  a 
rheostat  V.  The  rods  may  be  of  equal  length,  and 
arranged  over  troughs  of  mercury  placed  at  different 
levels,  or  a plunger  may  raise  the  level  of  mercury 
in  a vessel. 

2,992. — W.  R.  Lake,  London.  (J.  M.  A.  Gerard- 
Lescuyer,  Paris.)  Apparatus  for  Regulating 
the  Action  of  Electric  Arc  Lamps,  &c.  8d. 
(6  figs.)  .June  23. 

Arc  L.iMi’.s. — This  relates  principally  to  a clamp- 
ing device  for  regulating  the  position  of  the  upper 
carbon.  Fig.  1 is  a front  elevation,  partly  in  sec- 
tion, and  Fig.  2 a side  elevation  of  the  lamp.  The 
body  of  the  Lamp  is  a hollow  tube  or  chamber 
connected  )jy  two  crossbars  A B to  two  rods,  wliich 
are  insulated  from  the  body  of  the  lamp,  and  carry 
the  lower  carbon.  The  upper  carbon,  whose  upper 
end  is  provided  with  a “ Giffard”  piston,  slides 
within  this  tube,  a screw  at  the  top  of  the  chamber 
allowing  the  air  to  enter  more  or  less  rapidly,  and 
proportionately  retard  the  descent  of  the  carbon. 
Two  solenoids  F are  fixed  upon  tiie  crossbar  B,  one 
portion  (the  top)  of  each  being  wound  with  a thick 
wire  in  the  main  circuit,  and  the  other  being  wound 
in  the  opposite  direction  with  a fine  wire  in  a shunt 
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circuit ; the  two  portions  are  separated  by  a disc  J.  ] 
'rhe  two  cores  L,  connected  V)y  a cross-piece  M,  slide  j 
within  the  closed  tubes,  and  are  provided  at  their 
upper  ends  with  cotton  or  leather  discs,  regulating  | 
the  compression  of  air  during  upward  and  exhaustion 
during  downward  movements  of  the  cores.  A metal 
disc  K serves  as  a reflector,  preserving  the  lamp  from 
heated  currents  of  air,  and  acting  as  an  abutment 

o I 

for  the  brake.  The  carbon-holder  is  pressed  firmly  i 
against  the  guide  pulley  U by  two  springs.  The 
clamping  device  comprises  two  metallic  jneces  N N*,  | 

crossing  each  other  in  the  form  of  the  letter  X,  con- 
nected to  the  crossbar  M by  links  0,  and  provided 
with  screws  P P'  at  the  other  end.  Each  piece  N 
is  provided  w ith  a recess  or  curved  part  (approxi- 
mately U-shaped)  slightly  larger  than  and  par- 
tially surrounding  the  carbon-holder,  or  it  may  be 
formed  with  projections  passing  on  opposite  sides 


of  the  holder.  As  the  crossbar  M rises,  the  pieces 
N N’  grip  the  carbon-holder  and  raise  it  to 
strike  the  arc  ; wdien  the  crossbar  descends,  the 
screws  P P^  come  in  contact  with  the  disc  R, 
and  release  the  carbon-holder,  permitting  it  to 
descend.  In  a mo<liflcation,  the  carbon-holder 
passes  through  a single  tubular  electro-magnet,  the 
thick  wire  coils  of  which  act  on  a low’er  armature 
or  crossbar,  causing  the  clamping  device  to  grip  and 
raise  the  carbon-holder,  and  the  thin  wire  coils  of 
which  act  on  an  armature  arranged  above  the  mag- 
net, tending  to  lower  the  clamping  device  and  release 
the  carbon-holder.  In  another  modification,  the 
clamping  device  is  normally  maintained  in  a raised 
position  by  springs,  and  is  lowered  by  the  attrac- 
tion of  an  electro-magnet,  wound  entirely  in  a shunt 
circuit  on  the  upper  crossbar,  the  lower  crossbar 
being  of  non-rnagnetic  material,  fl’he  arrangement 
may  be  reversed,  the  magnet  being  placed  in  the 
main  circuit. 


3,002. — P.  Jensen,  London.  (D.  A.  Sckvyhr 
and  F.  O.  WatvrhouHe,  Hew  York.)  Dynamo- 
Electric  Machines.  8d.  (13  figs.)  June  24. 

Dynamo-Electric  Generator. — The  armature 
coils  are  divided  into  sets  of  four,  those  in  each  set 
and  the  sets  also  being  disposed  symmetrically  with 
relation  to  one  another.  Each  set  is  provided  with 
a separate  commutator,  and  one  end  of  each  helix  is 
connected  to  a separate  segment  of  the  commutator, 
the  remaining  ends  being  in  permanent  electrical 
connection  with  each  other.  Fig.  1 is  an  elevation 
of  a generator,  showing  a ring  or  drum  armature, 
constructed  according  to  this  invention,  rotating 
between  two  pole-pieces.  Fig.  2 illustrates  the 
manner  of  dividing  and  connecting  the  bobbins 
to  each  other  and  to  the  commutator,  and  Fig.  3 
shows  the  bobbins  of  a single  set  connected  to 
each  other  and  to  the  commutator,  O repre- 
senting the  commutators,  and  T and  W metallic 
rings  to  which  the  other  ends  of  each  set  are 
respectively  connected.  The  brushes  of  the  com- 
mutator can  be  joined  either  for  quantity  or 
intensity,  and  are  so  applied,  or  the  segments  of 


the  commutator  are  of  such  length,  that  each  coil 
is  kept  in  circuit  preferably  for  135  deg.  as  it  passes 
from  one  neutral  point  to  the  other.  As  shown, 
each  commutator  segment  extends  over  an  arc  of 
1)0  deg.,  and  tw'o  In-ushes,  connected  together,  bear 
on  the  commutator  at  points  which  subtend  an 
angle  of  45  deg.  at  the  axis.  Each  coil  is  thus  in 
circuit  alone  for  an  arc  of  4,5  deg.  at  the  centre  of 
the  arc  of  135  deg.,  and  all  the  coils  are  in  circuit 
for  the  arc  of  45  deg.  on  each  side  of  the  central  arc. 
When  the  brushes  of  the  two  or  more  commutators 
are  connected  in  parallel  arc,  they  may  be  made 
broad  enough  to  bear  on  both  or  all  the  commutators. 
This  invention  relates  also  to  generators  in  which  the 
armature  core,  moving  in  the  field,  induces  currents 
in  stationary  coils.  In  one  mode  of  construction,  a 
single  coil  is  wound  upon  a non-inagnetic  support 
in  a plane  perpendicular  to  the  line  joining  the  two 
poles  of  the  field  magnets,  and  passing  through  the 
neutral  points  of  the  fields.  The  coil  is  thus  in  a 
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plane  parallel  to  the  shaft.  The  armature  eore 
consists  of  two  soft  iron  pieces  connected  to  the 
shaft  hy  spokes  and  a huh  of  non-magnetic  material, 
and  revolves  before  the  pole-pieces  and  within  the 
armature  coil,  inducing  alternating  currents.  The 
single  coil  may  be  divided  into  several  sections,  and 
a larger  or  smaller  number  of  field  magnets  may  be 
employed,  each  coil  or  set  of  coils  being  wound  in 
the  spaces  on  either  side  of  a pole-piece,  or  in  any 
other  convenient  manner,  there  being  half  as  many 
coils  as  there  are  field  magnet  poles.  The  number 
of  soft  iron  pieces  in  the  armature  core  corresponds 
to  the  number  of  field  magnet  poles.  In  order 
to  commutate  the  currents  produced,  the  free  ends 
of  the  coils  are  connected  to  stationary  brushes 
bearing  upon  insulated  discs  on  the  shaft.  These 
discs  are  connected  to  the  commutator  proper, 
v\  hich  is  provided  with  the  usual  collecting  brushes. 
In  order  to  induce  a continuous  current  in  the 
coils,  the  forward  ends  of  the  soft  iron  pieces  of 
the  armature  core  are  gradually  curved  inwards, 
so  that  they  are  introduced  gradually  within  the 
stationary  coils,  and  are  withdrawn  suddenly. 

Magneto  - Electric  Generator.  — The  field 
magnets  and  the  armature  shaft  are  supported 
by  non-magnetic  standards,  the  magnets  being 
arranged  parallel  to  each  other  and  to  the  shaft, 
and  provided  at  each  end  with  inwardly  projecting 
pole-pieces,  symmetrically  arranged  around  the 
shaft,  and  of  alternating  polarity.  The  armature 
consists  of  a core  forming  the  shaft  of  the  genei'ator, 
wound  with  coils  of  wire,  the  ends  of  which  are 
carried  through  the  shaft  to  an  ordinary  commu- 
tator. The  core  is  provided  at  each  end  with 
radial  projections  corresponding  in  number  to  half 
the  number  of  poles  before  which  they  rotate.  The 
field  magnets  thus  tend,  at  any  instant,  to  induce 
one  polarity  at  one  end  of  the  armature  core,  and  the 
opposite  polarity  at  the  other  end.  Although  it  is 
stated  that  this  is  a magneto-electric  generator,  the 
field  magnets  are  shown  wound  with  coils  of  wire. 

3,003. — A.  Wilkinson,  London.  Telephonic 
Wires,  Insulating  Compounds,  and  Trans- 
mitter and  Receiver  Diaphragms.  4d. 
.lune  24. 

Conductors. — The  wire  is  wound  round  a spindle, 
passed  through  a hot  solution  consisting  of  tin  and 
lead,  and  drawn  on  a mandrel ; or  the  tin  and  lead 
may  be  dispensed  with,  and  a filament  of  fibrous  ma- 
terial plaited  on.  The  hollow  conductor  thus  formed 
is  then  coated  with  an  insulating  compound  com- 
posed of  india-rubber,  gutta-percha,  tallow,  naphtha, 
ground  cork,  and  bituminous  matter.  The  hollow 
conductors,  insulated  or  not,  may  be  passed  through 
a braiding  machine,  and  be  afterwards  coated  with 
the  above-described  insulating  material.  Other 
conductors  may  be  arranged  on  the  exterior  of  the 


hollow  conductor.  4’hc  following  appears  only 
in  the  final  specification  : A number  of  insu- 

lated conductors  may  be  plaited  or  braided  round  a 
hollow  core  of  india-rubber,  gutta-percha,  or  other 
fibrous  material,  and  the  cable  so  formed  passed 
through  an  ordinary  braiding  machine,  the  threads 
being  steeped  in  an  insulating  material  such  as 
described  above.  A hose  may  be  plaited  or  taped 
in  a machine,  and  a number  of  conductors  may 
be  placed  along  the  hose  either  spirally  or  longitu- 
dinally, and  finally  coated  with  india-rubber  or 
gutta-percha,  the  hose  being  used  for  the  purpose 
of  supplying  gaslight  to  ships,  &c. 

Resistances.  — A conductor  may  be  coiled  as 
above  around  mandrels  or  spindles,  in  order  to 
increase  its  resistance.  A wire  is  coiled  round  a 
spindle  to  form  a hollow  conductor,  and  coated 
with  a compound  composed  of  carbonised  ground 
bones,  to  which  is  added,  whilst  in  a heated  con- 
dition, common  stearic  or  stearine,  Stockholm  tar, 
benzoline,  and  bisulphide  of  carbon,  the  whole  being 
well  mixed  and  left  in  an  air-tight  vessel  for 
forty-eight  hours.  These  ingredients  may  be  mixed 
with  asbestos. 

Carbons  and  Secondary  Batteries.  — AVhen 
carbons  are  to  be  produced  for  electric  lamps  or 
batteries,  these  substances  are  moulded  to  the 
desired  form  and  subjected  to  hydraulic  pressure. 

3,007. — F.  Jenkin,  Edinburgh.  Machinery  for 
the  Regulation  of  Speed  in  Machinery 
Driven  by  Electricity,  &c.  6d.  (2  Figs.) 

.June  24. 

Speed  Regulator. — A governor,  driven  by  the 
motor,  controls  the  circuit  of  a relay,  which  in  turn 
controls  that  of  the  motor,  the  power  driving  the 
motor  being  in  excess  of  that  required  if  its  action 
were  continuous.  Fig.  1 represents  one  arrange- 
ment of  governor  and  governing  relay.  A pair  of 
bevelled  wheels  R,  driven  by  the  electro-motor, 
rotates  the  balanced  centrifugal  governor  W.  The 
slider  U has  a wide  flange,  which,  at  certain  times 
as  the  speed  increases,  comes  in  contact  with  the 
springs  I and  4.  The  spring  1 carries  a piece  of 
vulcanite,  which  bears  constantly  on  a spring  2. 
The  spring  2 is  separated  by  a short  interval  from 
the  spring  3.  The  circuit  wires,  from  the  source  of 
the  current,  are  connected  to  an  insulated  binding 
screw  H and  to  the  frame  of  the  machine  respec- 
tively. The  current  normally  passes  through  the 
binding  screw  H,  lever  5,  metal  bracket  (j,  and 
through  the  motor  to  the  frame.  The  bracket  6 
is  connected  to  one  terminal  of  the  motor  and 
to  the  spring  4.  If  the  speed  increases,  the  slide  U 
presses  against  the  spring  1,  and  causes  contact  to 
be  made  between  2 and  3,  and  a portion  of  the  cur- 
rent flows  round  the  electro-magnet  9,  and  attracts 
the  armature  8 fastened  to  the  lever  5,  and  the  lever 
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5 makes  conhiet  with  the  bracket  16,  which  is  con- 
nected through  the  resistance  coil  14  to  the  frame, 
and  thus  tlie  whole  current  divides  itself  between 
the  two  coils  14  and  !);  the  lever  5 completes  con- 
tact at  16  before  breaking  it  at  5.  The  resistance 
coil  14  may  be  dispensed  with,  its  object  being  to 
reduce  the  current  passing  through  the  springs  2 
and  .“1.  If  the  speed  should  increase  still  further, 
the  slider  U makes  contact  with  tlie  spring  4,  and 
the  circuit  of  the  electrometer  is  closed,  one 
terminal  of  the  motor  being  connected  with  tlie 
frame,  and  thus  with  the  governor  and  its  slide, 
and  the  other  with  tlie  spring  4.  An  arrange- 
ment is  shown  in  Fig.  2 for  use  with  very  powerful 
currents.  The  main  current  passes  through  the 
shunt  lever  C,  and,  according  to  whether  it  is  in 
contact  with  the  block  C'  or  C-,  it  passes  through 
the  motor  A or  not.  If  the  speed  becomes  too  great 
or  too  small,  two  metallic  blocks  5a  and  B'>  on  the 
lever  5 are  connected  respectively  with  the  main 
leads,  and  come  in  contact  with  either  the  two 


blocks  a;"  and  a;*,  or  and  y'‘,  respectively;  the 
shunt  current  in  the  two  cases  passes  in  opposite 
direction  round  the  relay  motor  B,  which,  by  means 
of  a pinion,  actuates  the  shunt  lever  C.  The  lever 
5 may  be  worked  by  the  governor  directly,  or 
electrically,  springs  1,  2,  3 being  provided  on  each 
side  of  the  slide  U (Fig.  1),  the  spring  being  dis- 
pensed with,  and  another  relay  magnet  !)  taking  its 
place.  Each  time  the  relay  breaks  contact,  it  may 
work  an  ordinary  Morse  instrument,  or  other  re- 
corder, which,  when  the  motor  is  being  driven, 
gives  a continuous  line,  and  w'hen  cut  out,  a space. 
The  relay  motor  (Fig.  2)  may  control  the  speed  by 
putting  on  a mechanical  brake,  by  diminishing  or 
increasing  the  work  done  by  the  machine,  c.^.,  by 
means  of  the  rate  of  feed  or  depth  of  cut,  &c.,  by 
controlling  a resistance  in  some  part  of  the  circuit, 
by  shifting  the  position  of  the  brushes  on  the  commu- 
tator of  the  transmitting  generator,  or  by  control- 
ling the  resistance  of  the  held  magnet  circuit  of  the 
generator.  The  controlling  spring  of  the  governor 
is  adjustable  whilst  in  action. 


3,010. — W.  E.  Debenham,  London.  Electric 
Lamps  with  Incandescent  Conductors, 
&C.  4d.  .June  26. 

Incanuescence  Lamps.  — The  glass,  through 
which  the  platinum  conductors  pass,  is  made  of  a 
mixture  of  two  glasses,  one  having  its  coefficient 
of  expansion  higher,  and  the  other  lower,  than 
that  of  the  platinum,  in  the  proportions  indicated 
by  these  coefficients.  The  conductors  just  inside 
the  glass  are  made  in  the  form  of  discs,  semi-discs, 
or  extended  surfaces  lying  in  contact  with  the  glass 
and  imparting  their  heat  to  it.  The  filament  is 
connected  to  the  margins  of  these  surfaces,  which 
are  gradually  turned  up.  The  cotton  or  other 
thread,  to  form  the  filament  of  the  lamp,  is  soaked 
in  an  alcoholic  solution  of  gluten  or  gelatine,  and 
the  joint  of  the  filament  with  the  conductor  is 
covered  with  fiour  or  other  carbonaceous  paste, 
and  when  dry  the  alcoholic  solution  of  gluten  or 
gelatine  is  applied  several  times,  and  the  joint  is 
then  carbonised.  Two  projections,  blown  on  to 
the  lamp  bulb,  fit  into  grooves  in  a socket  and 
form  bayonet  joints.  The  conductors  are  left 
projecting,  and  make  contact  with  metallic  spring 
plates  or  surfaces  in  the  socket.  The  i ressure 
of  the  springs  should  be  strong  enough  when  the 
lamp  is  turned  lound  to  lay  the  projecting  con- 
ductors fiat,  and  give  greater  contact  surface. 
The  projections  on  the  bulb  may  be  welded  on 
the  glass,  or  be  on  a ring  fitted  to  tlie  glass,  or 
they  may  be  metallic  and  in  connection  with  the 
conductors.  Hie  springs  may  press  the  studs 
downwards  into  contact  with  plates  at  the  bottom 
of  the  lamp  socket,  or  the  conductors  may  pass 
out  of  the  stem  of  the  lamp  and  bear  against 
connections  in  the  side  of  the  socket,  the  pressure 
being  gradually  tightened  as  the  lamp  is  turned. 

3,025.— E.  A.  Sperry,  Cortland,  N.Y.,  U.S.A. 
Dynamo  Electric  Machines,  &c.  lOd.  (30 
figs.)  June  27. 

Dynamo-Electkic  Gener.wor.s. — The  poles  of 
the  field  magnets  are  constructed  so  as  to  present 
extension  pieces  both  interiorly  and  exteriorly  to  a 
transversely  wound  aniiiilai'  armature.  Referring 
to  the  illustrations,  the  cylindrical  ring  armature 
with  soft  iron  core  a revolves  between  the  pole 
pieces  f,  f',  /-,  and  ; /'and  being  of  one  pol- 
arity, while  /-  and  arc  both  of  the  opposite 
polarity.  Each  of  the  two  pairs  may  be  in  one 
casting  and  magnetised  by  one  or  more  helices. 
The  armature  is  constructed  so  as  to  have  its 
greatest  dimension  of  cross  section  parallel  witli  its 
axis  and  presents  its  interior  ami  exterior  surfaces, 
together  with  one  extremity  to  the  poles,  'i’lic 
core  of  the  armature  coni])rises  two  cast  iron  end 
rings,  these  being  originally  cast  together,  and 
having  in  cross  section  the  form  of  an  elongated 
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circle,  M hicli  after  being  split,  forms  two  rings, 
with  a scniieireular  cross  section.  Mach  ring  has, 
say,  twenty-four  e(piidistant  semicircular  pro- 
jections, every  fourth  one  being  larger,  and  on 
one  (the  outer)  ring  left  with  a s(piare  face  for 
attachment  to  the  supporting  arms.  Six  rods  are 
firmly  screwed  into  the  six  projeetions  on  the 
inner  ring,  and  are  then  insulated.  Segments  of 
sheet  ii’on,  having  five  projections,  two  large  and 
thi'ee  small,  corresponding  to  those  of  the  rings,  the 
large  projections  being  pei’forated  for  the  reception 
of  tlie  rods,  are  slipped  on  the  rods  so  as  to  fill  up 
the  alternate  spaces,  and  then  the  three  others  are 
added,  filling  up  the  vacant  spaces  and  overlapping 
the  ends  of  those  already  in  place.  A piece  of  insu- 
lating material  corresponding  in  shape  to  the  large 
projections,  is  placed  over  each  of  the  rods.  Six 
more  segments  are  then  applied  in  a similar  manner, 
and  so  on,  the  cylindrical  core  being  completed  by 
the  outer  ring,  and  the  whole  being  firmly  fixed 

..1 


to  a non-magnetic  disc  C by  six  bolts.  The  arma- 
ture coils  are  connected  either  in  series  or  in 
multiple  arc,  the  ends  of  the  coils  being  brought  to 
radial  wires  B attached  to  a commutator  of  the  usual 
type,  from  which  the  current  is  collected  by  the 
brushes  0.  The  outer  ring  of  the  armature  core  may 
be  of  non-magnetic  material.  Two  coils  are  wound 
between  each  two  projections  (the  adjacent  sides  of 
the  projections  being  parallel  to  the  radial  line  mid- 
way between  them)  and  “ revolve  before  four  equi- 
distant fields.”  The  commutator  comprises  a cy- 
lindrical casting,  fitting  loosely  on  the  shaft,  and 
having  at  one  end  a flange,  and  a thread  at  the 
other.  The  surface  of  the  cylinder  is  insulated, 
and  against  the  inner  surface  of  the  flange,  and  of 
a nut  screwing  on  the  thread,  are  placed  rings  of 
insulating  material,  in  which  are  cut  radial  grooves 
carrying  the  commutator  sections,  which  are  con- 
nected to  the  flexible  radial  conductors  B.  The 


commutator  brushes  are  composed  of  flexil)le 
conductors  arranged  in  clamps  supported  by 
standards.  Or  the  brushes  are  supported  by  a 
collar  fitting  a boss  projecting  from  the  bearing 
of  the  shaft,  the  collar  carrying  two  diametrically 
opposite  slotted  projections  supporting  rods  on 
which  the  brush  clamps  are  loosely  mounted. 
Springs  carried  by  the  clamps,  and  having  their 
free  ends  resting  in  slots  in  the  rods,  regulate  the 
pressure  of  the  brushes.  The  angular  position  of 
the  brushes  is  adjusted  by  right  and  left-hand 
threaded  screws  connected  by  a nut,  one  being 
fixed  and  the  other  connected  to  the  collar.  In 
I order  to  adjust  the  lead  of  the  brushes  automa- 
tically as  the  speed  increases,  a short  cylindrical 
casting  is  secured  on  the  armature  shaft,  and  has 
j pivotted  near  its  outer  periphery  two  levers,  which 
extend  beyond  and  on  opposite  sides  of  the  shaft. 
The  free  ends  of  the  levers  carry  weights  which  by 
the  centrifugal  force  fly  outwards  against  the  re- 
sistance of  adjustable  springs.  The  levers  are  con- 
nected by  chains  passing  over  pulleys  to  a yoke 
working  through  a slot  in  a short  rod,  which  is 
thus  moved  endwise  on  the  shaft,  which  is  bored  to 
receive  it,  and  slotted  to  receive  the  yoke.  This 
short  rod  is  forced  outwards  by  a spring,  and  has 
at  its  extremity  a groove  in  which  are  placed  the 
forks  of  a lever  with  a fulcrum  at  one  end,  and  con- 
nected by  a rod  to  a bell-crank  lever  attached  to 
the  collar  supporting  the  brush -holders,  or  to  the 
face  of  the  nut  of  the  loose  commutator.  In  order 
to  regulate  the  current,  a worm  on  the  armature 
shaft  drives  a wormwheel  mounted  on  a shaft 
carrying  a cam,  operating  one  end  of  a lever,  the 
low'er  end  of  which  is  forked ; tw'o  pawls  are 
pivotted  to  the  forked  ends  of  the  lever  and  are 
supported  above  two  ratchet  wheels  mounted  on  a 
shaft,  by  links  connected  to  a lever  on  opposite 
sides  of  its  fulcrum.  An  electro-magnet  in  a shunt 
circuit,  or  in  a portion  of  the  main  circuit,  attracts 
an  armature  on  this  lever,  and  according  as  to 
whether  the  current  passing  through  it  is  greater 
or  less  than  normal,  one  or  other  of  the  pawls  is 
thrown  in  gear  with  its  ratchet  wheel  and  rotates 
the  ratchet  shaft  in  one  or  the  other  direction. 
This  shaft  is  screw-threaded  and  operates  a nut 
having  a projection  carrying  a fork,  fitted  to  a 
groove  in  a rod  sliding  in  the  end  of  the  shaft,  and 
secured  to  a cross-piece  sliding  in  a slot  in  the 
shaft.  Two  flexible  chains  are  connected  to  the 
cross-piece  and  pass  over  guide  pulleys,  and  are 
secured  to  the  nut  on  the  commutator,  which  is 
provided  with  a retractile  spring. 

Arc  Lamp.  — The  upper  portion  of  the  lamp 
frame  is  provided  with  a hollow  cylindrical  up- 
w'ard  projection,  into  which  is  screwed  the  upper 
end  of  a flanged  diamagnetic  tube  carrying  the 
solenoid  coils.  The  lower  end  of  a protecting  tube 
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is  also  screwed  on  to  the  cylindrical  projection. 
The  single  circuit  of  the  solenoid  is  divided  into 
four  separate  parts  by  conductors,  any  one  of 
which  can  be  connected  to  the  lamp  frame  accord- 
ing as  strong  or  weak  currents  are  employed.  The 
core  of  the  solenoid  consists  of  a flanged  tube  of 
soft  iron,  loosely  fitting  the  carbon-holder,  and 
wound  with  fine  insulated  wire  connected  by 
flexible  conductors  with  the  terminals  of  the  lamp, 
the  current  traversing  the  main  coils  and  the  shunt 
coil  in  opposite  directions.  A lever,  with  a fulcrum 
at  one  end,  and  attached  at  the  other  end  to  an 
adjustable  spring  and  the  plunger  of  a dash-pot, 
is  fixed  to  the  lower  extremity  of  the  core,  and  is 
connected  by  two  links  to  the  ends  of  two  levers 
with  fulcrums  at  their  other  ends.  These  two  levers 
carry  between  them  a casting,  bored  loosely  to  fit 
the  carbon-holder,  which  has  two  hooked  levers 
pivotted  to  its  extremities,  the  hooked  ends  passing 
around  the  holder  a short  distance  below  the  cast- 
ing and  serving  as  a clutch.  The  hooked  ends  of  the 
levers  bear  on  an  adjustable  stop,  through  which 
the  carbon-holder  passes,  or  the  ends  of  the  levers 
are  prolonged  and  bear  on  adjustable  stops.  The 
current  passes  from  one  terminal  of  the  lamp, 
through  the  solenoid,  to  the  lamp  frame  and  the 
carbon-holder,  across  the  arc  and  other  carbon  to 
the  other  terminal.  The  clutch  mechanism  may 
be  directly  connected  to  the  core.  The  negative 
carbon  clamp  is  laterally  adjustalde.  The  cut- 
out attachment  comprises  a casting  vibrating  in  a 
horizontal  plane  on  two  points  of  an  insulated  frame 
connected  with  one  terminal  of  the  lamp.  The 
casting  fits  round,  but  is  prevented  from  touching 
the  core  by  an  insulated  stop,  and  is  provided  with 
a contact  point,  forced  into  contact  with  a similar 
point  on  an  insulated  piece  of  metal,  connected 
througli  a resistance  (equal  to  the  normal  resistance 
of  the  lamp)  to  tlie  other  terminal  by  a retractile 
spring  on  the  pivotted  casting.  The  casting  is 
attracted  by  the  magnetism  of  the  core,  and  breaks 
the  “ cut-out  circuit”  on  the  passage  of  the  current 
through  the  carbons. 

3,033. — F.  S.  Isaac,  London.  (Sir  Jnliiix  Voijrl, 
at  Sea.)  Production  of  Carbons  for  In- 
candescent Electrical  Illumination,  ‘id. 
.June  27. 

Carbons. — The  fibres  of  Kubus  Amstralis  Parsona 
Lygodium  (Supple  Jack),  after  having  been  freed 
from  impurity,  are  carbonised  by  any  of  the  known 
metliods. 

3,036. — W.  E.  Ayrton  and  J.  Perry,  London. 
Dynamo-Electric  Machines,  (id.  (13  figs.) 
. I line  27. 

Dvnamo-Ki.hotric  Generators. — The  cores  of 
the  field  magnets  are  made  of  a coniliination  of 


steel  and  iron  ; Figs.  1 and  2 show  an  arrange- 
ment of  alternate  plates  or  tubes  of  steel  and 
wrought  iron.  By  a proper  arrangement  of  wind- 
ing, at  a certain  speed  it  is  possible  to  obtain  a 
constant  electromotive  force  between  the  two  ends 
of  the  outside  circuit,  and  with  other  arrange- 
ments of  winding  and  with  other  speeds  it  is 
possible  to  obtain  a constant  current.  The  similar 
poles  of  the  magnets  may  be  strengthened  by  join- 
ing them  with  pieces  of  metal  G.  The  coils  are 
placed  on  an  iron  ring  made  in  two  pieces,  joined 
together  so  that  the  screws  are  flush  with  the 
surface  of  the  ring.  The  coils  are  slipped  on  these 
halves,  a plate  of  wrought  iron,  v hich  is  cut  as 
shown  at  C,  Fig.  2,  being  placed  between  every  two 
coils,  which  can  thus  be  machine  wound,  except 
perhaps  the  last  two,  which  are  wound  by  hand  in 
place.  The  iron  plates  are  sometimes  U-shaped. 
The  coils  may  be  made  and  baked  as  described 
in  Specification  No.  1,1"8  of  1880.  By  another 


method,  the  iron  ring  has  iron  screws  standing  out 
in  radial  rows,  or  radial  iron  pieces,  serving  to 
keep  the  coils,  which  are  wound  by  hand,  in  place, 
increasing  the  magnetic  force,  and  being  especially 
useful  for  oblique  windings;  or  a number  of  radial 
plates  of  iron  may  fit  partly  around  a non-conduct- 
ing ring,  the  coils  of  wire  being  wound  usually 
very  obli(iuely  and  by  hand.  When  tlie  coils  are 
thus  wound,  the  pole-pieces  arc  much  smaller 
radially  than  those  shown.  Tlie  armature  is  at- 
tached to  its  spindle  by  a wooden  centre,  as  de- 
scribed in  the  above-mentioned  specification,  or  by 
a metallic  boss  and  arms  screwed  more  or  less  at 
their  outer  ends  into  the  iron  separating  pieces,  or 
these  pieces  when  very  thin  may  pass  through  saw 
cuts  in  the  centre,  in  wdiich  they  are  insulated  and 
secured.  If  the  core  is  non-conducting,  the  plates 
may  be  soldered  to  the  cuts  in  the  metallic  centres. 
The  joining  up  of  the  coils  when  there  are  four 
fields  is  illustrated  in  Fig.  3.  Tlie  number  of  coils  is 

obtained  from  the  formula  I,  where  N is 

the  number  of  fields  and  n any  integer.  Suppose 
there  are  nine  coils,  their  similar  ends  being  re- 
spectively a,  e,  If,  k,  VI,  o,  q.  and  h,  il,  /,  /i. 


A hstracfs  of  Pafeo  ts.  — 1882. 


ccclvii 


j,  l,  n,  p,  r and  A,  C,  E,  0,  I,  K,  M,  (),  Q the 
commutator  pieces  ; a and  j are  joined  to  A,  c and 
/ to  C,  e and  n to  E,  and  so  on,  the  currents  being 
collected  by  two  brushes.  Eig.  4 represents  tlie 
joining  up  when  there  are  six  fields.  'I'he  core  of 
tlie  armature  may  be  made  of  phosphor-bronze,  or 
brass,  or  steel,  or  other  strong  mateiial  with  a 
great  mind)er  of  soft  iron  rivets  passing  through  it, 
the  rivets  being  preferably  small  in  size  and  very 
large  in  number.  The  rivets  may  stand  out  on 
each  side  of  tlie  core  and  serve  to  keep  the  coils  in 
place. 

3,039. — C.  P.  Nezeraux,  Paris.  Galvanic  Bat- 
teries. (id.  (/figs.)  June ‘28. 

Secondary  Batteries. — This  invention  relates 
principally  to  a secondary  battery.  As  will  be 
seen  from  the  illustrations,  A and  B,  Fig.  1,  are 
two  plates  of  lead  entirely  covered  with  an  adherent 
coat  of  ebonite  (caoutchouc  durci)  with  the  excep- 
tion of  their  operative  surfaces  m n : the  plates  may 
therefore  be  said  to  be  encased  in  a rigid  ebonite 
frame.  Each  element  carries  upon  the  upper  edge 
projections,  not  shown,  which  rest  upon  small 
metallic  strips  fixed  to  the  containing  vessel  R, 
having  a lining  V of  gutta-percha  or  lead.  These 
conducting  strips  serve  to  attach  the  plates  to  the 
terminals.  The  contacts  may  be  made  by  small 
mercury  cups.  To  I’ender  the  cells  operative,  the 
cavities  C D are  filled  wdth  reduced  and  peroxidised 


compounds  of  lead  respectively,  the  former  mixed 
with  a solution  of  an  alkaline  salt  such  as  potassic 
cyanide,  and  the  latter  simply  with  water.  Tlie 
plates  are  then  drained,  and  over  each  layer  of 
powder  is  placed  a woollen  cloth,  felt,  or  similar 
material  d,  and  a rigid  perforated  plate  e,  connected 
to  each  element  by  an  india-rubber  band  f.  The 
couple  is  then  plunged  into  a vessel  containing 
dilute  sulphuric  acid,  or  other  suitable  excitant. 
When  it  is  required  to  recharge  the  cell,  the  ex- 
hausted material  is  scraped  off  the  lead  plates,  and 
replaced  by  fresh  material.  It  is  then  removed  to 
be  revivified.  By  alternative  methods,  the  opera- 
tive mixtures  are  formed  from  an  amalgam  of  lead. 


or  from  finely  rasped  lead,  which  is  placed  in  the 
cavities  C and  1),  and  exposed  to  the  usual  “ form- 
ing” action  of  the  electric  current,  its  direction  being 
reversed  several  times  during  the  process,  h'ig.  ‘2 
represents  a double  element  constructed  in  a similar 
manner,  ij  being  plates  of  porous  earthenware 
placed  between  the  couples  to  prevent  polarisation 
by  hydrogen.  Fig.  3 also  illustrates  a double 
element,  but  without  felts  and  perforated  plates, 
its  cavities  being  filled  with  lead  powder  amalga- 
mated to  saturation.  In  one  form  of  cell  the  vessel 
usually  containing  the  exciting  fluid  is  suppressed, 
two  ebonite  frames  being  joined  face  to  face,  leav- 
ing an  unoccupied  cavity  between  the  elements, 
which  is  filled  with  fine  sand  saturated  with  acidu- 
lated water.  Two  batteries,  one  having  its  elements 
arranged  for  tension,  and  the  other  for  quantity, 
have  two  of  their  poles  connected  together,  the 
remaining  two  being  connected  to  the  motor.  After 
more  or  less  discharge  of  the  elements  in  tension, 
they  are  connected  for  quantity  and  the  other 
elements  for  tension,  the  object  being  to  obtain 
the  best  possible  yield  from  the  batteries. 


3,042. —F.  L.  Willard,  London.  Incandescent 
Electric  Lamps,  (id.  (4figs.)  June  28. 

Incandescence  L.^mps. — The  filaments  are  made 
from  thin  strips  of  “white  lines,”  or  ivory,  which 
are  carbonised  by  baking  out  of  contact  with  the 
air,  and  carbon  is  deposited  upon  them  by  holding 
them  in  the  naked  flame  of  a lamp,  or  by  other 
suitable  methods.  The  filaments  may  be  treated 
with  acids  or  alkalies  to  destroy  all  traces  of 
organie  matter,  and  the  woody  substance  may  be 
reduced  to  pulp  by  suitable  chemicals,  and  rolled 


in  sheets  and  stamped  and  carbonised.  They  may 
be  immersed  in  a solution  containing  platinum  or 
iridium,  which  is  decomposed  by  an  electric  current. 
The  filaments  are  secured  to  the  platinum  wires 
by  a cement  composed  of  cannel  coke  dust  and 
coal  tar,  the  ends  being  thickened  and  the  whole 
raised  to  a red  heat.  The  lamp,  of  whatever  shape, 
has  a small  bulb  or  bulbs  formed  at  its  lower  end, 
and  filled  with  granules  of  pure  tin,  copper,  or 
iron,  or  with  mercury.  The  conductors  are  fused 
into  the  glass,  the  upper  one  A being  attached  to 
the  filament  at  C as  described,  and  the  lower  one 
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I!  inserted  into  tlic  small  bullj  F so  as  to  make  a 
good  connection  with  the  metal  therein.  Tlie  con- 
ductor attached  to  the  lower  end  of  the  lilament 
passes  through  tlie  narrow  neck  K,  which  serves  as 
a guide,  into  the  hull)  F,  and  makes  a connection 
with  the  metal  therein  and  is  free  to  expand  and 
contract. 

3.047.  — W.  Spence,  London.  {M.  Kott/ra, 
Parix.)  Telephone  Receivers.  (Id.  (13 
figs.)  .June  28. 

1’f-rm.\nent  jMagnet.s. — These  are  composed  of 
tnultiple  bars,  sei^arately  magnetised  and  solidly 
bound  together ; the  polar  extremities  carry  soft 
iron  pieces,  the  terminals  of  which  are  brought 
close  together. 

3.048.  — G.  Macaulay-Cruikshank,  Glasgow. 

( ir.  E.  Banta,  Sprin(jfid(.l,  Ohio,  U.S.A.)  In- 
sulating and  Protecting  Telegraph  Wires. 
Gd.  (3  tigs. ) .June  28. 

Conductors. — The  protection  consists  of  a series 
of  insulating  terra-cotta  or  artificial  stone  troughs 
A,  hermetically  connected,  and  hermetically  closed 
l)y  a coping  B of  granite,  or  other  rock,  or  cast 
iron.  At  intervals  along  the  trough  are  brass  feet 
C supporting  pillars  D.  Fitted  upon  D are  washers 
and  glass  spools  E,  with  circumferential  grooves, 
to  which  the  conductors  are  attached  by  fine  bind- 
ing wire  G.  The  troughs  may  take  the  form  of  a 
hollow  pavement  kerb,  and  be  provided  with  open- 
ings for  the  passage  of  branch  conductors.  The 
ends  are  prefei’ably  interlocked  and  luted  with 


litharge,  or  other  suitable  material.  J'he  pillars 
1 ) may  be  bolted  to  wooden  shoes  cemented  in  a 
transverse  groove  in  the  bottom  of  the  trough,  or 
they  may  be  secured  whilst  casting  or  moulding 
the  trough.  The  washers  may  be  omitted  and 
the  spools  screw  - threaded.  The  troughs  are 
sunk  so  th.at  their  top  surfaces  are  level  with  the 
street  or  pavement.  'I'he  conductors  may  be  sup- 
ported by  a number  of  terra-cotta  blocks,  retained 
vei-tic.ally  by  posts  or  uprights,  or  they  may  be 
passed  through  holes  or  slots  in  brass  plates,  glass, 
or  other  insulating  thimbles  ineventing  contact 
between  the.  conductors,  and  the  s)i)))K)i'ting  jilates. 


j which  have  eyes  on  their  vertical  edges,  may  be 
I secured  by  pins.  The  trough  m.ay  be  filled  with 
sand. 

j *3,054. — J.  C.  Mewburn,  London.  {F.  lihjaud, 

Paris.)  Apparatus  for  Regulating  the  Pro- 
duction of  Electricity.  2d.  June  28. 

Current  Regul.\tor.  — The  transmission  of 
motion  from  the  engine  to  the  generator  is  effected 
' by  frictional  contact  of  a disc,  di'iven  at  a constant 
speed  by  the  engine,  against  a roller,  keyed  on  the 
shaft  of  the  generator  and  movable  along  this  shaft, 
which  roller  ap23roaches  the  centre  of  the  disc  as  the 
current  increases  ; or  by  means  of  a strap  passing 
i over  two  cones  on  jjarallel  axes,  moved  by  a fork  ; 

! or  by  means  of  a spherical  roller  running  on  a re- 
I volving  surface.  The  roller,  fork,  or  other  device 

! is  controlled  by  a rack,  worked  by  a pinion  keyed 

on  a shaft  which  is  common  to  two  bevel  wheels, 
and  between  these  bevel  wheels  is  another  wheel 
fixed  on  a shaft  at  right  angles  to  the  other 
I shaft.  This  second  shaft  is  kept  in  equilibrium  by 
a sijring  or  counterweight,  and  the  attraction  of  an 
electro-magnet  in  the  main  or  in  a shunt  circuit,  and 
according  to  the  current  passing,  is  either  midway 
between  the  two  bevel  wheels,  or  in  gear  with  one 
I of  them,  and  thus  adjusts  the  2>osition  of  the  roller 
or  fork  ; or  the  magnet  may  be  made  to  move  the 
two  bev^el  wheels.  In  another  arrangement,  a rod 
I attached  to  the  roller  or  fork  may  be  placed  be- 
tween two  rollers  rotating  in  the  same  direction,  and 
I have  its  position  controlled  by  an  electro-magnet ; 

! or  a contact  m.ay  be  controlled  by  a ball  governor 
turning  under  the  action  of  an  electro-motor  jilaced 
in  the  main  circuit. 

I 3,070. — E.  de  Pass,  London.  {C.  Roosevelt  and 

I B.  Ahdank,  Paris.)  Electric  Arc  Lamps. 

6<1.  (6  figs.)  .June  29. 

I Arc  L.\mps. — The  upper  carbon  B is  fixed  in  a 
clamp  B at  the  lower  end  of  the  toothed  rod  T, 
which  j)asses  through  the  centre  of  the  fixed  iron 
core  a of  the  solenoid  A,  electric  continuity  being 
maintained  between  the  carbon  and  the  solenoid 
coils  by  the  flexible  connection  I.  Resting  upon 
the  frame  /’is  the  soft  iron  armature  1)  (Figs.  1 and 
2),  which  is  provided  with  a tube  sliding  freely  in 
the  socket  m.  Attached  to  the  tube  is  a pawl  h 
which,  when  no  current  glasses  through  the  lami), 
does  not  engage  the  teeth  of  the  rod  'I'.  Uiion 
the  excitation  of  the  solenoid  coils,  the  armattire 
becomes  attracted  iqiwards,  and  the  pawl  being 
brought  in  contact  with  the  Jockey  roller;/,  or  othci' 

! oiuivalcnt  contrivance,  engages  the  teeth  of  the 

‘ rod,  which  it  raises  and  forma  the  arc.  In  a modi- 

1 fication,  one  side  of  the  armature  i.s  made  higher 
I than  the  other,  and  the  lod  T is  plain  ; the  higher 
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portion  of  the  atniature  being  attracted  more 
quickly  than  the  lower  portion,  the  armature  is 
canted  and  grips  and  raises  the  rod  '1'.  A counter- 
weight may  be  provided  on  the  lower  part  of  the 
armature.  In  Fig.  il  the  armature  I)  is  fixed, 
while  the  iron  core  of  t!ie  solenoid  moves,  and  the 
pawl  h is  replaced  by  the  lever  /,  which  is  pivotted 
to  the  core  at  x,  and  carries  at  its  lower  end  an 
iron  block  L.  Upon  a current  flowing  through 
the  solenoid  coils,  L is  attracted  towards  the  rod 
T,  which  is  gripped  between  the  projection  I upon 
the  centre  of  the  lever  and  the  two  screws  v and  r'. 
At  the  same  time  the  core  moves  towards  its  arma- 
ture, carrying  the  carbon-holder  and  carbon  with 
it.  The  whole  of  the  mechanism  described  above 
is  carried  by  the  rack  C,  the  descent  of  which  is 
regulated  by  any  ordinary  mechanism  ; or  the  sole- 
noid A is  also  wound  with  fine  wire  in  a shunt 
circuit,  the  terminals  of  which  are  connected  to 
the  microphonic  contact  of  the  “ resistance  balance” 
described  in  Specification  No.  339  of  1882,  the  cur- 
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rent  being  passed  through  the  shunt  circuit  in  a 
contrary  direction  when  the  arc  becomes  too  long, 
causing  the  armature  to  descend.  In  a modifica- 
tion of  the  resistance  balance,  the  liglit  rod  of  the 
balance  breaks  a contact,  causing  the  shunt  current 
to  flow  through  an  electro-magnet,  and  to  the  fine 
wire  of  the  solenoid  of  the  lamp  ; the  electro- 
magnet attracts  an  armature,  causing  the  contact 
to  remain  broken  until  the  armature  of  the  lamp 
solenoid  descends  and  breaks  the  circuit,  when  the 
contact  will  be  closed.  A spring  may  be  sub- 
stituted for  the  main  solenoid  of  the  balance.  In 
an  arrangement  for  separating  the  carbons  on  their 
accidentally  approaching  each  other  too  nearly, 
one  bobbin  of  the  balance  is  arranged  in  a shunt 
circuit,  and  tlie  other  partly  in  a shunt  and  partly 
in  the  main,  and  in  such  a manner  that  normally 
the  light  rod  is  on  the  side  of  the  shunt  bobbin, 
but  when  the  arc  is  too  long  it  is  attracted  to  the 
side  of  the  compound  bobbin  and  opens  a contact, 


causing  the  current  to  pass  through  the  fine  wire 
of  tlie  compound  l)obbin  and  to  oppose  the  action  of 
the  main  wire,  causing  the  bar  to  suddenly  return 
1 to  its  normal  position.  At  the  same  time  that  the 
' contact  is  broken,  a current  is  sent  to  the  lamp 
and  causes  the  carbons  to  separate. 

*3,073. — H.  Binko,  London.  Electric  Railways 
and  Tramways.  2d.  June  29. 

ILonductors. — The  electromotive  force  of  the 
dynamo  or  motor  is  increased  by  arranging  the 
wheels  of  the  additional  vehicle  or  vehicles  hauled, 

' so  that  each  or  some  of  them  shall  collect  from  one 
' of  the  rails,  or  other  conductor,  an  additional 
(piantity  of  electric  current,  to  be  conveyed  to  the 
j electric  motor.  When  suspended  conductors  are 
employed,  two  or  more  contact  brushes  collect  the 
additional  current.  The  current  to  the  electro- 
motor is  made  and  broken  through  “a  peculiarly 
arranged  resistance”  enabling  the  current  to  be 
cut  off  or  supplied  gradually.  The  resistance  is 
submerged  in  water  contained  in  a closed  box. 
India-rubber  or  other  insulating  material  is  inter- 
posed between  the  rails  and  sleepers,  the  holding 
spikes  being  driven  into  the  sleeper  without  being 
in  actual  contact  with  the  rail,  and  a washer  being 
interposed  between  the  head  of  the  spike  and  the 
insulating  material.  If  chains  are  used  they  are 
made  of  insulating  material,  or  are  reversed,  insu- 
lating material  being  inserted  into  the  recesses 
to  support  the  rail.  The  ends  of  tlie  rails,  and 
the  parts  forming  the  joints  or  fastenings,  are 
galvanised  or  suitably  coated  to  obviate  rust  and 
consequent  increased  resistance. 

*3,079.— J.  H.  Job  nson,  London.  {L.  Burdoit, 
Parix.)  Electric  Lamps.  2d.  June  .30. 

Arc  L.viii’s. — The  upper  carbon  is  supported  by 
a rod  provided  with  a helix,  or  quick  screw  thread, 
acted  upon  liy  a lever  which  works  in  combination 
with  a shunt  solenoid  or  electro-magnet,  the  screw 
thread  preventing  the  carbon  from  falling  suddenly. 
The  rod  passes  through  guides,  the  lower  guide 
being  provided  with  an  internal  helix  acting  as  a 
nut  to  the  rod.  The  guides  are  attached  to  a 
bracket  carrying  the  shunt  solenoid.  To  the 
under  side  of  the  threaded  guide  is  pivotted  a bent 
lever,  wliose  short  arm  bears  against  the  side  of 
the  rod,  whilst  the  long  arm  carries  the  armature 
of  the  solenoid,  which  is  suspended  by  a spring. 
The  bearing  surface  of  the  short  arm  is  concave, 
and  is  covered  u ith  india-rubber  or  felt. 

*3,097.  — A.  Watt,  Liverpool.  Secondary 
Batteries.  2d.  June  30. 

Secondary  B.itterie.s. — An  alloy  or  mixture  of 
lead  and  zinc,  or  other  metal  electro-positive  to 
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lead,  is  produced,  in  a granulated  form,  by  pouring 
the  molten  alloy  into  water,  or  subjecting  it  to  a 
jet  of  higli-pressure  steam  or  air,  and  is  pressed 
into  slabs  or  other  solid  forms.  These  slabs  are 
surrounded  by  a framework  of  lead  cast  on  them, 
or  are  placed  in  a perforated  box  of  insulating  ma- 
terial. The  connections  are  made  l)y  strips  of  lead 
interlaced  or  embedded  in  the  mass,  as  described 
in  Specification  No.  4,255  of  1881.  The  slabs,  as 
above  prepared,  are  immersed  in  a solution  of  a 
salt  of  lead,  the  zinc  being  replaced  by  spongy 
lead,  or  the  zinc  may  be  simply  removed  by  an  acid  : 
tliey  are  then  washed,  pressed,  and  placed  together 
in  a bath  of  dilute  sulphuric,  phosphoric,  or  boracic 
acids,  or  a mixture  of  these,  and  separated  from 
each  other  by  insulating  material.  The  negative 
jdates  of  the  batteries  described  in  the  above- 
mentioned  specification  are  formed  of  a carbon 
plate  surrounded  with  a mixture  of  granulated 
peroxide  of  manganese  and  granulated  carbon, 
enclosed  between  perforated  insulating  plates, 
mercury  being  introduced  into  a groove  in  the 
upper  edge  of  the  carbon  to  make  good  connection, 
and  retained  in  position  by  the  cover  of  the  trough  ; 
or  they  are  formed  of  a mixture  of  granulated 
oxide  of  manganese,  and  granulated  or  fibrous  lead, 
enclosed  in  a perforated  casing. 

*3,099. — A.  R.  Leask  and  F.  P.  Smith,  London. 

Preparation  of  Carbon  Filaments.  2d. 

.1  line  30. 

Incandescence  L.\mps. — The  filament  is  placed 
in  a glass  vessel  through  which  is  passed  car- 
buretted  hydrogen  gas  ; a current  passed  through 
the  filament  decomposes  the  gas,  and  a deposit  of 
carbon  takes  place  upon  the  filament ; a regulator 
is  provided  to  control  the  supply  of  gas  in  the 
vessel.  The  tool  for  holding  the  filament  consists  [ 
of  two  rods,  having  a spring  catch  to  each  some- 
what like  the  keys  of  a flute,  and  adjusting  springs. 
Each  rod  carries  a projection,  which  presses  upon 
and  makes  contact  with  a spring  forming  the  end 
of  the  lead  or  return  conductor.  A switching 
arrangement  operated  by  a pedal  is  used,  by  means 
of  which  contact  can  be  made  cither  with  the 


dynamo  machine,  or  with  the  battery  system  and 
galvanometer  for  testing  the  filament.  The  fila- 
ment is  observed  through  a piece  of  coloured  glass. 
A contact  breaker  consists  of  a plunger  pressed 
into  an  iron  vessel  containing  water,  against  the 
resistance  of  a spring,  the  circuit  being  completed 
through  the  water.  An  electro-magnet  is  placed 
upon  dynamo  return  wire.” 

3,101.  — R.  H.  Courtenay,  London.  Electric 
Lamp.  fid.  (4  figs.)  .June  30. 

Arc  Lame. — Figs.  1 and  2 are  side  and  front 
views  respectively  of  the  lamp,  and  Figs.  3 and 
4 a vertical  section  and  plan  respectively  of  the 
gripping  device,  drawn  to  an  enlarged  scale.  The 
iron  cores  D 1),  fixed  to  the  plate  E,  work  within 
the  two  solenoids  C C.  The  plate  E has  a wedge- 
shaped  slot  F,  which  carries  the  gripping  blocks 
G G.  The  blocks  G G,  when  down,  rest  upon  a 


plate  11,  which  has  an  extra  thickness  h on  one 
side  to  prevent  the  blocks  from  jamming.  I is  an 
adjusting  screw',  and  L L two  springs  to  retain 
the  blocks  in  position.  When  the  current  passes 
to  the  lamp,  the  solenoids  draw  up  the  cores  1)  I), 
plate  E,  and  blocks  G G,  and  establish  the  arc,  the 
blocks  gripping  the  carbon  rod  15  so  as  to  retain  it 
at  the  reijuired  height. 
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4,903.  — W.  R.  Lake,  London.  (E.  Weston, 
Newavl:,  N.J.,  U.S.A.)  Magneto-Electric 
Machines.  Is.  2d.  (22  figs.)  December  27. 

Dyn.^mo-Electric  Generators.  — The  upper 
ends  of  the  two  vertical  cores  of  the  stationary 
electro-magnets,  mounted  on  a hed-plate,  are  bolted 
to  a cross-piece,  and,  at  the  centre  of  their  length, 
the  cores  are  provided  with  laterally  projecting 
pole-pieces  of  opposite  polarity.  The  armature 
is  cylindrical,  and  its  core  consists  of  a hollow 
elongated  sphere,  provided  with  a series  of  equi- 
distant ribs  parallel  with  its  axis  and  projecting 
from  its  ends,  by  means  of  which  it  is  secured 
to,  but  insulated  from,  the  edges  of  two  cup-shaped 
discs,  each  provided  with  long  hubs  through  w'hich 
passes  the  armature  shaft.  This  shaft  carries  an 
internal  magnet.  The  commutator  is  fixed  to  one 
hub  and  the  driving  pulley  to  the  other.  One  end 
of  the  elongated  sphere  is  removable,  being  held  in 
place  by  screws  passing  radially  into  the  ribs.  The 
screws  securing  the  core  to  the  discs  are  inserted 
through  plugs  of  insulating  material  in  the  discs. 
The  core  may  be  bisected  longitudinally,  the  two 
parts  being  insulated  from  each  other.  The  number 
of  distinct  and  similar  systems  of  armature  coils 
corresponds  to  half  the  number  of  ribs,  and  the 
two  ends  of  each  coil  are  connected  with  diametri- 
cally opposite  plates  of  a commutator,  the  number 
of  insulated  plates  being  equal  to  twice  the  number 
of  coils.  The  ends  of  the  elongated  sphere  are 
perforated,  and  radial  holes  are  bored  through  the 
ribs,  the  pole-pieces  being  provided  with  corre- 
sponding grooves,  to  allow  the  air  to  escape  from 
the  interior  of  the  core,  the  rapid  circulation  of 
air  tending  to  cool  the  structure.  The  commutator 
is  of  disc  form,  the  plates  on  opposite  sides  of  a fixed 
diameter  being  of  opposite  polarity.  Each  brush 
overlaps  two  or  more  of  the  plates.  The  current 
passes  from  one  brush,  through  the  outer  field 
magnets,  outside  circuit,  inner  field  magnet,  and 
shaft  to  the  other  brush.  The  armature  may  be 
provided  with  two  commutators,  each  composed 
of  half  the  number  of  plates,  in  which  case,  one 
circuit  includes  the  outer  field  magnets  and  the 
other  the  internal  field  magnet.  The  latter  may 


be  rotated  in  the  opposite  direction  to  the  arma- 
ture. The  core  of  the  armature  may  be  of  papei', 
rivetted  to  ribs  of  metal.  The  method  of  mount- 
ing the  core  is  stated  to  be  especially  conve- 
nient when  the  coils  are  made  of  flat  strips.  In 
another  form  of  generator,  an  internal  field  magnet 
rotates  within  a stationary  cylindrical  armature. 
The  armatui'e  core,  which  may  be  of  non-magnetic 
material,  consists  of  two  or  more  rings,  joined  to- 
gether by  equidistant  ribs  parallel  with  the  axis  of 
the  cylinder,  which  serve  to  divide  the  periphery. 
Each  coil  is  supported  in  diametrically  opposite 
segments.  The  outermost  surfaces  of  the  libs  are 
curved  to  fit  the  interior  of  a cylindrical  iron  shell, 
to  which  they  are  secured  by  screws,  and  which  is 
open  at  the  ends  and  provided  with  foot-pieces 
for  securing  it  to  the  bed.  The  internal  magnet 
is  supported  on  a shaft  revolving  in  bearings  in 
horizontal  arms  extending  across  each  end  of  the 
iron  shell.  The  shaft  is  kept  from  end  movement 
by  means  of  a collar  and  the  hub  of  the  driving 
pulley.  Radial  arms,  extending  inwards  from  the 
outer  rings  of  the  armature  core,  support  sleeves 
surrounding  the  shaft,  and  thus  prevent  the  por- 
tions of  the  coils  crossing  the  ends  of  the  cylinder 
from  coming  in  contact  with  the  shaft.  The  poles 
of  the  internal  magnet  subtend  three  parts  of  the 
armature.  The  commutator  consists  of  two  con- 
centrical  strips,  which  extend  laterally  from  the 
opposing  faces  of  two  hubs,  and  overlap  each 
other  on  opposite  sides  of  the  shaft.  The  outer 
hub  is  insulated,  and  is  elongated  to  form  a 
bearing  for  a brush  connected  to  one  terminal 
of  the  generator.  Outside  this  hub  is  an  insulated 
metallic  collar  upon  which  a biush,  connected 
to  the  other  terminal,  bears.  The  inner  face  of 
the  collar  is  connected,  by  a conductor  enclosed 
in  an  insulating  tube  passing  througli  the  hub,  to 
an  insulated  collar,  connected  by  a similar  con- 
ductor passing  through  the  enlarged  journal  of 
the  shaft,  to  one  terminal  of  the  internal  field 
magnet,  the  other  terminal  being  connected  to 
the  shaft,  and  thus  to  the  inner  hub,  which  is 
mounted  directly  on  the  shaft.  The  ends  of  tlie 
coils  are  connected  to  separate  brushes  bearing 


n n n 


ccclxii 


Iddenda  to  Abstracts  of  Patents. 


on  the  strips  from  the  hubs,  and  are  secured  in 
slotted  stems  projecting  laterally  from  the  face  of 
an  annular  cup-shaped  disc  of  insulating  material 
supported  on  the  crossbar.  Air,  drawn  in  by  the 
internal  magnet,  is  thrown  out  through  the  inter- 
stices between  the  coils  and  the  ribs,  and  through 
radial  holes  in  the  ribs  and  iron  shell.  In  order 
to  render  the  electromotive  force  of  the  current 
constant  for  the  different  relative  positions  of  the 
coils  and  field  magnets,  the  terminals  of  a gene- 
rator are  connected  to  a condenser  of  ordinary 
construction.  In  one  form  of  armature  of  the 
cylindrical-ring  or  hollow-drum  type,  the  core 
is  made  in  sections,  each  section  comprising  a 
curved  portion  upon  which  the  coil  is  wound, 
and  having  one  end  bent  radially  outward  to 
form  a pole,  and  the  other  end  bent  inward  to 
form  a contact  with  the  central  shaft,  the  seg- 
ments being  bound  together  by  clamping  rings. 
Two  diametrically  ojiposite  coils  are  connected  in 
series  and  to  opposite  plates  of  a commutator.  A 
cylindrical  armature,  which  may  be  substituted 
for  the  armature  and  internal  magnet  first  de- 
scribed, is  constructed  of  a series  of  separate  discs, 
each  of  which  is  perforated  centrally  to  receive  the 
main  shaft,  collars  being  interposed  between  the 
discs.  Each  disc  is  slit  radially  and  is  pi’ovided 
with  projecting  tongues  forming  the  poles.  Two 
or  more  holes  may  be  bored  through  each  disc,  and 
they  may  be  mounted  on  a hollow  shaft  provided 
with  openings  on  its  periphery  corresponding  with 
similar  radial  holes  in  the  collars  ; the  hollow  shaft 
may  be  surrounded  at  each  end  by  a tubular  shield 
having  a wide  cup-shaped  flange  perforated  trans- 
versely and  secured  to  the  end  of  tlie  armature, 
w'hich  is  recessed  to  form  an  air  chamber.  An  air 
supply  pipe  may  be  afli.ved  by  a swivelling  coupling 


to  the  end  of  the  shaft,  and  air  forced  through  the 
armature.  The  coils  may  be  connected  to  the  com- 
mutator by  conductors  passing  through  insulating 
tubes  in  an  enlarged  journal,  or  by  insulated  con- 
ductors carried  through  the  hollow  shaft.  The 
armature  core  may  be  built  up  of  insulated  soft 
iron  wire,  or  strips  wound  upon  the  periphery  of  a 
hollow  shaft  or  cylinder  between  radially  project- 
ing parallel  guides,  the  ends  of  the  wire  or  strips 
being  insulated  from  each  other.  The  provisional 
specification  also  describes  the  following  : A me- 
chanical circuit  closer  and  breaker  is  employed  to 
open  and  close  the  main  circuit  from  the  generator 
or  to  close  a short  circuit  between  the  terminals, 
coincidentally  with  predetermined  variations  in  the 
strength  of  the  current  resulting  from  changes  in 
the  speed.  The  field  magnets  are  partially  wound 
with  a conductor  in  “a  differential  circuit,”  con- 
taining a resistance  coil,  which  is  constantly 
closed  and  provides  for  a continuous  circulation  of 
the  current  through  the  coils  of  the  field  magnets, 
even  when  the  main  circuit  is  broken,  and  thus 
prevents  a reversal  of  polarity.  The  circuit 
breaker  comprises  a disc  driven  by  the  generator, 
or  by  the  motor  driving  the  generator,  mounted 
on  a standard  connected  with  one  of  the  circuit 
conductors.  A cylindrical  hub  is  attaclied  to, 
but  insulated  from,  the  disc.  Two  blocks  slide  in 
opposite  radial  slots  in  the  disc,  and  their  sides 
project  over  the  hub,  and  are  forced  to  bear  upon 
its  periphery  by  means  of  adjustable  spiral  springs, 
except  when  the  centrifugal  force  overpowers  the 
springs.  The  hub  is  connected  with  the  circuit  by 
means  of  a standard  supporting  a brush  bearing 
on  the  rotating  hub,  the  circuit  being  completed 
through  the  disc  and  hub  by  means  of  the  sliding 
blocks. 


1881. 


190. — E.  Edmonds,  London.  [O.  M.  Mowhray, 
North  Adamn,  d/a.ss. , U.S.A.)  Treating 
Caoutchouc  and  Gutta-Percha.  4d. 
.lanuary  14. 

Conductors.  — To  prevent  the  decomposition 
which  takes  place  on  exposing  these  gums  to  the 
air,  they  are  treated  with  melted  naphthaline,  at  a 
low  temperature,  until  perfectly  combined,  every 
particle  of  the  excipient  being  subsequently  removed 
by  spontaneous  evaporation. 

1,272. — W.  R.  Lake,  London.  (H . SplUdorf,  New 
York,  U.S.A.)  8d.  ((ifigs.)  March  22. 

CoNDUCTOR.s. — The  wire  is  first  coated  with  shellac, 
which  is  heated,  and  tlien  covered  with  “slivers”  or 


rovings  of  cotton,  which  have  their  twist  taken  out 
of  them  as  they  are  laid  on  the  wires.  Tliis  is  ac- 
complished by  using  a machine  having  a sliver- 
carrier,  provided  witli  feed  rollers,  so  constructed 
as  to  draw  the  sliver  off  its  bobbin  as  the  carrier 
rotates,  and  pass  the  sliver  to  a pair  of  rollers, 
which  untwist  it  and  pass  it  on  to  a spreading 
device,  which  forms  it  into  a flat  ribbon.  'I'he 
spread  fibres  are  laid  on  the  wire  by  a pair  of  rollers, 
or  guides,  set  close  to  it. 

*1,577.  — J.  Hopkinson  and  A.  Muirhead, 
London.  Electric  Telegraphs,  &c.  2d. 

April  11. 

Dynamo-Electkk!  Oener.vtor.  -The  inventors 
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use  a secoiulary  battery,  or,  in  some  cases,  a con- 
denser, in  conil)ination  with  a dynamo-electric 
generator,  for  telegiaphic  purposes. 

1,834. — H.  J.  Haddan,  London.  (C.  F.  Jh-Ki/i, 
Clcvclaml,  Ohio,  U.F.A.)  Reflectors,  (id. 
(14  figs.)  April  28. 

Rkflkctoks. — These  are  concave,  and  are  formed 
of  a flat  sheet  bent  into  the  form  of  a parabola. 
One  or  more  cut-off  plates  are  provided,  for  the 
purpose  of  intercepting  the  direct  rays  of  light, 
without  interfering  with  the  reflected  rays.  In 
another  arrangement,  a cut-off  tube,  having  a non- 
reflecting  inner  surface,  is  used  for  the  same 
purpose. 

1,897. — W.  A.  Barlow,  London.  Obtaining, 
Storing,  and  Utilizing  Gas  for  Lighting 
and  other  Purposes.  6d.  (C  figs.)  May2. 
Dynamo-Electric  Generator. — The  gases  are 
produced  by  electrolytic  decomposition,  a dynamo- 
electric  generator  being  employed  to  supply  the 
necessary  current. 

2,414. — J.  A.  Sparling,  London.  Manufacture 
of  Milanaise,  &c.  fid.  (10  figs.)  June  1. 
Conductors. — An  insulating  material  for  con- 
ductors has  a cotton  core  covered  with  silk,  and 
is  laid  on  the  wire  by  a machine  having  a hollow 
spindle,  and  a bobbin  and  flyer. 

2,564. — J.  R.  Wigham,  Dublin.  Locomotive 
Engines  for  Tramways,  Railways,  &C.  fid. 
.June  16. 

Motor. — “Dynamo-electric  engines  maybe  em- 
ployed” to  supply  the  motive  power. 

2,658. — A.  D.  Roth,  London.  Apparatus  for 
Saving  Life  and  Property  at  Sea.  fid. 
(8  figs.)  June  17. 

Electric  Light. — A buoy  is  used,  containing  a 
reservoir  for  storing  electricity,  and  surmounted  by 
an  “electric  light.” 

3,049. — F.  W.  Haddan,  London.  (L.G.  Woolley, 
Mendon,  Mich.,  U.S.A.)  fid.  (8  figs.)  .July  12. 
Arc  Lamp. — The  whole  of  the  regulating  me- 
clianism  is  placed  inside  a dash-pot,  and  is  kept  con- 
stantly immersed  in  glycerine,  or  other  lubricant. 
Fig.  1 shows  the  upper  part  of  a lamp  ; Pig.  2 is  an 
enlarged  view  of  the  dash-pot ; and  Fig.  .3  is  an  ele- 
vation of  the  carbons  and  clamps.  D is  an  axial 
solenoid,  the  core  of  which  is  connected  by  the  rod 
0 to  the  lifting  lever  P.  This  lever  is  pivotted  in  a 
groove  Q,  and  when  the  core  is  raised,  it  bites  into 
the  inner  surface  of  the  carbon-holder,  and  draws  it 
up.  When  the  core  falls,  the  lever  and  bolder  drop 


with  it,  and  come  in  contact  with  the  piston  .1, 
depending  from  the  rod  I,  the  frictional  connection 
is  then  broken,  and  the  carbon-holder  descends 
by  gravity  until  an  upward  motion  of  the  core 
Fiu.  1.  Fig.  3. 


causes  the  lever  again  to  bite.  If  glycerine  be 
found  objectionable,  a spring  between  Q and  .1  may 
be  substituted  for  it.  Tlie  clamp  I'  of  the  upper 
carbon-holder  (Fig.  3)  is  secured  to  the  adjustable 
bar  D"  by  solder,  which  melts  when  the  arc  ap- 
proaches too  closely.  An  insulated  chain  L serves 
to  catch  the  clamp  as  it  falls. 

3,113. — E.  Eteve  and  C.  C.  Lallement,  Paris. 
Motive-Power  Engine  Operated  by  Hydro- 
carburetted  Air.  fid.  (5  figs. ) July  16. 
Magneto-Electric  Generator. — A small  mag- 
neto-electric generator,  driven  by  the  engine,  is 
employed  to  explode  the  gaseous  mixture. . 

4,458. — W.  H.  Akester,  Glasgow.  Vacuum 
Pumps,  fid.  (2  figs. ) October  13. 
Incandescence  L.\mps. — This  invention  relates 
to  theemployment,  in  vacuum  pumps  for  exhausting 
incandescence  lamps  bulbs,  of  an  internal  tube  and 
stopper,  or  closing  valves,  arranged  so  that  the 
internal  tubes  carrying  the  exhausted  lamp  can  be 
removed  from  the  other  parts  of  the  pump,  without 
destroying  the  vacuum  in  the  lamps. 

4,918. — J.  Stanfield  and  J.  L.  Clark,  London. 
Raising  Sunken  Vessels,  &.C.  8d.  (21  figs. ) 
November  9. 

Motor.— A “dynamo-electric  machine,”  enclosed 
in  an  air-tight  case,  is  used  to  actuate  the  necessary 
drills,  &c. , required  for  piercing  the  sides  of  a sub- 
merged vessel. 

5,000.  — C,  H.  Steam,  Newcastle -on -Tyne. 
Mercurial  Air  Pumps.  fid.  (3  figs.) 
November  lo. 
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Incande.scenck  Lamps. — This  invention  relates 
to  an  automatic  feed,  by  which  the  mercury  em- 
ployed in  a Sprengel  pump  is  periodically  i-eturned 
to  its  source.  Referring  to  the  illustration,  A is  a 
compound  mercurial  tube,  which  may  be  of  less 
lieight  than  the  barometrical  column  ; at  its  upper 
end  it  communicates  with  the  receiver  C,  and  at  its 
lower  end  M’itli  the  receiver  D.  The  upper  receiver 
communicates,  Ijy  a cock  and  flexible  tubes,  with  an 
exhausting  apparatus,  and  as  soon  as  a sufficient 
vacuum  is  obtained  the  cock  is  closed.  The  loM  er 
receiver  is  supported  by  a spring  r,  attached  to 
one  arm  of  a lever  centred  on  a fixed  point,  and 
carrying,  at  its  other  end,  a valve  E ground  to  fit  a 
seating  in  the  globe  D.  This  valve  is  maintained 
closed,  so  long  as  the  weight  of  the  receiver  and  the 


accumulated  mercury  are  insufficient  to  disturb 
the  spring.  The  joint  G is  llexilfle,  so  as  to  permit 
the  motion  of  the  receiver.  Communication  is 
made  by  the  passages  H with  anotlier  mechanical 
exhauster.  The  cock  I cuts  oil'  communication 
between  tlie  main  part  of  the  apparatus  and  the  re- 
ceiver, and  when  it  is  opened  the  e.xtcrnal  atmo- 
sphere enters  the  lower  receivei-  by  the  valve  E,  and 
causes  the  elastic  diapliragm  E-  to  distend  towards 
the  left  (as  in  the  dotted  lines),  forcing  the  mercury 
through  the  tubes  d and  K,  up  the  small  tube  .),  and 
into  tlie  upper  receiver  C,  whence  it  desceiubs  l>y 
the  tubular  connection  L,  and  passes  by  the  tube  I to 
the  compound  fall  tube  A,  and  acts  tliere  in  the 
usual  manner.  When  the  lower  receiverisliglitened. 


it  rises  and  shuts  the  valve  E ; the  pump  connected 
to  H is  then  brought  into  action,  and  the  diaphragm 
drawn  back  to  the  right-hand  dotted  line,  ready  for 
the  reception  of  more  mercury.  The  spring  may  be 
replaced  by  a counterweight,  or  an  electrically  con- 
trolled contact. 

5,548. — L.  A.  Groth,  London.  {II.  Goebel  and  J. 
ir.  Kideiikamp,  New  York,  U.S.A.)  Vacuum 
Pumps.  6d.  (1  fig.)  December  19. 

Inc.vndescence  Lamps. — The  pump  is  charged 
by  raising  the  mercury  reservoir  D above  the  level 
of  the  upper  part  of  the  pump  C,  until  the  mercury 
passes  through  the  valve  d and  the  communicating 
pipe,  back  to  the  reservoir.  The  reservoir  is  then 
lowered,  and  the  pump  frame  tilted  to  the  left,  by 
the  handle  h,  and  its  connecting  rod  a.  The  play  of 


the  pump  will  then  begin  in  the  usual  manner, 
exhausting  the  incandescence  lamp  globes  sealed 
to  the  upper  end  of  the  tube  F,  to  which  the 
pump  is  connected  by  a trougli-shaped  portion 
F*,  increasing  in  depth  as  it  approaches  the  neck  of 
the  pump,  and  extending  nearly  at  right  angles  to 
the  main  part  of  the  tubes.  It  is  made  widest  close 
to  the  point  of  connection,  so  as  to  tlirow  the  mer- 
cury towards  the  angular  connection,  and  form 
there  a seal. 

5,742. — J.  S.  Williams,  Riverton,  N.J.,  U.S.A. 

Heating  and  Rolling  or  Shaping  Metals. 

(id.  December  31. 

Generators. — The  current  from  a magneto  or 
dynamo-clectric  generator  is  supplied  to  a system 
of  secondary  batteries,  fiom  which  it  is  utilised 
for  heating  metal,  during  its  passage  through  rolls 
or  dies. 
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1,652. — J.  J.  Wheeler,  Chelsea.  Curbs  of 
Roads  and  Footpaths.  4d.  April  5. 

Conductors.  — The  curb  is  moulded  of  any 
cement  or  other  suitable  substance,  and  a channel, 
or  channels,  of  any  suitable  section  is,  or  are,  left 
along  its  entire  length,  along  which  may  be  laid 


conductors  or  tubes.  At  certain  intervals  tlie 
curb  is  made  in  two  parts,  an  upper  and  a 
lower,  held  in  place  by  dowels  inserted  in  corre- 
sponding holes  in  the  two  parts.  The  curb  may 
be  formed  of  granite,  bored  out,  or  of  iron,  cast 
to  shape. 


KOTE. 


The  following  description,  by  an  oversight,  was  omitted  from  the  abridgment  of  the  specification  of 
J.  D.  F.  Andrews,  page  Ixxxii.,  No.  2,. 321  of  1879. 

Current  Regulator. — A solenoid  having  an  iron  core  is  introduced  into  the  external  circuit  of  a 
dynamo-electric  generator  driven  by  a steam  or  other  engine.  The  core  is  connected  to  a throttle  or  other 
regulating  valve  of  the  engine,  and  regulates  its  speed  according  to  the  current  passing  through  it. 
Instead  of  applying  the  apparatus  to  the  regulating  valve,  it  may  be  applied  to  vary  the  outlet  of  a fluid 
pumped  by  the  engine  to  act  on  a piston  connected  to  tlie  regulating  valve.  This  is  applicable  when  the 
coils  of  the  generator  do  not  consist  of  parallel  wires. 


ERRATA. 


No. 

Y'ear 

4,171 

1873  For  Capanemb  read  Capanema. 

4,346 

1878 

,,  Berthard  ,, 

Berthoud. 

4,464 

1878 

,,  Buddeley  ,, 

Bulkeley. 

4,699 

1878 

,,  Melbads  ,, 

Melhado. 

5,011 

1878 

,,  Colme  ,, 

Cohn^. 

277 

1879 

„ Cebrian  ,, 

Celrian, 

299 

1879 

No. 

325 

Year 

1879 

For  Paraine  read 

Paraiie. 

2,016 

1879 

,,  Saunders  ,, 

Sanders. 

4,087 

1879 

,,  Berthaud  ,, 

Berthaut. 

4,846 

1879 

,,  Mourdat  ,, 

Mourlot. 

75 

1880 

,,  Reynier  ,, 

Roguier. 

231 

1880 

,,  Lon«r.  ,, 

Lang. 

1,184 

1880 

,,  Linfold  ,, 

Linfoid. 

No.  Year 

1,217  1880  For  Cebrian  read  Celrian. 
1,596  1881  ,,  Winklill  ,,  }yik7ilill. 

2,618  1881  ,,  Jamietoii  ,,  Jameson. 

3,635  1881  ,,  Zubini  ,,  Tubini. 

3,857  1881  ,,  Snew  ,,  Sueur. 

4,037  1881  insert  (A',  de  Kaballi,  Paris.) 
5,IT>6  1881  for  Bali  read  Buell. 
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No. 

Abbott,  W 1,937 

Abbott,  W.,  and  Field,  K.  ..  5,407 

Abdank,  B 339 

Abdaiik,  B.,and  Bousevelt,  C.  3,070 
Abel  {Braeseur,  L.  A.,  and 

Dejaer,  0.)  . . . . 4,296 

,,  (Cic.  GhiArale  d’ Eclair - 

age  Electrique)  . . 1,553 

,,  (Jablochkoff,  P.)  ..  1,745 

,,  (Jamin,  J.  C.)  . . 863 

,,  {Krizik,  F.,  and  Piette, 

L.)  1,397 

„ (Otto,  N.  A.)  1,770 

„ (Sedlaczek,  II.,  and 

Wiknlill,  F.)  ..  ..  2,322 

,,  (Tschikoleff,  H’.,  and 

Kleiber,  H.)  ..  ..  2,198 

„ (Winter,  W.)  ..  1,264 

Achard,  F.  A.  . . 1,387 

Achard,  F.  A 2,453 

Adie,  P. . . 5,211 

Akester,  W.  H 5,525 

,,  . ..  1,642 

„ ....  2,419 

„ ....  2,519 


, , . . . . 

Akester,  VV.  II.,  and  Barnes, 

T.  B 986 

Akester,  \V.  H.,  and  Scott, 

J 1,412 

Aklein,  F.,  Kay  her,  J.,  Tisdel, 

A.  G.,  and  Marx,  E.  . . 351 

Alamagny,  La  SociM,  et 
Oriel  ..  ..  ..  . . 866 

Alberger,  M.  II.,  and  Pettit, 

S. W 4,601 

Alder,  G.  E.,  and  Clarke,  J. 

A 1,442 

Alexander  (Bitririji,  il.)  3,243 

,,  (Lcinaire-Douchy, 

A.)  ..  ..  2,107 

„ (White,  J.  C.,  and 

Hayden,  H.  II.  473 

,,  (Zipernowhky,  K.)  1,580 

Allen  (Knudson,  A.,  and 
Kane,  F.  L.)  . . . . 1,295 

Allen,  P.  R 2,215 

Alliance,  SocUte  I’,  J.  Miot . . 3,743 

Allison,  R.,  and  Hunter,  W. 

J 2,772 

Allison,  ir.  C. . . . . . . 2,256 

Allport,  C.  J 493 

„ 2,192 

Allport,  C.  J.,  and  Punshon, 

R 4,850 

Alteneck,  F.  II.  von,  and 

Siemens,  W. . . . . ..  2,006 

Alteneck,  F.  H.  von,  and 

Siemens,  E.  IF.  . . . . 3,134 

Alteneck,  H.  von  . . 4,949 

Alteneck,  II.,  and  F.  von  . . 2,652 

Anders,  G.  L.,  and  Watson, 

T. A 1,958 

Anderson,  .J,,  and  Johnson, 

W.  C 2,311 


Year  1 
1878 
1881  ' 
1882  i 
18S2  1 


1881  ' 

1880  1 
1881 

1879  j 

1880 

1878  ' 

1879 

1181 
1877  i 

1877 

1880  J 

1880  I 

1881 
1882 
1882 
1882 
1881 

1882 

1881 

1880 

1882 

1878 

1878 

1875 

1876 

1881 

1880 

1880 

1881 

1877 

1879 
1881 
1882 
1882 

1881 

1873 

1878 

1878 

1879 

1880 
1882 


Anderson,  J.  E.,  and  Nelson, 

No. 

Year 

L.  (Paine,  II.  M.,and  E.  L.) 

2,049 

1875 

Anderson,  R.  C. 

1,824 

1880 

Andrb,  E. 

4,053 

1877 

Andre,  G.  G. 

830 

1879 

5,206 

1879 

,, 

1,5C7 

1880 

,, 

2,764 

1880 

,, 

2,563 

4,654 

1881 

y, 

1881 

,1 

4,948 

1881 

y, 

2,432 

1882 

Andrb,  G.  G.,  and  Easton,  E. 
Andri,  J. 

2,833 

1881 

2,252 

1880 

5,268 

1880 

Andrews,  G.  . . 

292 

1878 

Andrews,  J.  D.  F 

416 

1879 

,, 

2,321 

1879 

»» 

1,526 

1881 

*» 

540 

1882 

,, 

1,324 

1882 

*2,321 

1879 

Antill,  B.  H 

1,787 

1882 

Applegarth  (Jablochkoff,  P.) 

3,652 

264 

1876 

Apps,  A. 

Arboiast,  P.,  and  McTiqhe, 

1881 

T.J 

3,778 

1879 

Arey,  A L. 

3,456 

1881 

Arnaud,  A. 

4,074 

1878 

Aron,  H. 

2,943 

1882 

Aronson,  J.  N 

359 

1882 

2,008 

1878 

Aronson,  J.  N,,  and  Farnie, 

305 

1882 

H.  B 

4,163 

1878 

Arras,  C.  H.  0.  H.  1)'. 

1,000 

1873 

Arthur,  W. 

2,128 

1882 

Ashworth,  E.  and  G 

454 

1882 

Asten,  J.  C. 

2,020 

1882 

Atkins,  F.  H. 

Auberville,  Dupont-  (Delaye, 

550 

1873 

F.) 

Aubrey,  A , Chauvin,  F.  M. 
A.,  and  Goizet,  L.  II. 

1,536 

1881 

2,410 

1875 

Auriac,  A.  d’  . 

1,683 

1881 

Avenarius,  M. 

3,025 

1880 

Aylesbury,  H 

4,304 

1881 

Ayrton,  W.  E. . . 

785 

1881 

Ayrton,  W.  E.,  and  Perry,  J. 

783 

1881 

,,  »,  », 

2,613 

1882 

,,  ,,  ,, 

2,642 

1882 

,,  ,,  ,, 

2,830 

3,036 

1882 

1882 

Baggelej',  H.  . . 

166 

1877 

Ball,  A.,  and  Ward,  D. 

2,033 

1878 

Ball,  C.  E.  

84 

1882 

Balukrewicz,  T. 

2,835 

1880 

Banta,  W.  E.  . . 

3,048 

1882 

Barda,  B. 

1,107 

1881 

Bardon,  L. 

3,079 

1882 

Barker (Jac'/ncs,  IF.  H .) 

3,424 

1880 

Barlow  (Meritens,  A.  de)  . . 

2,212 

1881 

Barlow,  W.  A 

4,207 

1881 

*1,897 

1881 

Barnes,  T.  B.,  and  Akester, 
\V.  II 

No. 

Year 

986 

1882 

Barney,  \V.  C.  . . 

2,264 

1881 

Barr,  F.  . . 

Barrier,  J.  J.,  and  Lavernede, 

455 

1881 

F.  T.  de  

Barrier,  J.  J.,  and  Vernede, 

2,425 

1882 

F.  T.  de  la 

538 

1882 

Bastet,  L. 

1,931 

1876 

Bauer,  M.,  and  Co 

1,915 

1882 

Bear,  S.J.M 

Beaumont,  \V.  \V.,  and  Biggs, 

3,283 

1881 

C.  II.  F 

5,198 

1881 

Beaumont,  VV.  VV.,  Fitzgerald,  ( 

D.  G.,  and  Biggs,  C.  II.  F. . . j gf  j 

1881 

1882 

1882 

Beckingsale,  E,  W. 

555 

1877 

»> 

2,512 

1882 

2,532 

1882 

Bedwell,  F.  L.  B. 

367 

1876 

Bell,  A.  G 

4,341 

1877 

611 

1878 

Bell,  J 

4,549 

1879 

Bell,  J.,  and  Scarlett,  G. 

4,555 

1879 

Bell,  T.  A 

4,403 

1878 

Benson,  W.  A.  . 

4,254 

1880 

Berjoty  A. 

4,428 

1880 

Berly,  J.  A. 

1,027 

1881 

,, 

1,236 

1881 

Berl)’,  J.  A.,  and  Hulett,  D. . . 

4,7.55 

1880 

,,  {MaquarCy  F.  V.) 

2,885 

1882 

Bernsteiny  A.  . . 

2,604 

1882 

Berthauty  H.  M.  A 

Berthoud,  E.,  and  Borel, 

4,087 

1879 

F 

4,346 

1878 

Berfhoiidy  Borcl,  et  Cie. 

4,026 

ISSl 

Berthiy  F. 

4,311 

1875 

5,044 

1878 

Bertbiy  F.,  and  MersannCy 

5,0.53 

1878 

F.  F.  de  ’ 

5,076 

1878 

5,110 

1878 

Biggs,  J.  H.  W 

Biggs,  C.  H.  F.,  and  Beau 

2,106 

1877 

mont,  W.  W. 

5,198 

1881 

Biggs,  C.  H,  F.,  Beaumont,  | 

5,338 

1881 

W.  \V.,  and  Fitzgerald, - 

2!) 

1882 

D.  G 1 

1,875 

1882 

Bilorety  A.y  and  Mora,  C.  . . 

4,049 

1880 

Binswanger,  G. 

Binswanger,  G.,  and  Rhodes, 

2,390 

18S2 

B 

2,501 

1882 

Binko,  H. 

3,073 

1882 

Birkhead,  M.  . . 

Blagburn,  C.,  and  Harrison, 

988 

1879 

R 

1,358 

1881 

Blake,  F. 

5,096 

1881 

Blamires,  T.  U. 

455 

1880 

Blandy,  A.  F.  . . 

Blondot,  A.,  and  Bourdin, 

2,060 

1879 

J 

2,629 

1879 

Bloomfieldy  J.  11. 

3,679 

1879 

Blyth,  J.,  and  Peebles,  D.  B 

2,661 

1882 

Bodmer,  G.  R.  . . 

4,476 

1878 

Boettcher,  F.. 

144 

1882 

Boggett,  W 

2,595 

1882 

ccclxviii 
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No. 

Year 

No. 

Year 

No. 

Year 

Bolton,  F.  .1.,  and  Webber, 

Brougham,  Hon.  R.  T.  D.  . , 

2,044 

1882 

Chubb,  C.  J 

761 

1882 

C.  K 

G86 

1873 

Brougham,  Hon  R.,  and  Or 

Church  (Kiiuf,  J.  B.) 

1,822 

1882 

Bonneville  {Chutaux,  T.) 

4,454 

1874 

miston,  F.  A. 

1,697 

1882 

1 Chutaux,  T. 

4,454 

1874 

„ (Daft,  L.)  . 

4,775 

1881 

Brown,  A.  B 

1,867 

1882 

1 Clainond,  C. 

2,-205 

1875 

„ (Itadde,  If'.) 

2,091 

1873 

Brown,  A.  B , and  King,  W.  F. 

5,272 

1881 

Clark  (Auriac,  A.  d ) 

l,f83 

1881 

Boothbv,  A.  C.,  and  Siemens, 

Brown,  A.  E 

4,011 

1881 

,,  (Bastet,  L.) 

1,931 

1876 

C.  VV 

696 

1881 

Brown,  J.  W.,  and  Culbcrt- 

,,  {Bertln,  E.) 

4,311 

1875 

Borel,  F.,  and  Berthoud,  E. 

4,346 

1878 

son,  J.  N 

5,615 

1881 

„ (Bouteilloux,  L.J.,and 

Rarely  Berthoud  et  Cie. 

4,026 

1881 

Brown,  W.  Morgan  (See  Mor- 

Lainq,  B'.)  .. 

842 

1880 

Bossomaier,  R. , and  Schwegler 

gan  Brown,  \V.) 

,,  {Bouteilloux,  L.  J., ana 

F 

2,823 

1879 

Browne  D.  F.) 

3,999 

1875 

Laing,  IF.)  .. 

3,214 

1881 

Boulif/tiine,  N. 

1,968 

1881 

Brownell,  II.  T. 

2,302 

1873 

,,  {Changy,  J . de) 

4,405 

1881 

Boult  (Tliiimax,  J.  D.) 

1,649 

188-2 

Brush , C.  F.  . . 

2,003 

1878 

,,  (Clemandot,  L.) 

4,682 

1881 

„ (Thomaif,  J.  (F.,  and 

,, 

947 

1879 

4.031 

1878 

Rpquay  L.  F.) 

1,336 

188-2 

,, 

3,750 

1879 

,,  (Davis,  C.) 

4,407 

1878 

Boulton,  \V 

805 

1877 

,, 

849 

1880 

,,  (Desnos,  C.  J.  P.) 

2,340 

1879 

Bom-din,  J.,  and  Blondot,  A. 

2,629 

1879 

,, 

1,835 

1881 

,,  (Drew,  P.) 

2,037 

1880 

Buurdin,  J.,  and  Maltzof, 

Budenberg(B»d(>»5c)-(;,  C.  F., 

*1,834 

1881 

„ (Ducretet,  E.)  . . 

65 

1879 

S.  A.  de  

1,474 

1881 

,,  (Fournier,  G 

5,104 

1881 

Bousiield  (Smith,  II.  ./.) 

380 

1874 

and  Schaffer,  B.  A.) 

4,2-27 

1880 

,,  {Gamier,  J.)  . . 

4,952 

1880 

Bousfield,  W.  R.  arid  E.  T.  . . 

523 

1879 

Biidcnbery,  C.  F.,  and  SchdJ'- 

,,  (Gerard-Lescuyer,  (J. 

Boutcilloux,  L.  .I„and  Laimj, 

fer,  B.  A. 

4,227 

1880 

M.  A.) 

3,697 

1879 

ir 

842 

1880 

Buell,  C.  E 

5,656 

1881 

, , J J J, 

1,552 

1880 

Bowman,  R.,  and  Hawkes,  G. 

3. -214 

1881 

Bulkeley,  F.  B. 

4,464 

1878 

,,  ,,  ,, 

1,685 

1881 

2,402 

1881 

Bull,  H.,  and  Harding,  E.  J. 

2,878 

1878 

,,  ,,  J, 

2,676 

1882 

Bovs,  C.  V 

2,449 

1881 

Bullivant,  W.  M. 

1,159 

1874 

,,  (Guest,.;.  II.) 

2,980 

1880 

4,472 

1881 

Bunjin,  E. 

3,243 

1875 

„ (Iladdan,  IF.) 

3,843 

1879 

513 

1882 

, , 

5,085 

1879 

,,  (Hermann,  L.  -1.) 

2,96-2 

1879 

1,946 

1882 

,, 

4,819 

1881 

,,  (Hussey,  C.  A.) 

-2,043 

18<  5 

Bovs,  C.  V.,  and  Liveing, 

>1 

4,820 

1881 

,.  (Kabath,  X.  de) 

4,037 

1881 

E.  H.  T 

69 

1882 

Bureau,  A. 

1,704 

1880 

,,  ,, 

4,060 

1881 

Brain,  W.  B. 

5,139 

1878 

Burrell,  S.  J.  . . 

3,679 

1881 

,,  {Laing,  If'.)  . . 

3,169 

1881 

1,548 

1882 

Busscher,  IF.  de 

4,81-2 

1881 

„ (Lamar,  J.  S.) 

4,696 

1879 

1,616 

1882 

Byllesby,  II.  M.,  and  Sterii, 

,,  {Lartigue,  H.) 

3,771 

1874 

2,659 

1882 

\y.  A 

2,336 

1882 

„ {Lontin,  1).  F.) 

473 

1875 

Brasseur,  L.  A.,  and  Dejacr, 

Bvshe,  H.  C 

4,961 

1878 

,, 

386 

1876 

0 

4,-296 

1881 

3,264 

1876 

Brasseur,  L.  A.,  and  Sussex, 

Cabanellas,  J.  E 

200 

1881 

,,  (Lontin  A-  Co.) 

2,094 

1877 

S.  W.  M.  de 

308 

1878 

Cables  Electrujues,  SocUH 

,,  ,, 

4,893 

1877 

Brear,  S.,  and  Hudson,  A.  . . 

5,032 

1881 

Anotii/ine  des 

1,496 

1882 

,,  (Marcus,S.,aml  Eyijer, 

Bremner,  D. 

1,345 

1882 

Cadett,  J.  W.  T. 

4,022 

1878 

D.) 

2,934 

1877 

Brewer  {Buelly  C.  F.) . . 

5,656 

1881 

,,  ... 

4,316 

1878 

,,  (Meritens,  A.  de,  A Co.) 

2,339 

1879 

,,  (Cance,  A.  J.  B.) 

4,005 

1880 

Callender,  W.  O. 

4,409 

1881 

,,  (Muller,  II.  J.,  and 

,,  {Chdiri-hriery  E.  A.). . 

4,428 

1879 

Camacho,  J.  S. 

3,461 

1873 

LecettyA.).. 

1,787 

1881 

,,  (Delany,  P.  B.,  and 

,, 

3,416 

1875 

,,  (}\iaudet,A.,andIiey- 

Johiuony  E.  11.)  . . 

4,093 

1881 

Cancc,  A.  ./.  B. 

1,927 

1878 

nier,  E 

3,971 

1880 

,,  (Deisijnienx,  A.  0.)  .. 

3,404 

1881 

,, 

4,005 

1880 

„ {Pilleux,  C.  L.) 

636 

1880 

„ (Edison,  T.  A.) 

4,502 

1878 

Capanema,  0.  S.  tie 

3,976 

1881 

„ (Plante,  G.)  . . 

1,713 

1873 

3,765 

1880 

4,171 

1873 

„ {Sheridan,  II.  B.) 

4,617 

1881 

539 

1881 

Cardew,  P. 

5,354 

1881 

„ (Smith,  P.  E.,  Spruit, 

931 

1882 

768 

1881 

Carpentier,  J.  . . 

4,664 

1881 

1,016 

1881 

Carj>entier,J.,and  Deprez,  M. 

4,1-28 

1881 

S.  11.,  and  IFood, 

1,240 

1881 

Carpentier,  C.,  and  Pezzer, 

IF.  It.) 

4,312 

1870 

1,783 

1881 

O.de 

5,322 

1881 

,,  (Soliynac  et  Cie.) 

740 

1882 

1,918 

1881 

Carus  Wilson,  C.  A 

5,623 

1881 

„ (Hey nier,  E.) . . 

2,982 

1877 

1,943 

1881 

,, 

5,687 

1881 

,,  {Rcynier,  X.  E.) 

1,971 

1879 

2,482 

1881 

,, 

4,824 

1882 

,,  {Reynard,  L.) 

5,165 

1878 

2,495 

1881 

,, 

4,8-25 

1882 

,,  {Roquier,  L.)  . , 

75 

1880 

3,231 

1881 

,,  .... 

2,954 

1882 

,,  (IFnrd,  D.,  and  Ball, 

3,483 

1881 

Castro,  J.  IF.  do 

2,943 

1878 

A.) 

-2,033 

1878 

4,174 

1881 

Cathcart,  C.  H. 

2,068 

1882 

Clark,  11.  A 

229 

1881 

” 

4,571 

1881 

Celrian,  J.,  and  Molera,  E.  . . 

■299 

1879 

,, 

2,59-2 

1881 

4,.576 

1881 

Celrian,  J,  C.,  and  Molera, 

,, 

361 

1882 

!!  (Facio,  E.  E.  S.) 

3,462 

1876 

E.J 

1,217 

1880 

Clark, J 

3,991 

187S 

,,  (.Johnson,  E.  //.,  and 

Chadburn,  W.  . . 

2,755 

1882 

Clark,  J.  L.,  and  Stanfield,  J. 

203 

1880 

Edison,  T.  A.) 

4,621 

1880 

Chambrier,  E,  A. 

4,428 

1879 

*4,918 

1881 

„ (Kosloff,  S.  .A.) 

2,767 

1875 

Chamerov,  B.  11. 

2,295 

1882 

Clarke,  C.  L ,and  Leigh,  J... 

245 

1881 

,,  {Waterhouse,  A.  G.) 

5,185 

1881 

Chanyy,  J.  de 

4,405 

1881 

,,  ,, 

3,652 

1881 

Brewtnall,  A.  W. 

5,226 

1881 

4,582 

1881 

,,  ,, 

1,483 

1882 

2,934 

1882 

Chaperon,  G.  (Partly) 

1,462 

1882 

Clarke,  J.  A.,  and  Alder,  G.  E. 

1,442 

1878 

Bridges  (//ei/er, />  ) .. 

3,885 

1879 

Chauvin,  F.  M.  A.,  Goizet,  L.  H., 

Clarke,  T.,  and  Smith  E. 

4,650 

1878 

Bri(ii/s,  j.  A.,  and  Kinsman, 

ami  Aubrey,  A 

■2,410 

1875 

Clemandot,  L 

4,031 

1878 

F.  

1,774 

1882 

Cheesbrough  {Eaton,  A.  A'.). . 

7.51 

1880 

Clifford,  H 

312 

1878 

Bright,  Sir  C.  T 

4,212 

1878 

M 

2,8-26 

1882 

Clingman,  T.  L. 

1.840 

1880 

3,305 

1881 

,,  (Sawyer,  E.)  . . 

3,587 

1879 

Cochrane,  A.  A. 

4,313 

1878 

377 

1882 

,,  {Saivifer,  E.,and 

Coke,  A.  L. 

1,0P2 

187SI 

2,602 

188-2 

Man,  A.)  .. 

4,705 

1878 

Colint-,  S. 

5,011 

1878 

Bright,  E.  B 

596 

1878 

„ (Sawyer, E., and 

,, 

277 

1879 

Brockie,  J. 

3,771 

1879 

Man,  A.) 

4,847 

1878 

,, 

2,236 

1880 

1,942 

1881 

Chert emp^,  I).  A 

3,349 

1881 

,, 

2,3(i9 

1881 

4,504 

1881 

Chertem]>s,  I).  A.,  and  Dan* 

Coinmelin,  E.,  and  I’oulet,  \'. 

1,437 

1882 

756 

188-2 

deu,  E.  

1,747 

1882 

1,046 

1880 

898 

188-2 

Chichester,  S.,  and  Moffatt, 

Common,  A.  A. 

620 

1882 

1,713 

1882 

R.  R 

3,441 

1881 

Common,  A.  A.,  and  Joel,  H.  F. 

1,040 

1881 

” 

2,370 

188-2 

ChinnocU,  C.  E.,  and  Harrison, 

Compaqnie  Eiectriquc,  La  . . 

2,990 

1882 

Brooks,  I). 

4,8-24 

1877 

J.  deli 

695 

1880 

Concornotti,  L. 

3,-272 

1879 

3,254 

1881 

».  ». 

699 

1880 

Connolly,  T.  A. 

3,668 

1881 

Brougham  {Bahafou,  C.) 

4()9 

1880 

Chislett,  .1.  R 

87 

1873 

Conradi  (al/uDr,  E.)  .. 

4,053 

1877 

lirougham,  Hon.  K.  T.  I).  .. 

630 

1880 

Choate,  S.  F.  van 

4,388 

1.878 

,,  (H  iebe,  R.)  . . 

767 

1878 

832 

1880 

Chretien,  J.,  .and  Felix,  C.  . . 

2,019 

1879 

Conybeare.II,  andNapl»egyi,G. 

2,106 

1874 

1,302 

1882 

Christensen,  F.  S.,  and  Uei* 

Cook,  11.  C 

-2,717 

1874 

O 1) 

2,030 

1882 

mcnsehncider,  A. 

4,693 

1878 

Cook,  H.  IF 

2,769 

1879 

Index. 
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Cook,  II.  W 

No. 

1,109 

Year 

1880 

Cooke,  C.  W 

1,903 

1873 

Corbett,  J.  L.,  and  Lockhead, 
W 

219 

1880 

Cordeaux,  J.  II. 

,522 

1877 

Cougnct,  J 

2,000 

1879 

Cougnet,  J.,  and  Puydt, 

J.  P.  C.  de 

3.50 

1880 

Cour,  P.  la  

1,988 

1878 

Courtenay,  R.  H 

1,4.50 

1,487 

1873 

• • 

1875 

.... 

3,543 

1879 

2,770 

1881 

4,659 

1881 

»» 

3,101 

1882 

Courtenay,  R.  H.,  and  Moore, 
S.  J 

3,078 

1873 

Coxeter,  S.  J 

492 

1878 

Crandall,  J.  N.,  and  Fuller, 

3,364 

1875 

J.B 

1,557 

1876 

Crastin,  C. 

4,771 

1881 

Crighton,  C.  E. 

4,696 

4,189 

1878 

Crompton,  R.  E.  B 

1879 

3,509 

1879 

,, 

5,080 

1881 

• • 

346 

1882 

,, 

2,618 

1882 

Crompton,  R.  E.  B.,  and 
Fitzfrerald,  D.  G 

2,619 

1882 

5,159 

1881 

Crompton,  R.  E.  B.,  and 
Willans,  P.  W 

245 

1879 

Crookes,  W 

1,422 

1881 

2,612 

1881 

,, 

3,799 

1881 

,, 

2,304 

1,079 

1881 

Crossley,  L.  J.,  Harrison,J.F., 
and  Emmott,  W 

1882 

1,327 

1882 

Cruto,  A.  

1,895 

1882 

Cuff,  J.  C 

2,263 

1881 

Culbertson,  J.M.,  and  Brown, 
J.  W 

.5,615 

1881 

Cumine,  J.  A 

2,318 

1882 

CuinmingSy  C.  . . 

2,880 

1880 

Curtoys,  C 

1,851 

1882 

Cuttris  {CnttrisSy  C.)  . . 

2,135 

1882 

Cuttris,  C.  {Partly)  . . 

2,135 

1882 

Daft,  L 

4,775 

1881 

Danckwerth^  L. 

1,704 

1876 

Danckwerth,  L.,  and  Sanders, 
F 

2,016 

1879 

Dandeu,  L.,  and  Chertemps, 
D.  A 

1,747 

1882 

Darlow,  \V.,  and  Fairfax,  H. 

3,736 

1873 

D’ Arras,  C.  H.  0.  H 

1,000 

1873 

Davis  {MarXy  E.,  Aklem^  F., 
Kayser,  J..  and  TisdeL  A,  G.)  351 

1880 

DaviSy  C. 

4,407 

1878 

Davis,  C.  

4,559 

1878 

Day,  M.  . . 

1,261 

1874 

Debenham,  W.  E. 

3,010 

1882 

Defries,  C.  

2,3.35 

1882 

Defty,  H 

2,628 

1882 

Deiss,  A.,  and  Scaife,  R. 

2,866 

1876 

Dejaer,0.,and  Brasseur,  L.  A 

4,296 

1881 

Delany,  P.  B 

1,809 

1881 

2,217 

1881 

,, 

333 

1882 

Delany y P.  B..  and  Jok'thson.  | 2,532 

1881 

C.  H 

( 4,093 

1881 

Delaye,  V.  

1,536 

1881 

Denayrouse,  L. 

3,170 

1877 

Denne,  T.  J.  and  M.  C. 

5,404 

1880 

DepreZy  M.y  and  CarpentieVyJ 

4,128 

1881 

Dering:,  G.  E.  . . 

5,123 

1878 

DesnoSy  C.J.P. 

2,340 

1879 

Despeissis,  L.  H.,  and  Minchin, 
G.M 

1,010 

1882 

Def<quienSy  A.G. 

3,404 

1881 

Densaigney  G.  . . 

4„591 

1881 

Detricic,  C 

3,388 

1881 

Dewar,  J.  

2,886 

1876 

Dibbin,  H.  A.  . 

4,036 

1877 

Dillon,  T.  A 

1,207 

1879 

Dion,  C.  . . 

1,347 

1879 

3,880 

1881 

Dodd,  A.  S.,  and  H"mey,  C.  A. 

4,265 

2,375 

1880 

1881 

• > 

2,572 

1881 

2,573 

1881 

No. 

Year 

Dodd,  A.  S.,and  Hussey,  C.  A.  234 

1882 

Dolbear,  A,  E 

1,368 

1882 

Donnithorne,  T.,  and  Liardct, 
J.  E 

(•5,216 
• 5,418 

1881 

1881 

( 120 

1882 

Douchy,  A.  Lemaire- 

2,107 

1876 

Dove,  J 

1,158 

1879 

Drew,  P.  

2,037 

1880 

Dubos,  C.  

2,401 

1878 

427 

1879 

Ducrelet,  E.  

749 

1879 

65 

1879 

Dudley,  J.  G. 

3,423 

1881 

Dunlop,  J.  M.,  and  Hooper, W. 

3,997 

1873 

Dnnstan,  R.  E.,  and  Pfann- 

( 3,655 
( 5,743 

1881 

kuche,  G. 

Dupont-Auberville  ( V.  De- 

1881 

laye)  

1,536 

1881 

Dutton  (Reese,  F.) 

Duweliits,  A.  L.,  Goss,  L.  H'., 

51 

1879 

Iliygs,  P.,  Merrell,  F.  R., 
Peck,  U.  D.,  and  Walter  U. 

5,751 

1881 

Earl,  H.  D.,  and  Thompson, 

A.  M 

5,281 

1878 

Easton,  E.,  and  Andrb,  G.  G. 

2,252 

1880 

M 

2,833 

1881 

Eaton,  A.  K 

751 

1880 

2,826 

1882 

Eclairage  Electnque,  Cie. 

Ginf  rale  d’ 

1,553 

1880 

Edison,  T.  A -. 

3,762 

1875 

Edison,  T.  A 

4,226 

1878 

4,502 

1878 

Edison,  T.  A 

5,306 

1878 

2,402 

1879 

,, 

4,576 

1879 

5,127 

1879 

33 

1880 

578 

1880 

602 

1880 

Edisony  T.  A 

1,385 

1880 

3,765 

1880 

,, 

3,880 

1880 

,, 

3,894 

1880 

,, 

3,964 

1880 

,, 

4,391 

1880 

539 

1881 

,, 

562 

1881 

,, 

768 

1881 

,, 

792 

1881 

1,016 

1881 

,, 

1,240 

1881 

1,783 

1881 

1,802 

1881 

,, 

1,918 

1881 

1,943 

1881 

,, 

2,482 

1881 

2,492 

1881 

2,495 

1881 

2,954 

1881 

3,231 

1881 

3,483 

1881 

3,804 

1881 

3,932 

1881 

,, 

4,034 

1881 

4,174 

1881 

4,552 

1881 

,, 

4,553 

4,.571 

1881 

,, 

1881 

4,576 

1881 

1,023 

1882 

1,139 

1882 

1,142 

1882 

1,191 

1882 

1,496 

1882 

1,862 

1882 

,, 

2,052 

1882 

Eduony  T.  A. y and  Johnsony 

2,072 

1882 

E.  H 

4,621 

1880 

Edmonds  {Mowbrayy  G.  M.). . 

2,437 

1881 

Edmunds,  H.,  Sellon,  J.  S., 

’190 

1881 

( 4,645 

1878 

and  Ladd,  W. 

( 4,646 

1878 

Edmunds,  H.,and  Sellon,  J.  S. 

1,692 

1879 

1,791 

1879 

Edwards,  E.,  and  Normandy', 

1,949 

1879 

A 

4,611 

1878 

Edwards,  J.,  and  Leek,  E.  . . 

2,640 

1878 

Edwards,  J.  R. 

1,720 

1880 

No. 

Year 

Eggery  /?.,  and  MarcuSy  S.  . . 
Electric  Manufacturing  Co., 

2,934 

1877 

Union  . . 

392 

1882 

ElectriciUy  Soci4U  GMraled' 

4,066 

1878 

1,097 

1881 

» » » > ” 

1,653 

1881 

»»  »» 

2,323 

1881 

4,496 

1881 

Electricite,  Society  GfnArale  ( 1,175 

1879 

d\  Precedes  Jablochkoff  . . 

■(  725 

1880 

Electricity y Society  Univer> 

( 2,782 
4,057 
( 252 

1881 

1881 

1882 

selled'y  Tommasi  .. 

Electrique,  La  Cie.  .. 
Electriquey  La  Cie.  Generate 

2,990 

1882 

d'Eclairage 

ElectriqueSy  La  SocUte  Ano- 
nyme  des  CableSy  Systhne 

1,553 

1880 

Berthoudy  Borel  et  CiCy  . . 
ElectriqueSy  Societe  Anonyme 

4,026 

1881 

des  Cdbles  . 

1,496 

1882 

Elmore,  J. 

922 

1881 

Elmore,  VV 

3,565 

1879 

yy 

4,821 

1879 

yy 

3,832 

1880 

Elphinstone,  Baron,  and 

( 332 

1879 

Vincent,  C.  W 

■(  2,893 

1880 

ElphinstonCy  Lord{Partly). . 

2,340 

1882 

Elphinstoney  W.  B.  F. 

El  well,  P.  B.,  and  Parker, 

2,491 

1882 

T 

2,917 

1882 

Emmens,  S.  H. 

2,348 

1882 

,, 

2,349 

1882 

2,912 

1882 

,, 

2,913 

1882 

Emmott,  \V.,  Cx’ossley,  L.  J., 

2,914 

1882 

and  Harrison,  J.  F. 
Engel  {FrankCy  G.)  . . 

1,327 

1882 

849 

1882 

„ i^Mullery  C.  H.  F.) 

3,711 

1881 

Epstein,  L 

2,807 

1882 

Espeuty  W.  B.  . . 

1,257 

1881 

EteoCy  E.  

48 

1881 

Eteve,  E.,  and  Lallement,  C. 

‘3,113 

1881 

Eustace,  M. 

1,766 

1874 

3,172 

1874 

Evans,  M. 

1,970 

1873 

Ewen,  F.  W.,  and  .James,  G. 

1,225 

1882 

F 

1,719 

1875 

Facio,  E.  E.  S. 

3,462 

1876 

Fahrig,  F.  E.  . . 

4,107 

3,736 

1881 

Fairfax,  H.,  and  Darlow,  W. 
Farnie,  H.  B.,  and  Aronson, 

1873 

J.  N 

4,163 

1878 

Farquharson,  .1. 

2,771 

1882 

Faueher,  F 

2,750 

1876 

Faulkner,  J. 

1,800 

1875 

Faure,  C.  A. 

2,946 

1875 

Faure,  C.  A 

3,670 

1876 

129 

1881 

1,676 

1881 

4,311 

730 

1881 

1882 

,, 

1,769 

1882 

Felix,  C.,  and  Chretien,  J,  . . 

2,019 

1879 

Field,  F 

2,480 

1882 

Field,  F.,  and  Abbott,  W.  .. 

5,407 

1881 

Field,  F.,  and  Tailing,  R. 

1,938 

1875 

Fielding,  J 

994 

1882 

Finch,  G.  B 

1,110 

3,768 

1879 

Fisher, ./.,  and  Gassett,  0. . . 

1881 

Fisher,  W. 

1,727 

1882 

Fitzgerald,  D.  G 

872 

1880 

,, 

5,275 

1880 

3,890 

1881 

5,481 

1881 

Fitzgerald,  D.  G.,  and  Cromp- 

2,763 

1882 

ton,  R.  E.  B. . . 

5,159 

1881 

Fitzgerald,  D.  G.,  Biggs,  C. 

( 5,338 

1881 

H.  W.,  and  Beaumont,  W. 

■ 29 

1882 

W 

( 1,875 

1882 

Fixsen  (Danckwerth,  L.) 

1,704 

1876 

Fleming,  .1.  A. . . 

1,762 

1881 

,, 

5,309 

1881 

. . 

2,414 

1882 

Fleming,  J.  A.,  Ranyard,  A.  C.  2, 80? 

1881 

Fletcher,  J.  W. 

3,936 

1880 

Floyd,  T.,  and  Kirkland,  T. . . 

859 

1881 

2,225 

hbb 

1882 

ccclxx 
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Floyd,  T.,  and  Probert,  J.  . . 

No. 

2,2-26 

Year 

1882 

Fontaine^  U.  . . 

1,180 

1873 

Fonvielle,  W.  de 

1,339 

1880 

Forbes,  G. 

4,116 

1878 

Force^  SocUU  Anonyme  Zet,  _ 

1,097 

1,653 

1881 

1881 

et  la  Lumih'e 

2,3-23 

1881 

Formby,  J. 

4,496 

565 

1881 

1879 

Fottrell,  J 

3,086 

1873 

Fournier,  G.  . . 

5,104 

1881 

Fox,  E.  M 

4,0-24 

1881 

,, 

4,383 

1881 

Fox,  St.  G.  L 

3,988 

1878 

4,043 

1878 

,, 

4,6-26 

1878 

,, 

1,1-22 

1879 

,, 

3,494 

1880 

,, 

225 

1881 

1,543 

1881 

,, 

1,636 

1881 

3,122 

1881 

,, 

3,394 

1881 

5,651 

1881 

Franke,  G 

1,647 

188-2 

849 

188-2 

Freeman,  J.  B.  F 

6,307 

1878 

Freeman,  J.,  and  Youn}?,  F. 

350 

1879 

Frome,  C.  II.,  and  Gibbs,  G.  C. 

3,416 

1880 

Fuller,  J.  B. 

5,183 

1878 

Fuller,  J.  B.,  and  Crandall,  < 

1,557 

1876 

J.  X ■(  3,364 

1875 

Fuller,  J.  C.  and  G 

76 

1877 

Furstenburgh  (Siemens,  L.) 

2,199 

1879 

Fyfe,  A.  L.,  and  Main,  J.  . . 

3,8-21 

1881 

2,636 

1882 

Fyfe,j!  .. 

774 

1881 

Gadot,  P.  L.  M 

2,314 

1881 

Gardner  (Roe,  E.) 

3,010 

1881 

Gamier,  J. 

4,952 

805 

1880 

Gary,  H'.  W 

1879 

4,069 

1881 

Gassett,  0.,  and  Fisher,  J.  . . 

4,070 

1881 

3,768 

1881 

Gatehouse,  T.  E. 

4,796 

3,240 

1879 

,,  .... 

1881 

.... 

1,400 

1882 

Gatehouse, T.  E.,andKempe, 

H.  R 

2,569 

1882 

Gaitlard,  L.,  and  Gibbs,  J.  D. 

4,942 

1881 

Gaum/,  C. 

2,618 

1873 

George,  A.  F.  St 

George,  E.,and  Morgan,  J.  B. 

2,193 

4,939 

1878 

1881 

4,482 

1880 

Gerard-Lescuyer,  J . M.  A.  . . 

3,697 

1,552 

1879 

1880 

M • • 

1,685 

1881 

,1  - 

4,792 

1881 

M »I  - - 

5,593 

1881 

»»  »*  • • 

5,660 

1881 

M M • • 

1,878 

1882 

11  11  • • 

2,144 

2,676 

1882 

•»  11  • • 

188-2 

11  11  • • 

2,992 

1882 

Gibbs,  G.  C.,  and  Frome,  C.  H. 

3,416 

1880 

Gibbx,  J.  D.,and  Gaulard,  L. 

4,942 

1881 

Gibbs,  R.  K. 

4,.533 

1881 

Gilbert,  A.,  and  Wells,  0.  . . 

1,510 

1880 

Gilbert,  A.  E.  . . 

1,960 

1880 

3,438 

1880 

Gimingham,  C.  II 

4.507 

1881 

2,079 

1881 

4,193 

1881 

2,375 

1882 

Gloker,  J. 

2,674 

188-2 

Glouchojf,  N.  . . 

478 

1880 

Glover,  T.  G 

855 

1877 

Glover,  W.  T.,  and  James,  G.  F 

5,237 

1880 

Godfrey,  W.  B. 

913 

1881 

4,718 

1879 

Goehel,  II.,  and  Kulenkamv 

.J.  W 

,5,548 

1881 

Goizet,  L.  H.,  Aubrey,  A.,  and 

Chauvin,  F.  M.  A 

2,410 

1875 

Goldstone,  G.,  Radcliffo,  J., 

and  Gray,  M. 

3,381 

1874 

Goldstone,  C.,  Radcliffe,  J., 

Gray,  M.,and  Preece,  W.  II 

3521 

1874 

Gollner,  1>. 

131 

1878 

Gordon,  J.  E.  H. 

1,826 

1880 

11  ... 

4,745 

1880 

No. 

Year 

Gordon,  J.  E.  II 

76 

1881 

218 

1881 

M 

5,536 

1881 

11 

2,871 

1882 

Gore,  C.  L. 

4,797 

1881 

Goss,  L.  IF.,  lliqqs,  P.,  MeV’ 
rell,  F.  R.,  Peck,  11.  D., 
Walter,  II.,  and  Ditivelius, 

A.  L 

5,751 

1881 

Gouraud  (Delany,  P.  B.,  and 

Johnso7i,  C.  II.) 

2,532 

1881 

Gower,  F.  A.  .. 

814 

1880 

Graddon,  J. 

885 

1880 

Graham,  A. 

1,171 

1882 

Graham,  D. 

3,073 

1881 

3,274 

1881 

Graham,  W.,  and  Smith,  H.  J, 

5,618 

1881 

1,392 

188-2 

Gramme,  Z.  T.,  and  Ivemois, 

E.  L.  C.  d'  ... . 

953 

1878 

Grant,  G.,  and  Sennett,  E.  . . 

2,267 

1879 

Gravier,  A 

2,739 

1881 

. . 

5,295 

1881 

943 

1882 

Gray  (Reynier,  K.  E.) 

1,-211 

1882 

471 

1878 

Gray,  M 

3,862 

1873 

,, 

3,863 

1873 

,, 

4,553 

1878 

. . 

5,056 

1879 

Gray,  M.,  Goldstone,  G.,  and 

Radcliffe,  J.  . . 

3,381 

1874 

Gray,  M.,  Preece,  W.H.,  Gold- 

stone,  C.,  and  Radcliffe,  J.  . 

3,521 

1874 

Greb,  J.  J.  C.  W 

3,015 

1881 

Greening,  F. 

2,059 

718 

1875 

Greening,  F.,  and  Jack,  W.  F. 

1879 

Greenwood,  H.  B.,  and  Varley, 

T 

2,248 

1882 

Grimstone,  G.  S. 

1,670 

1881 

Griscom,  W.  IF. 

1,244 

1880 

• • 

1,259 

1880 

Grieve,  T.  V\\  . . 

5,551 

1881 

259 

1879 

Griffin,  W.,  Mori,  F.,  Halle- 

well,  C.  E.,  and  Milner,  W. 

740 

1879 

Groombridge,  C. 

1,049 

1880 

Groth  {Goebel^  Il.^and  Kulen- 


kamp,  W.  W\) 

’5,548 

1881 

,,  {Giilcher,  R.  J.) 

64 

1882 

„ (Lachaussi’e,  D.) 
Grout,  G.,  and  Jones,  W.  H.  . 

2,761 

1881 

5,521 

1881 

Guest,  J.  H. 

925 

1880 

Gnest,  J.  II 

2,980 

1880 

Giilcher,  R.  J.  . . 

2,038 

1881 

GUlcher,  K.  J 

64 

1882 

2,875 

1882 

Gunipel,  C.  G 

3,041 

1880 

11 

3,324 

1880 

253 

1881 

,, 

2,688 

1882 

,, 

2,723 

1882 

2,756 

1882 

Gye,  F 

4,473 

1878 

Haase,  R.,  and  Reciter,  J.  P. 

3,832 

1881 

Haddan  {Boettcher,  E.) 

144 

1882 

,,  {Brush,  C.) 

2,003 

1878 

„ (Brash,  C.  F.) 

947 

1879 

11  11 

3,7.50 

1879 

11  11 

849 

1880 

11 

1,835 

1881 

,,  {Bureau,  A.) 

,,  {Busscher,  If',  de) 

*1,834 

1881 

1,701 

1880 

4,812 

1881 

,,  {Cumminqs,  C.) 

2,888 

1880 

,,  {Dessaiqne,  G.) 

4,591 

1881 

„ {Giilcher,  R.J.) 

2,038 

1881 

,,  {Molera,  E.,  and 

Celrian,  J.) 

299 

1879 

,,  {Morel,  A.) 

185 

1882 

,,  {Rosebr'iujh,  A.  N.). . 

1,476 

1879 

„ (Somzie,  L) 

1,852 

1881 

,,  (Townsend,  J.  I).)  . . 

4,305 

1881 

39 

1881 

„ (Weston,  E.)  . . 

4,280 

1876 

,,  ( Wheeler,  M’.) 

917 

1882 

„ (Woolley,  L.G.) 

Iladdan,  J.  L.  . . 

*3,049 

1881 

2,040 

1879 

Hadden,  W. 

3,843 

1879 

Hallet,  ,S 

4,017 

1881 

,, 

2,560 

1882 

No. 

Year 

Hallet,  S. 

Hallew-ell,  C.  E.,  Milner,  W., 

2,573 

1882 

Griffin,  W.,  and  Mori,  F.  . 

740 

1879 

Ilalske  and  Siemens  . . 

1,447 

1881 

Hamel,  F.  J.  de 

2,543 

1879 

Handford  (Delany,  P.  B.) 

333 

1882 

,,  (Edison,  T.  A.) 

1,191 

1882 

It  It 

1,496 

1882 

11  11 

1,862 

1882 

11  It 

2,052 

1882 

It  11 

2,072 

1882 

It  11 

1,023 

1882 

11  It 

1,139 

1.882 

,,  {Stev7i,  W.  A.,  arid 

Byllesby,  11.  M.)  .. 

1,142 

1882 

2,336 

1882 

Harborow,  II.  A. 

3,871 

1881 

Harding,  E.  J.,  and  Bull,  H. 

2,878 

1878 

Harding,  G.  P. 

4,046 

1878 

,, 

4,047 

1878 

, , 

4,590 

1879 

,, 

783 

1879 

,, 

4,191 

1880 

,, 

4,192 

1880 

Harding,  G.  P. 

3,166 

1881 

Harling,  E.  J.,  and  Hart- 

(  3,472 

1881 

mann,  E 

■(  3,473 

1881 

Harmant,  F.  . . 

Harrington,  F.  H'.,  Lane, 

4,779 

1880 

T.  Williams,  C.  .. 

3,539 

1881 

Harrison,  C.  W. 

3,623 

1876 

11  . . . . 

3,470 

1878 

11  . . . . 

4,338 

1878 

11  . . . . 

3,875 

1879 

11  . . . . 

886 

1880 

1 . 

3,496 

1880 

Harrison,  J.  F.,  Crossley,  L. 

3,559 

1881 

J.,  and  Emmott,  W. 

1,327 

1882 

Harrison,  J.  de  //.,  atid  ( 695 

1880 

Chinnock,  C.  E. 

*(  099 

1880 

Harrison,  R. 

4,478 

1881 

Harrison,  R.,  and  Blagburn,  C.  1,358 

1881 

Harrop,  J.  J 

1 485 

} 3.793 

1874 

1879 

Hartmann,  E.,  and  Harling,  ( 3,472 

1881 

E.  J 

( 3,473 

1881 

Harvey,  E.  W.,  W.,  and  A.  . . 

369 

1877 

Haseltine  {Cook,  II.  C.) 

2,717 

1874 

Haskins,  D.  G. 

Hatton,  R.  J.,  and  Young, 

3,016 

1878 

G.  S 

1,689 

1882 

Hatton,  R.  J.,  and  Paul,  A.  L. 

2,6,54 

1882 

Havskes,  G. 

157 

1882 

Hawkes,  G.,  and  Bowman,  R. 
Hayden,  11,  11.,  a7id  White, 

2,402 

1881 

J.C 

473 

1881 

Haynien,  II. 

9.59 

1879 

Heaviside,  O.  . . 

1,407 

1880 

Hedges,  K.  W 

81 

1879 

925 

1879 

. . 

4,988 

1880 

11 

3,369 

1881 

Heinke,  F.  W 

1,910 

1877 

,, 

4,275 

1877 

Heinke,  F.  W.,  and  Lang,  G. 

231 

1880 

Heinrichs,  C.  F. 

4,. 595 

1878 

,, 

2,317 

1879 

,, 

4,.589 

1879 

,, 

4,608 

1880 

Heins,  J.  

4,916 

1879 

Henck,  J.  B.  . . 

4,0.58 

1881 

Henley,  W.  T 

4,115 

1875 

,, 

1,944 

1876 

,, 

833 

1877 

5,137 

1880 

1,873 

1881 

j’ 

130 

1882 

Hequet,  T.  A.  . . 

386 

1882 

2,564 

1875 

Hermann,  L.  A 

2,962 

1879 

Herz,  C.  

f)3 

1881 

Heyer,  L. 

3,885 

1879 

Hibejl,  W 

4,159 

187fi 

Hiokisson,  J.  .. 

2,4-21 

1882 

iliekley,  A.  S.  . . 

3,552 

1877 

,, 

4,1.32 

1878 

4,354 

1879 

Higgins,  F.  H.  *\V. 

4,4,56 

1878 

Higgs.  W.V 

4,-20(i 

1878 

Higgs,  K.  W.  H.  P 

454 

1879 

Higgs,  P 

1,961 

1881 

Index. 
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P.t  ^f0n‘eU^  F.  R.j 
Peck,  II.  I)  , Walter,  II., 
Duweliut:,  A.  L.,  and  Gos», 
L.  

No. 

5,751 

Highton,  H. 

1,178 

4,277 

,, 

3,006 

Ilill,  W.  S 

3,893 

Holcombe,  A.  G. 

1,384 

Holmes,  B.  G 

920 

Hooper,  J.  P.  . . 

2,944 

Hooper,  \V. 

3,780 

3,997 

Hooper,  W.,and  Dunlop,  J.  M. 

Hopkinson,  J.  . . 

1,959 

,, 

2,481 

4,653 

3,509 

2,989 

3,362 

49 

Hopkinson,  J.,  and  Muir- 

( 4,886 
153 

head,  A. 

[ 1,577* 

Uosmer,  11.  G 

311 

2,930 

Hosmer,  H.  G.  . . 

3,676 

4,220 

Houston,  E.  J.,  and  Thom- 

(  4,400 

son,  E. 

( 315 

Howard,  C.  T 

2,896 

Hubble  (Gerard- Lescuyer,  J. 
M.A.) 

4,792 

„ (Partz,  A.  F.  IF.)  . . 
Hudson,  A.,  and  Brear,  S.  . . 

3,455 

5,032 

Hughes,  R.  H.  . . 
Hughes  (IFaiJace,  IF.) 

3,190 

240 

Hulett,  1).,  and  Berly,  J.  A. 

4,755 

Humphrys,  J 

289 

Ilunebelle,  J.  . . 

1,856 

Hunt  (Alberger,  M.  //.,  and 
Pettit,  S.  IF.) 

4,601 

.,  (Brooks,  D.) 

4,824 

„ (Brown,  A.  E.) 

4,011 

„ (Reynoso,  A.  E.  C.)  . . 

799 

Hunter,  W.  J. , and  Allison,  R. 

2,772 

Hussey,  C.  A 

2,043 

4,265 

Hussey,  C.A.,and  Dodd,  A.S. 

2,375 

,, 

2,572 

2,573 

234 

Imray,  J. 

382 

•Imray  (Cabanellas,  J.  E.)  . . 

200 

,,  (Carpentier,  J.) 

4,664 

,,  (Carpentier,  C.,  and 
Pezzer,  0.  de) 

5,322 

,,  (Deprez,  M„  and  Car- 
pentier, J.).. 

4,128 

„ (Ilerz,  C.) 

93 

,,  (Jablochkoff,  P.) 

2,769 

,,  (La  Societi  Generate 
d'  Electricity) 

4,066 

„ (La  SociiU  Anonyme 

des  Cablets  Electriques)  1,496 
,,  (La  SocUte  Genirale  d' ) . 
Electricite  Procidis  \ 
Jablochkoff)  ..) 

,,  (McTighe.J.J.andT.J.)  2 744 
,,  (Stearns,  J.  M.)  . . 5,468 

,,  (Waters,  T.  J.)  862 

Isaac  (y^ogel.  Sir  J.)  . . ..  3,033 

Iverneau,  L.  E.,  and  Lam- 
bert, V.  P.  . . , . 144 

Ivernois,  E.  L.  C.  d’,  and 
Gramme,  Z.  T.  953 

Jablochkoff,  P.  836 

„ ....  3,652 

„ ....  494 

„ ....  1,996 

„ ....  3,187 

„ ....  3,839 


J » • • . . ij  4 

Jablochkoff,  P. . . . . . . 2,769 

Jablochkoff  , La  Societe  Gene- ^ 1,175 
rale  d' Electricite  . . { 725 

Jack,  W.  F.,  and  Greening,  F.  718 

Jacobson,  L 3,053 

Jacques,  \V.  \V.  . . 3,424 

James,  G.  F 4,261 

„ 624 


Year 


1881 

1873 

1873 

1874 
1881 
1881 
1879 
1881 
1873 
1873 
1879 
1879 

1879 

1880 
1881 
1881 
1882 
1880 
1881 
1881 
1878 
1878 

1878 
1880 

1879 

1880 
1882 

1881 

1881 

1881 

1881 

1878 

1880 

1882 

1881 

1878 

1877 
1881 

1873 

1879 

1875 

1880 
1881 
1881 
1881 
1882 

1879 
1881 
1881 

1881 

1881 

1881 

1882 

1878 
1882 

1879 

1880 

1882 

1881 

1874 
1882 

1880 

1878 

1876 

1876 

1877 
1877 
1877 
1877 
1881 
1882 

1879 

1880 

1879 
1881 

1880 
1874 
1880 


No. 

Year 

No. 

Year 

James,  G.  F 

1,333 

1880 

Johnson(/’aco(i,  A'.  IF.) 

4,508 

1881 

James,  G.  F.,  and  Ewen,  F.VV. 

1,719 

1875 

,,  (Stanford,  T.W.,  atid 

James,  G.  F.,  and  Glover,  W.  T. 

5,237 

1880 

Milligan,  S.) 

1,563 

1880 

»»  M 

913 

1881 

„ (Tissandier,  G.) 

3,401 

1881 

James,  J.,  and  Lee,  J.  C.  F.  . . 

4,396 

1881 

„ (Wheeler,  E.) 

3,023 

1879 

James,  J.,  and  Preece,  W.  H. 

129 

1882 

Johnson,  E.  H.  . . 

1,094 

1882 

Jameson,  J. 

2,618 

1881 

Johnson,  E.  II.,  and  Delany, 

. . 

4,439 

1881 

P.B. 

2,532 

1881 

. . 

1,070 

1882 

Johnson,  E.  II.,  and  Edison, 

4,093 

1881 

Jamieson,  A.,  and  Saunders, 

H.  A.  C 

1,416 

1877 

T.  A 

4,621 

1880 

Jamin,  J.  C. 

863 

1879 

Johnson,  J.  B. 

4,966 

1881 

Jarman,  A.  J,  . . 

563 

1882 

Johnson,  IF.  C.  (Partly) 

1,347 

1882 

,, 

2,565 

1882 

Johnson,  \V.  C.,  and  Ander- 

. . 

2,630 

1882 

son,  J. 

2,311 

1882 

Jaspar,  J. 

83 

1879 

Johnson, \V.C.  ,and  Phillips,E.  E. 

3,798 

1875 

Jeffery,  W. 

1,570 

1882 

,,  ,, 

3,533 

1876 

Jenkin,  F.  

1,830 

1882 

M 1) 

3,534 

1876 

,, 

3,007 

1882 

2,635 

1881 

Jennings,  R.  S. 

1,699 

1881 

,,  ,, 

4,885 

1881 

Jensen  (A ee/iariw.s’,  Jf.) 

3,025 

1880 

Jones,  J.  T.,  and  Wild,  J.  H. 

5,614 

1881 

,,  (Cance,  A.  J.  B.) 

1,927 

1878 

Jones,  W.  H.,  and  Grout,  G. 

5,521 

1881 

»»  »» 

3,976 

1881 

Journaux,  J.  J. 

4,518 

1881 

,,  (Bdiso7i,  T.  A.) 

3,880 

1880 

Jousselin,  A.  L. 

2,037 

1882 

3,894 

1880 

Judd,  W.,  and  Varley,  C.  F. . . 

441 

1882 

3,964 

1880 

Jurgensen,  C.  P.,  and  Lorenz, 

»>  j» 

4,391 

1880 

L.V 

2,416 

1881 

562 

1881 

Justice  {Cmto,  A.) 

1,895 

1882 

,,  ,, 

792 

1881 

„ (Spalding,  II.  C.)  . . 

3,637 

1880 

u ,, 

1,802 

1881 

,,  ,, 

65 

1881 

»> 

2,492 

1881 

»> 

2,954 

1881 

Kabath,  N.de 

4,037 

1881 

11 

3,804 

1881 

Rabat h,  N.  de,  and  Maikoff, 

4,060 

1881 

11  11 

3,932 

1881 

I* 

4,034 

1881 

A.  D 

4,271 

1881 

>>  »» 

4,552 

1881 

Katie,  F.  L.,  and  Knudson,  A. 

1,295 

1880 

4,553 

1881 

Kayser,  J.,  Tisdel,  A.  G., 

„ (Konn,  S.  V.) 

970 

1875 

Marx,  E.,  and  Aklem,  F. 

351 

1880 

„ (Marcus,  S.) 

4,006 

1878 

Keith,  NS 

1,387 

1879 

,,  {Prall,  W.  E.,  and 

Kehvay,  C.  E.  . . 

2,910 

1882 

Obrick,  H.) 

3,831 

1879 

Kempe,  H.  R.,  and  Gate- 

,,  {Schuyler,  D. A.,  ani 

house,  T,  E. . . 

2,569 

1882 

Waterhouse,  F.  G.) 

3,002 

1882 

Kendal,  R. 

4,674 

1880 

Jeune,  A.  M.  J. 

774 

1882 

Kennedy,  R. 

4,541 

1881 

Joel,  H.  F 

5,157 

1879 

,, 

5,524 

1881 

. . 

4,607 

1881 

, , 

72 

1882 

Joel,  H.  F.,  and  Common,  A. A 

1,040 

1881 

1,199 

1882 

Johnson  {Anders,  G.  L.,  and 

,, 

1,640 

1882 

Watson,  T.  A.)  . . 

1,958 

1880 

,, 

2,286 

1882 

,,  {Bardon,  L.  . . 

3,079 

1882 

Kerr’  W.  H.  ! ! ! ! 

2,629 

1882 

„ (Berjot,  A ) . . 

4,428 

1880 

2,. 527 

1877 

,,  {Berthaut,  H.  M.  A.) 

4,087 

1879 

Kesseler  {Kuhlo,  E.)  . . 

4,825 

1880 

„ {Berlin,  E.,a7id  Mer- 

J 5,076 

1878 

Khotinsky,  A.  de 

245 

1882 

sanne,  F.  E.  de). 

( 5,110 

1878 

Kilner,  W.  J 

2,996 

1875 

„ (Camacho,  J.  S.) 

3,416 

1875 

Kimball,  D.  F. 

802 

1876 

,,  (Faure,  C.  -4.) 

129 

1881 

3,999 

1875 

,,  ,, 

1,676 

1881 

Kincaid,  J. 

2,911 

1882 

,,  ,, 

4,311 

1881 

King  {Linford,  C.) 

4,456 

1879 

,,  (Fontaine,  II.) 

1,709 

1882 

♦»  11 

1,184 

1,180 

1873 

King,  J.  B. 

1,822 

1882 

,,  {Gerard'Lescuyer, 

King,  W.  F.,  and  Brown,  A.  B. 

5,272 

1881 

J.  j/.  A.) 

1,878 

1882 

Kinnear,  F.  C 

4,684 

1881 

,,  (Gramme,  Z.  T.,  and 

2,144 

1882 

Kinsman,  F.,and  Briggs,  J.  A. 

1,774 

1882 

Kipling,  R.  A.  . . 

717 

1878 

Iceniois,  E.  L.C.  d') 

953 

1878 

Kirkland,  T.,  and  Floyd,  T. . . 

2,225 

1882 

„ (Gower,  F.  A.) 

814 

1880 

Kleiber,  II.,  and  Tschikolef,  IF. 

2,198 

1881 

,,  {Griscom,  W.  W.)  . . 

1,244 

1880 

Knudson,  A.,  and  Kane,  F.  L. 

1,295 

1880 

,,  ,, 

1,259 

1880 

Konn  {Lodighin,  A.  N.) 

91 

1873 

,,  {Labye,C.,and  Locht‘ 

5,551 

1881 

Konn,  S.  V. 

970 

1875 

Kosloff,  S.  A 

441 

1875 

Labye,  L.  de) 

5,661 

1881 

KoelojL  S.  A.  . . 

2,767 

1875 

„ {La  Cie.  Electrique) . 

2,990 

1882 

Kotyra,  M 

3,047 

1882 

,,  (La  Society  Anonyme  la 

/ 1,097 

1881 

Krizik,  F.,  and  Piette,  L.  . . 

1,397 

1880 

Force  et  la  Lumiire, 

} 1,6.53 

1881 

• • 

2,712 

1882 

SocUte  G^nArale  d' 

1 2,323 

1881 

Krupp,  A. 

3,837 

1878 

Electricite)  . . 

U,490 

1881 

,, 

1,969 

1879 

,,  { La  Soci^t^l' Alliance, 

Kuhlo,  E. 

4,825 

1880 

J.  Miot) 

3,743 

1877 

Kulankamp,  J.  W.,  and 

,,  {Meritens,  A.de) 

3,658 

1878 

Goebel,  II.  . . 

*5,548 

1882 

»♦  M 

4,090 

1878 

5,044 

1878 

Labye,  C.,  and  Locht-Labye, 

5,257 

1878 

L.de 

5,661 

1881 

1,130 

1880 

Lachauss^e,  D. 

2,761 

1881 

*»  11 

5,033 

1880 

Lackersteen,  J.  F 

3,666 

1875 

„ (Mer sanne,  F.  E.  de) 

1,17.1 

1882 

Lacomme,  A.  .. 

715 

1881 

1,440 

1874 

Ladd  (Jasper,  J.) 

83 

1879 

»»  1» 

2,787 

1875 

Ladd,  W.,  Edmunds,  H.,  and  j 

4,645 

1878 

3,315 

1876 

Sellon,  J.  S i 4,646 

1878 

„ (Mersanne,  F.  E.  de, 

Laing,  IF 

3,169 

1881 

and  Berlin,  E.)  . . 

5,053 

1878 

Lain’!,  W.,  and  Boutellloux, 

842 

1880 

,,  {Migno7i,  J.  B.  V., 

( 3,400 

1881 

L.J ■ 

3,214 

1881 

and  Iioua7't,S.  II.)  ( 3,402 

1881 

Lake  (Aii/xon,  IF.  C. 

2,256 

1881 

ccclxxii 


Index. 


No. 

Year 

No. 

Year 

No. 

Year 

{Arboqastt  P.,  and  Mc> 

Lake(H'esfon,  i’.) 

4,748 

1877 

Lontin  and  Co... 

4,893 

1877 

Ti(jhe,T.J.)  .. 

3,778 

1879 

1,103 

1882 

Looker,  P.  S.,  and  Leipmann, 

(Arey,  A.  L.)  . . 

3,456 

1881 

M 

1,011 

1882 

H 

1,036 

1882 

(Bali.C.K.) 

84 

1882 

,,  ,, 

1,014 

1882 

Lorenz,  L.  F.,  and  Jurgen 

{Ilarda,  B.) 

1,107 

1881 

1 » )t 

2,094 

1882 

sen,  C.  P» 

2,416 

1881 

{Barrier,  J.  J.,  and 
Vernede,  F.  T.  de  la) 

,,  (Williams,  C.,  liar- 

*4,903 

1877 

Loarain  (Trouvi,  G.)  . . 

4,009 

1880 

538 

1882 

Lorrain,  J.  G.  . . 

2,848 

5,738 

1881 

(Blake,  F.) 

5,096 

1,968 

1881 

rinyton,  T.  W.,  and 

1881 

(Boulu/uine,  X.) 

1881 

Lane.  F.  H'.) . . 

3,539 

1881 

Lory,  II. 

2,409 

1882 

(Brooku,  D.) 

3,254 

1881 

,,  (Williams,  J.  S.) 

5,229 

5,233 

1881 

Love!,  J.  H 

732 

1877 

(Brownell,  II.  T.) 

2,302 

1873 

1881 

Lucas,  F.  R 

2,633 

1875 

{Caairo,  J.  U'.  de) 

2,943 

1878 

»»  >» 

85 

1882 

,, 

5,270 

1878 

(Chinnoclc,  C.  E„  and  ( 695 

1880 

>1  »> 

224 

1882 

Ludeke,  J.  E.  F.,  and  Tho 

3,463 

1881 

Harrison,  J.  de  II.  . . 

699 

1880 

„ (WoodJ.J.) 

2,861 

1881 

(Clark,  II.  A.)  .. 

229 

1881 

2,526 

1882 

man,  A.  J. 

3,338 

1878 

2,592 

1881 

»> 

2,531 

1882 

Lugo,  0 

5,352 

1880 

(Climjman,  T.  L.) 

361 

1882 

2,563 

1882 

1,119 

1881 

1,840 

1880 

,,  ,, 

2,570 

1882 

,, 

1,696 

1881 

{Coiicornotti,  L.) 

3,272 

1879 

,,  ,, 

2,623 

1882 

,, 

2,394 
/ 1,097 
) 1,653 

1881 

{Connolly,  T.  A.) 

3,668 

1881 

»» 

2,632 

1882 

1881 

(Day,  M.) 

1,261 

1874 

Lalande(Par^?v  G.  Chaperon) 

1,404 

1882 

Lumiire,  Sociiti  Anonyme  la 

1881 

{Deiany,  P.  B.) 

1,809 

1881 

Lallement,  C.  C.,  and.Etfeve, 

Force  et  la 

( 2,323 
^ 4,496 

1881 

2,217 

1881 

C.  C 

*3,113 

1881 

1881 

(Dion,  C.) 

3,880 

1881 

Lamar,  J.  S.  .. 

4,096 

1879 

Lunilev,  E.,  and  Levey,  L.  . . 

1,249 

1882 

{Duu'elim,  A.  L.,  Gosii, 

Lamb,  Ji.  B.  . . 

2,665 

759 

1880 

Lyte,  F.  M. 

5,358 

1880 

L.  W.,  Hiygs,  P., 
Merrell,  F.  11,  Peck, 

Lambert,  F. 

Lambert,  V.  P.,  and  Iverneau, 

1878 

1,363 

1882 

II.  D.,and  Waller,  II.) 

5,751 

1881 

L.  E 

144 

1880 

Macaulay-Cruikshank  (Banta 

(Etevc,  E.) 

48 

1881 

Lande,  B. 

834 

1882 

H-.  E.)  

3,048 

1882 

(Fuller,  J.B.)  .. 

6,183 

1878 

Lane,  J 

838 

1882 

McCarty,  IF.  F.  C.,  and  Sel- 

{Fuller,  J.  B.,  and 
Crandall,  J.  N.) 

( 3,364 

1875 

2,752 

1882 

li^re,  Baron. . 
Macintosh,  J.  .. 

144 

1879 

1 1,557 

1876 

Lane,  T.  IF.,  C., 

and  Harrington,  F.  IF.  . . 

447 

1874 

(Gerard-Leecuyer,  J.  H. 

3,539 

1881 

Maekenzie,  J 

4,568 

1878 

A.)  

2,992 

1882 

Lanjf,  G.,  and  Heinke,  F.  W. 

231 

1880 

,, 

1,635 

1879 

(Greb,  J.  J.  C.  H'.) 

3,015 

1881 

Langley,  J.  IF 

4,168 

1881 

Mackenzie,  W.  J 

95 

1882 

(Ilaare,  B.,  and  Becker, 

Lartigue,  II 

3,771 

1874 

Mackie,  A. 

14 

1882 

./.  P.) 

3,832 

1881 

Laurie,  A.  P.  . . 

2,823 

1881 

Mackie,  M.  W.  W.,  and 
Wright,  F 

(•  1,029 
1,031 

1882 

(Ilenck,  .1.  B.)  . . 

4,058 

1881 

Lavern^de,  F.  T.  de,  and 

4,310 
( 538 

1818 

1882 

(Hill,  ir.  S.)  , . 

3 893 

1881 

1882 

( 1,274 

1882 

{Holcombe,  A.  G.) 

1,384 

1881 

Barrier,  J.  J. 

( 2,425 

1882 

Mackie,  S.  J 

( 440 

1874 

(Houston,  E.  J.,  and 

1 4,400 

1879 

Law,  H 

4,851 

1880 

McTighe,  J.  J, 

I 2,542 

1881 

Thomson,  E.) 

1 315 

1880 

La}  bourne,  R. . . 

5,316 

1881 

162 

1878 

(Ilusrey,  C.  A.,  and  ( 4,265 

1880 

Lavcock,  W.  S. 

478 

1875 

McTighe,  J.  J.  and  T,  J.  . . 

2,744 

1882 

Dodd,  A.  S.) 

( 234 

1882 

Lea,  J.  . . 

Lea,  H 

1,919 

1882 

McTighe,  T.  J.,  and  Arbo- 

(Johnson,  J.  B.) 

4,966 

1881 

2,186 

1882 

qast,  P.  

3,778 

1879 

(Joitrnavx,  J.  J.) 

4,518 

1881 

Leask,  A.  R. 

1,803 

1882 

Maden,  E. 

1,412 

1876 

{Keith,  N,  S.)  .. 

1,387 

1879 

Leask,  A.  R.,  and  Smith,  F.  P. 

2,701 

1882 

Madsen,  C.  L.  . . 

4,167 

1873 

{Khoiimsky,  A.  de) 

245 

1882 

3,099 

1882 

Maikop,  A.  D.,  and  Kabath, 

(Krizik,  F.,  and  Piette, 

Lebrun,  E.,and  Lemaire,  A., 

4,081 

1880 

M.  de..  

4,271 

1881 

I.)  

2,712 

1882 

Lee,  J.  C.  F.,and  James,  J. . . 

4,396 

1881 

Main,  J.,  and  Fyfe,  A.  L.  . . 
Maltzoff,  S.  A.  de,  and  Bour- 

3,821 

1881 

{Lamb,  R.  B.)  . . 

2,665 

1880 

Leek,  E.,  and  Edwards,  J.  . . 

2,640 

1878 

2,636 

1882 

(Lande,  B.) 

834 

1882 

Leigh,  J.,  and  Clark,  C.  L.  , . 

245 

1881 

838 

1882 

3,652 

1881 

din,  J.  

1,474 

1881 

{La  Societe  ITniveraellt 

Leipmann,  IL,  and  Looker, 

1,483 

1882 

Man,  A.,  and  Sawger,  E.  . . 

4,705 

1878 

d’EleclriciU  Tommas 

252 

1882 

Maiulon,  J.  A. 

4,847 

1878 

{Lernaire,  L.,  and  Le~ 

P.  S 

1,036 

1882 

2,147 

1880 

hrun,  E.) 

4,081 

1880 

Lemaire,  A., and  Lebrun,  E. 

4,081 

1880 

Mangin,  Lemonnicr,  and  Co. 

4,914 

1880 

{Letranqe,  L.)  . . 

3,211 

1881 

Lemaire-Douchy,  A., 

2,107 

1876 

3,425 

1879 

{Levy,  M.) 

542 

1882 

Lemonnicr,  L S.,  Mangin 

Manly,  R.  P.  and  M.  M., 

{Lory,  H.) 

2,409 

1882 

and  Co.  

3,425 

1879 

and  Philips,  IF.  J. 
Maguire,  F.  V. 

1,475 

1880 

{Mctiyhe,  J.  J.) 

162 

1878 

Lescuyer,  J.  M.  A.  Gerard* 

2,885 

1882 

(Maikoff,  A.  I).,  and 

(5ee  Gerard-Lescuver,  J.  M.  A.) 

Marchese,  E.  . 

1,884 

1882 

Kabat/i,  M.  de) 

4,271 

1881 

Letranqe,  L.  . . 

3,211 

1881 

Marcus,  S. 

4,006 

1878 

(Marchese,  E.)  . . 

1,884 

1882 

Lever,  C. 

3,599 

1881 

Marcus,  S.,  and  Egger,  B. . . 

2,934 

1877 

(Maxim,  II.  S.). . 

1,392 

1880 

2,092 

1882 

Marx,  E.,  Aklem,  F.  Kavser, 

1,649 

1880 

Lerett,  A.,  and  Muller,  II.  J . 

1,787 

1881 

J.,  and  Tisdel,  A.  G. 

351 

1880 

,, 

4,393 

1880 

Levey,  L.,  and  Lumley,  E.  . . 

1,249 

1882 

Masin,  T. 

792 

1875 

„ 

4,866 

1880 

Levy,  M. 

542 

1882 

Massey,  J.  E.  . . 

3,412 

1876 

,, 

639 

1881 

Lewis,  J.  S. 

1,017 

1882 

Masson,  A. 

2,013 

1881 

” 

3,189 

5,367 

1881 

1881 

Liardet,  J.  E.,  and  Donni- 
thonie,  T 

( 5,216 
5,418 
( 120 

1881 

1881 

Mathieson,  J.  . . 
Matthews,  R.  .. 

2,734 

1,201 

1882 

1882 

,, 

1,162 

1882 

1882 

Maxim,  H.S.  .. 

1,392 

ISSO 

(Moffa'it,  B.  B.).  '. 

1,619 

1882 

Limbeck,  IF.  S. 

4,408 

1880 

, , 

1,649 

1880 

2,759 

1882 

Linford,  C. 

4,450 

1879 

,, 

4,393 

1880 

{Molera,  E.  J.,  and 

,, 

1,184 

497 

1880 

,, 

4,866 

1880 

Celrian,  J.  C.) 

1,217 

1880 

Little,  G. 

1882 

,, 

639 

1881 

{M<mdoff,J.  A.) 

5,490 

1881 

Liveinjj,  E.  H.  T 

4,833 

1880 

,, 

3,180 

1881 

{Sichole,  J.  r.) 

4,495 

1880 

Liveing,  E.  II.  T.,  and  Boys, 

,, 

5,367 

1881 

3,187 

1881 

C.  V 

69 

1882 

,, 

1,162 

1882 

(Pope,  F.  L.)  .. 

2,656 

1873 

Locht-Labye,  L.  de,  and 

,, 

1,619 

1882 

{Puvilland,  J.,  and 

Labife,  C. 

5,661 

1881 

Maxwell-Lj  te,  F.  (Sec  L\  tc,  F. 

Baphael,  T 

2,111 

1879 

Lockhead  W.,  and  Corbett, 

M.) 

(Bichards,  J.  G.) 

2,760 

1882 

J.  L 

219 

1880 

Maval,  T.  J 

3,177 

1881 

{liocke,  C.  F.  dela 
{Bysselberye,  F.  v. 

5,477 

1881 

Lockwood,  W.  V.  O.  and  K.  M. 

2,398 

1881 

Melhado,  A. 

4,699 

1878 

2,781 

1882 

Lodiqhin,  A.  F. 

91 

1873 

Mcnier,  H. 
Meicadier,  K.  J.  P. 

4,705 

1876 

2,804 

1882 

Loefiler,  J.  C.  L. 

905 

1880 

756 

1880 

(Seeley,  C.  A.)  .. 

1,998 

1880 

Longsdon(AV?tpj>,  yl.) 

3,837 

1878 

3,929 

ISSl 

(Splitdorf,  II.)  .. 

*1,272 

3,790 

1881 

1,969 

1879 

Meredith,  R.  T.  and  W.  J.  . . 

4,707 

187S 

{Stroll  m,  S.  D.) 

1881 

Lontin,  1).  F. 

473 

1875 

Meritvns,  A.  de 

3,658 

1878 

(Tenac,  C.  B.  Van) 

4,200 

1875 

,, 

386 

1876 

»»  • • 

4,61K) 

1S7S 

{Thompson,  E.) 

3,928 

1880 

Lontin  and  Co. . . 

3,264 

1876 

M .... 

5,257 

1878 

(Watson,  E.  B.) 

389 

1879 

2,094 

1877 

M 

178 

1879 

Index. 


Meritem,  A.  de 


Mersanne,  F.  E.  de 


Memanne,  F.  E.  de, 
Berlin,  E. 


and 


No. 

2,339 

1,136 

5,033 

2,212 

4,207 

1,173 

1,446 

2,787 

3,315 

5,060 

5,044 

5,053 

5,076 

5,110 


Merrell,  F.  R.,  Peck,  II.  D., 

Walter,  II.,  Duwelius,  A. 

L.,  Gom,  L.  H'.,  Higgr, 

P 

Mewburii  {Achard,  F.  A.)  . . 

,,  {Bourdin,  J .,  and 

Maltzoff,  S.  A.  de)  1,474 
„ (Fonvielle,  !('.  de  . . 1,339 

„ (Heins,  J.)  . . 

,,  (Jeune,  A.  M.  J.) 

,,  (La  SocUU  Ala- 

magny  et  Oriel) 

,,  (Nitze,  M.  C.  F.)  .. 

,,  (Putnam,  T.  A. 

B.) 

„ (Rigaud,  F.) 

„ (Weiller,L.) 

Meyer,  H.  R 

Mignon,  J.  B.  V., 

Rouart,  S.  U. 

Millar,  A. 


5,751 

2,453 


4,916 

774 


153 


Milligan,  S.,  and  Stanford, 

T.  ir. 

Million,  F.  

Mills  (Million,  F.) 


1,125 
3,054 
. . 1,821 
232 

and  ( 3,400 
. . 1 3,402 
. . 4,592 

. . 5,566 

2,138 


1,563 

3,085 

2,788 

3,085 

2,788 

578 


Year 

1879 

1880 
1880 
1881 
1881 
1882 

1874 

1875 

1876 
1878 
1878 
1878 
1878 
1878 


1881 

1880 

1881 

1880 

1879 

1882 

1882 

1879 

1880 
1882 
1882 
1882 
1881 
1881 
1881 
1881 
1882 

1880 

1879 

1881 

1879 

1881 

1882 


,,  (Thomas,  ir.  M.) 

Milner,  W.,  Griffin,  W.,  Mori, 

F.,  and  Hallewell,  C.  E.  . . 740  1879 

Minchin,  G.  M.,  and  Des- 

peissis,  J.  H.  1,010 

Miot,  J.,  Societe  V Alliance  . . 8,743 

Moffatt,  R.  It 2,759 

Moffatt,  A.,  and  Riehardson, 

T.  H 3,085  1875 

Moffatt,  R.  R.,  and  Chi- 
chester, S 3,441 

Molera,  E.,  and  Celrian,  J.  . . 299 

Molera,  E.  J.,  and  Celrian, 

J.C 1,217 

Molloy,  G 1,455 

Monckton,  E.  H.  C . . 265 

,,  „ ..  ..  3,509 

„ ..  4,597 

Mondos,  J.  A 5,490 

Moore,  S.  J.,  and  Courtenay, 

R.  H 3,078 

Moore,  W.  E.,  and  Prosser, 

W 2,585 

Mora,  C.,  and  Biloret,  A.  ..  4,049 

Morel,  A.  ..  ..  ..  185 

Morgan,  J.  B.,  and  George, 

E 4,482 

Morgan,  T.  (Glouchoff,  K.)  . . 478 

Morgan-Brown  (Foa:,  E.  M.)  4,024 

,,  (Gassett,  0., 

and  Fisher,  J .)  3,768 
,,  (Harding,  G.  P.)  3,166 

,,  (Haskins,  D.G.)  3, OW 

„ (McCarty,  IF. 

F.  C.,andSel- 
Hire,  Baron)  144 
„ (Portier,P.  A.)  3,355 

Mori,  F.,  Hallewell,  C.  E., 

Milner,  W.,  and  Griffin,  W. 

Moritz,  P. 

Moseley,  W. 


1882 

1877 

1882 


1881 

1879 

1880 
1882 
1874 
1874 

1876 
1881 

1873 

1877 
1880 
1882 

1880 

1880 

1881 

1881 

1881 

1878 


Mourlot,  E. 
Mowbray,  G.  M. 


Mucklow',  J.  D.,  and  Spurge 
J.  B 


740 

4,636 

2,969 

307 

3,001 

4,846 

2,121 

2,437 

*190 


1879 

1879 

1879 

1876 

1873 

1879 

1879 

1879 

1880 
1881 
1881 


Muirhcad  (Briggs,  J.  A.,  and 
Kinsman,  F.) 

Muirhead,  A 


No.  Year 


1,774  1882 
2,600  1881 
2,658  1882 

Muirhcad,  A.,  and  Hopkin-J  ^’153  Jggj 

577*  1881 
3,711  1881 


Hopkin- ( 

••(1,5 


son,  J. 

Muller,  C.  II.  F. 

Muller,  II.  J.,  and  Levett, 

A 

Munro,  J.  


Naphegyi,  G.,andConybeare, 

H 

Nawrocki  (Balnkieu'icz,  T.). . 
„ (Limbeck,  B'.  S.)  . . 

Neale,  N.  T 

Neave,  S.  J 

Neill,  A.  O’ 

Nelson,  L.,  and  Anderson,  J. 
E.  (Paine,  H.  M.  and  E. 
B.)  

Nelson,  L.,  and  Paine,  E.  L. 

(Paine,  II.  M.) 

Nettlefold,  J.  H. 

New  ton  (Camacho,  J.  S.)  . . 

„ (Cook,  H.  H’.) 

,,  (Graviir,  A.) 

,,  (Gravier,  A.  J.) 


(Hosmer,  H.  G.) 


1,787 

4,016 

1,626 


2,106 

2,835 

4,408 

902 

4,475 

4,380 


1881 

1878 

1882 


1874 

1880 

1880 

1878 

1874 

1876 


(Hussey,  C.  A.,  and] 
Dodd,  A.  M.  ..i 

(Menier,  H.). . 

(Mersanne,  F.  E.  de) 

(Sociiti  Universelle) 
d’ElectricM  Tom-  > 
masi  ..  ) 

(Stone,  J.  B.) 

(Tommasi,  F.) 

(Volchmar,  E. 

(Wallace,  j.  D.) 

(Weston  Dynamo- 
Electric  Machine 
Co.) 


2,049  1875 


4,118 

2,962 

3,461 

2,769 

2,739 

5,295 

943 

1,211 

311 

2,930 

3,676 

2,375 

2.572 

2.573 
4,705 
5,060 

2,782 

4,057 


94 

4,405 

5,261 

2,015 


New  ton,  F.  M.  . . 

Newton,  H.  B 

Nezeraux,  C.  P. 

Eiaudet,  A.,  and  Reyner,  E. 
Eichols,  J.  V,  .. 

Nitze,  M.  C.  F. 

Nonnandy,  A.,  and  Edwards, 
E 

North,  W.  

Nothornb,  L 

Obach,  E.  A 

Olrick,  II.,  and  Prall,  W. 

E 

O’Neill,  A 

Oppenheiiner,  J. 

Otiel,  La  Society  Alamagny 

et  

Oiiuiston,  F.  A.,  and  Wright, 

F 

Orniiston,  F.  A.,  and  Broug- 
ham, Hon.  H. 

Otto,  N.  A 

Owen,  C.  


4,960 

4,559 

1,569 

3,039 

3,971 

4,495 

3,187 

153 

4,611 

4,041 

4,518 

2,452 


3,317  1878 


1875 

1878 

1873 

1879 
1881 
1881 
1882 
1882 
1878 
1878 
1878 
1881 
1881 
1881 

1876 

1878 

1881 

1881 

1874 

1879 
1881 
1873 


1878 
1881 
1876 
1882 
1880 
1880 
1881 

1879 

1878 

1878 

1878 

1882 


3,831 

4,380 

1,248 


1879 

1876 

1878 


Page,  G.  S. 


5,368  1881 


Paine,  H.  M.  . . 

Paine,  H.  M.,  and  E.  L.  . . 
Paine,  E.  L.  and  Nelson,  L. 

(Paine,  II.  M.) 

Palmer  (Gaumi,  C.)  .. 

Paraire,  E.  L 

Parker,  T.,  and  Elwell,  P. 

B 

Pared,  E.  N. 

Pared,  E.  W 

Partz,  A.  F.  W. 

Fuss  (Abdank,  B.) 

,,  (Gloker,  J.) 


806  1882 

5,006  1881 

1,697  1882 
1,770  1778 
534  1873 

2,.516  1882 
2,518  1882 
4,118  1875 
2,049  1875 

4,118  1875 
2,618  1873 
325  1879 

2,917  1882 
4,686  1878 
4,508  1881 
3,455  1881 
339  1882 
2,674  1882 


Pass  (La  Sociite  Anonyme 
des  cables  Electriques, 
Systime  Berthoud,  Borel, 

et  Cie.) 

,,  (Roosevelt,  C.,  and  Ab- 
dank,  B.) 

Paul,  A.  L.,  and  Hatton,  R.  .1. 

Peck,  II.  D.,  Walter,  II., 
Duieelius,  A.  L.,  Goss,  L. 
H'.,  Higgs,  P.,  Merrell,  F. 

R 

Peebles,  D.  B.,  and  Blyth,  .1. 

Pel,  J.  A 

Perry,  J. 

Perry,  J.,  and  Ayrton,  W.  E. 


Pettit,  S.  ir.,  and  Alberger, 

M.  II 

Pezzer,  0.  de,  and  Carpentier, 

C 

Pfannkuche,  A. 

Pfannkuche,  G.,  and  Dun-  i 

Stan,  R.  E 1 

Phillips,  E.  F. . . 

I 

Phillips,  S.  E.,  and  Johnson, J 
W.  E ■j 

Phillips,  S.  E.  (Partly  John- 
son, IF.  C.)  . . 

Phillips,  S.  E.,  and  Phillips, 

W.  A 

Philips,  IF.  J.,  and  Manly, 
M.M.andR.P.  .. 
Pickersgill,  G . . 


Pierson,  J.  S 

Piette,  L.,  and  Erizik,  F. 

Pillevx,  C.  L.  . . ” . . 

Pilsen 

Piot,  D.  'T. 

Pitkin,  J. 

Pitt  (Bear,  S.  j.  M.)  . . 

,,  (Burrell,  S.  J.)  . . 

„ (Espeut,  W.  B.)  . . 

,,  (Goulard,  L.,  and  Gibb 
J.D.)  .. 

„ (Lugo,  O.) 


(Manyin,  Lemonnie 
and  Co.) 

(Scribner,  C.  E.) 
(Starr,  E.  T. 


Ptanti,  G 

Pope,  F.  L. 

Portier,  P.  A 

Poulet,  V.,  and  Commelin 

Powell,  C.  E 

Powell,  L.  A.  (Gerard-Le 
cuyer,  J.  M . A.) 

Prall,  W.  E 

Prall,  IF.  E,  and  Obidc 

H 

Preece,  W.  H.  Goldstone,  C 
Radcliffe,  J.,  Gray,  M. 
Preece,  W.  H.,  and  James, . 

Prentice,  E.  R 

Price,  A.  P. 

Pritchard,  G.  E. 

Pritchard,  O.  G. 

Probert,  J.,  and  Floyd,  T 
Prosser,  W. 

Prosser,  W.,  and  Moore,  W. ; 
Prothcroe,  P.  . . 
Pulvermacher,  I.  L.  . . 


3clxxiii 

No. 

Year 

' 4,026 

1881 

3,070 

1882 

2,654 

1882 

5,751 

1881 

2,661 

1882 

3,:- 80 

1881 

1,178 

1880 

55 

1882 

783 

1881 

2,613 

1882 

2,642 

1882 

2,830 

1882 

3,036 

1882 

4,601 

1878 

5,322 

1881 

2,845 

1882 

3,650 

1881 

3,655 

1881 

5,743 

1881 

3,603 

1878 

'3,798 

1875 

3,533 

1876 

3,534 

1876 

2,635 

1881 

,4,885 

1881 

1,347 

1882 

2,571 

1882 

1,475 

1880 

1,693 

1877 

3,854 

1877 

5,321 

1878 

1,397 

1880 

2,712 

1882 

636 

1880 

1,397 

1880 

2,712 

1882 

4,851 

1881 

1,692 

1882 

5,451 

1881 

2,391 

1882 

3,283 

1881 

3,679 

1881 

1,257 

1881 

4,942 

1881 

5,352 

1880 

1,119 

1881 

1,696 

1881 

2,394 

1881 

3,425 
5,156 
5,600 
819 
1,713 
2,656 
3,355 
1,046 
4,435 
( 5,593 
"(  5,660 
979 


1879 

1879 

1881 

1882 

1873 

1873 

1879 

1880 

1874 
1881 
1881 
1874 


3,831  1879 


3,521 
129 
4,777 
2,722 
2,816 
2,974 
2,226 
3,4  66 
2,585 
2,725 
1,900 
3,782 
3,469 
1,587 
4,079 


1874 
1882 
1881 
1882 
1878 
1882 
1882 

1875 
1877 

1876 
1876 

1876 

1877 

1878 
1878 


ccclxxiv 


Index. 


No. 

Year 

Piilvermachcr,  I.  L.  .. 

4,094 

1878 

4,180 

1878 

,, 

4,774 

1878 

4,844 

1878 

Punshon,  R 

837 

1882 

5,  my 

1878 

Punshon,  K,,  and  Allport,  C. 

j 

4,850 

1881 

Punshon,  R.,  and  Shippey,  A. 

2,293 

1882 

Putnam,  T.  A.  B. 

2,711 

1881 

Putnnm,  1.  A.  B 

1,125 

1880 

Puvilland,  J.,  and  Raphai-l, 

T 

2,111 

1879 

Puvdt,  J.  P.  C.  de,  and  J. 

Cougnet  

350 

1880 

Quin,  E 

1,239 

1880 

Radcliffe,  J.,  Goldstone,  G., 

and  (Jrav,  M. 

3,381 

1874 

Radcliffe,  J., Gray,  M.,  Preece. 

W.  H.,  Goldstone,  C. 

3,521 

1874 

Radde,  IP 

2,091 

1873 

Raison,  H.  S.  . . 

169 

1882 

Ranvard,  A.  C.,and  Fleming, 

J.  A 

2,807 

1881 

Raphaid,  T.,  and  Puvilland, 

J 

2,111 

1879 

Rapieff,  J. 

831 

1882 

,, 

4,432 

1877 

,, 

2,136 

1882 

211 

1879 

Rath,  A.  W 

*2,658 

1881 

Raworth,  B.  A. 

27 

1879 

Rawson,  F.  L.,  and  Wood* 

house,  0.  E 

1,412 

1882 

Recker,  J.  P.,  and  Haase, 

R 

3,832 

1881 

Reddie  J^.)  .. 

5,268 

1880 

,,  (Biloret,A.,andMora, 

C.) 

4,049 

1880 

„ (Chertemjis,  D.  A.)  .. 

3,349 

1881 

,,  (llunebelley  J.) 

1,856 

1881 

,,  (Menier,  li.)  . . 

756 

1880 

„ (Sedlarzek,  II.,  and 

F.) 

1,596 

1881 

,,  {Volckmary  E.) 

Red  fern  {Bloomjield,  J.  H.). . 

4,398 

1881 

3,679 

1879 

Reese,  F. 

51 

1879 

Reinienschneider,  A.,  and 

Christensen,  F.  S.  . . 

4,693 

1878 

Remington,  G. . . 

192 

1879 

Reqna,  L.  F.,and  Thomas,. J. 

W 

1,336 

1882 

Reynard^  L. 

5,165 

1878 

Reynier,  E 

2,399 

1878 

,, 

2,982 

1877 

Reynier,  E.,  and  Eiaudet,  A. 
Reynier,  N.  E 

3,971 

1880 

471 

1878 

Reynolds,  W.  F. 

1,971 

1879 

515 

1874 

Reynoso.^  A.  F.  C. 

799 

1873 

Rhodes,  B.,  and  Bingswanger, 

G 

2,501 

1882 

Richards,  J.G. . . 

2,760 

1882 

Richardson,  J.  . . 

288 

1881 

2,703 

1881 

,, 

5,681 

1881 

Richardson.  G. 

941 

1882 

2,644 

1882 

Richardson, T.  H.,  and  Moffatt, 

A 

3,085 

1875 

Ridout,  R.  H.  . . 

3,003 

1876 

Riyaud,  E.  

3,054 

1882 

Roche,  C.  F.  de  la 

5,477 

1881 

2,781 

1882 

Roe,  E 

3,010 

1881 

Rogers,  .7.  B 

3,809 

1880 

1,922 

4,854 

1881 

1881 

4,855 

1881 

,, 

621 

1882 

1,288 

1882 

,, 

1,390 

1882 

1,618 

1882 

, , 

1,700 

1882 

,, 

1,999 

1882 

Roquier,  fj. 

75 

1880 

Roosevelt,  C.,  and  Ahdank, 

n 

3,070 

1882 

Rosehrwjh,  A, 

1,476 

1879 

Rouart,  S.  II.,  and  Miqnon,  ' 

3,400 

1881 

J.  D.  V.  I 

3,402 

1881 

No. 

Year 

Rowan,  T.  

5,400 

1881 

Kowett,  W. 

2,077 

1873 

,, 

4,079 

1873 

Rubery,  J 

4,193 

1873 

Russell,  W.  J.,  and  Wilson, 

2,759 

1876 

R 

687 

1877 

Rysselherghe,  F.  van  . . 

2,484 

1881 

.. 

2,804 

1882 

Sahatou,  C. 

469 

1880 

Sabine,  R. 

4,821 

1878 

Sachs,  J.  J. 

894 

1881 

Salomons,  Sir  1). 

Sanders,  F.,and  Danckwerth, 

1,580 

1882 

L 

Saunders,  H.  A.  C.,  and 

2,016 

1879 

Jamieson,  A. 

1,416 

1877 

Sawiczeski,  S.  von 

3,464 

1881 

Saivyer,  E 

3,587 

1879 

Sawyer,  E.,  and  Man,  *4.  . . -j 

4.705 

4,847 

1878 

1878 

Scaife,  R.,  and  Deiss,  A. 

2,866 

1876 

Scantlebury,  W. 

1,932 

1878 

Scarlett,  G. 

1,585 

1880 

Scarlett,  G.,  and  Bell,  J. 
Schaffer,  B.  A.,  and  Bvden- 

4,555 

1879 

bery,  C.  F.  .. 

4,227 

1880 

Schaeffer,  A.  G. 

4,294 

1881 

Sckuckert,  S.  .. 

4,464 

1877 

Schumann,  0.  .. 

960 

1879 

2,179 

1880 

Schuyler,  D.  A.,  and  Water- 

house,  F.  G.  .. 

Schwegler,  F.,  and  Bosso- 

3,002 

1882 

maier,  R 

Scott,  j.,  and  Akester,  W. 

2,823 

1879 

H 

1,412 

1881 

Scott  (Strickler,  IF.)  .. 

3,099 

1876 

Scott,  T.  F 

Scott,  W 

861 

1878 

4,140 

1878 

Scott,  W.  L 

4,671 

1878 

Scribner,  C.  E. 

Sears,  J.  N.,  and  White,  W. 

5,156 

1879 

G 

347 

1880 

Sedlaczek,  H.,  and  Wiknlill,  ) 

2,322 

1879 

F 1 

1,596 

1881 

Seeley,  C.  A. 

Selli^re,  Baron,  ami  Mc- 

1,998 

1880 

Carty,  W.  F.  C 

144 

1879 

Sellon,  J.  S 

3,926 

1881 

3,987 

1881 

,, 

4,005 

1881 

,, 

4,632 

1881 

,, 

5,631 

1881 

,, 

5,632 

1881 

,, 

319 

1882 

,, 

2,818 

1882 

Sellon,  J.  S.,  Ladd,  W.,  and  ( 

4,645 

1878 

Edmunds,  II.  . . ( 

4,646 

1878 

Sellon,  J.  S.,  and  Edmunds,  H. 

1,692 

1879 

1,791 

1879 

Sennett,  A.  R 

1,949 

1879 

6,286 

1881 

Sennett,  R.,  and  Grant,  G.  . . 

2,267 

1879 

Shea,  C.  E. 

4,304 

1878 

Shedlock,  J.  J. . . 

5,498 

1880 

Sheldon,  J. 

2,397 

1879 

Sheridan,  11.  B. 

4,617 

1881 

,,  .... 

931 

1882 

Shippey,  A. 

Shippey,  A.,  and  Punshon, 

879 

1881 

R 

2,293 

1882 

Siemens  II.  von  .. 

4,949 

1878 

,,  {Von  Alteneck,  F. 

and  II.)  .. 

2,652 

1,447 

1879 

,,  {Siemens  and  Ilalske) 

1881 

,,  {Siemens,  E.  IP.)  . . 

,,  {Siemens,  IP.,  and 

Alteneck,  F.  II. 

760 

1882 

von) 

„ {Siemens,  E.  M'.,  and 

2,006 

1873 

Alteneck,  F.  II. 
j’on) 

3,134 

1878 

,,  {Siemens,  E.  IP.  . . 

.583 

1880 

,,  and  Ilalske.. 

1,447 

1881 

Siemens,  C.  W. 

251 

1878 

,,  .... 

2,281 

1878 

3,315 

1878 

4,208 

1878 

2,110 

1879 

, , ... 

4,534 

1879 

,,  ... 

4,614 

1880 

Siemens,  C.  W.,  and  Boothby, 

No. 

Year 

A.  C 

696 

1881 

Siemens,  E.  IP. 

583 

1880 

Siemens,  IP.,  and  Alteneck, 

760 

1882 

F.  II.  von 

Siemens,  E.  IP.,  and  Alte- 

2,006 

1873 

neck,  F.  II.  von 

3,134 

1878 

Siemens,  L. 

2,199 

1879 

Simon  (ScAucArerf,  jS.) 

4,464 

1877 

,, 

960 

1879 

Slater,  T 

2,625 

1874 

Smillie,  R.  D 

2,272 

1880 

1 850 

1882 

Smith,  A. 

1,465 

1882 

Smith,  E.,  and  Clarke,  T.  . . 
Smith,  F.  P.,  and  Leask,  A. 

4,650 

1878 

R 

3,099 

1882 

Smith,  G. 

1,132 

1882 

Smith,  H.J 

Smith,  H.  J.,  and  Graham, 

380 

1874 

W 

1,392 

1882 

Smith,  J.  W. 

3,975 

1881 

Smith,  M.  H.  . . 

Smith,  P.  E.,  Spruill,  S.  R., 

3,981 

1877 

and  Wood,  IP.  R 

4,312 

1876 

Smith,  W.  

4,384 

1875 

,4 

3,622 

1878 

SocUU  Alamayny  et  Oriel  .. 
SocUU  Anonyme  des  Cables 

6,599 

1881 

866 

1882 

Electriques  . . 

1,496 

1882 

Soci^t^.  A)ionyme  la  Force  et 

' 1,097 

1881 

La  Lunv^re,  Soci^te  Ghie-' 

1,653 

1881 

rale  d' Electricite  .. 

2,323 

1881 

4,496 

1881 

Soci^te  Ghu^rale  d' Electricite 

4,066 

1878 

SociHe  Generate  d' ElectriciU 

1,175 

1879 

ProctWs  Jahlochkoff 

725 

1880 

SociHi  V Alliance,  J.  Miot  . . 

3,743 

1877 

Universelle  d'Elec-  \ 

2,782 

1881 

tricit^,  Tommasi  . . "j 

4,057 

252 

1881 

1882 

Soliijnac  et  Cie 

740 

1882 

Soinz(^e,  L 

Sorley,  C. 

1,852 

1881 

4,305 

1881 

2,945 

1882 

Spagnoletti,  C.  E 

869 

1882 

Spalding,  H.  C 

915 

1878 

,,  .... 

1,195 

1878 

,,  .... 

1,196 

1878 

,,  .... 

1,197 

1878 

,,  .... 

1,467 

1878 

Spalding,  II.  C. 

3.637 

1880 

,,  .... 

65 

1881 

Sparling,  J.  A. 

•2,414 

1881 

Specht  (5cAuma/m,  0.) 

2,179 

1880 

Spence  {Kotyra,  M.)  .. 

3,047 

1882 

Spence,  J.  B 

876 

.879 

,, 

2,706 

1879 

Sperr}’,  E.  A.  . . 

3,025 

1882 

Splitdorf,  II. 

*1,272 

1881 

Sprague,  J.  T.  . . 

1,.558 

1873 

,, 

4,662 

1878 

4,762 

1878 

4,454 

1881 

Spruill,  S.  R.,  'lFood,')F.  R, 

4,902 

1882 

Smith,  P.  E 

Spurge,  J.  B.,  and  Mucklow, 

4,312 

1876 

J.  1) 

Stanfield,  J.,  and  Clark,  J. 

5,3'  8 

1881 

L 

•4,918 

1881 

Stanford  (Phillipx,  E.  F.)  . . 
Slan/ord,  T.  W,  and  Milli- 

3,603 

1878 

yan,  S. 

1,563 

1880 

Stanley,  IF. 

2,660 

1882 

Starr,  E.  T 

6,601 

1881 

819 

1882 

Steam,  C.  II.  . . 

•5,000 

1881 

Steams,  J.  B 

2,870 

1873 

Stearns,  J.  M.  . . 

Stern,  IP.  vL,  and  Byllesby, 

5,468 

1881 

II. M 

2,336 

1882 

Sterne,  L. 

3,974 

1874 

Stewart,  C 

4,466 

1878 

Stockman,  B.  P. 

4,315 

1878 

Stokes,  .1.  E. 

4,283 

1878 

Stone,  J.  B 

94 

1874 

Strickler,  IP. 

3,099 

1876 

Strohm,  S.  I). 

3,790 

2,232 

1881 

Stuart,  J.  M. 

1882 

,,  

2,233 

1882 

Index. 


ccclxxv 


Stuart- Wortley,  A.  II.  1’. 
Swahvell,  J. 

Swan,  A. 

Swan,  J.  \V. 


Sussex,  S.  W.  M.  de 
Sussex,  S.  W.  M.  de,  and 
Brasseur,  L.  A 
Sueur,  C.  le 


Tallinjf,  R-,  and  Field,  F.  . . 
Tambourin,  G.  A. 

Teiiac,  C.  L.  van 
Thomav  J . D. .. 

Thomas,  J.  H'.,  and  Requa, 

L.  F. 

Thomas,  W.  M. 

Thompson  {Gary,  IF.  IF.) 


,,  (Langley,  J.  IF.) 

,,  (Pel,J.A.) 

,,  (Reynier,  E.) 

,,  (Rysselberghe,  F. 

van) 

,,  (Union  Electric 

Manufacturing 
Co.) 

Thompson,  A.  M.,  and  Earl, 

H.  D 

Thompson,  R.  C. 

Thompson,  S.  P.,  and  W.  P. 
Thompson,  E.  . . 

Thomson,  E.  and  Uouston,  I 

E.J ) 

Thomson,  H.  L 

Thomson,  J.  H. 

Thomson,  Sir  W 

Thorman,  A.  J.,  Ludeke,  J. 

E.  F 

Tilleard,  F.  D 

Timmins,  H.  . . 

Tisdel,  A.  G.,  Marx,  E., 
Aklem,  F.,  and  Kayser,J. 
Tusandier,  G... 

Tommasi,  F.  .. 

Tommasi,  SoeUte  Universelle 

d’ Electriciti 

Tongue  (Lacom me.  A.) 

Townsend,  J.  D 

Tribe,  A.  

Troxlvi,  G 

Truman,  E.  T 


Tschikoleff,  IF.,  and  Kleiber, 

H 

Tubini,  T 

Tubini,  A 

Tyer,  E 


Tyler,  H.  \V. 


Union  Electric  Manufactur- 

Co '. 

Upton,  H.  E.  M.  D.  C. 

Varicas  (Richardson,  G.) 
Varley,  C.  F 


Varley,  C.  F.  and  F.  H. 
Varley,  C.  F.,  and  Judd, 

W 

Varley,  F.  H.  . . 


392 

1,232 

2,644 

270 

2.184 

2.185 
2,207 
5,396 

441 

4,100 


No. 

Year 

No. 

Year 

No. 

Year 

3,656 

1878 

Varley,  F.  H 

2,776 

1882 

VVeyde,  II.  V. 

446 

1878 

2,456 

1882 

Varley,  F.  H.  and  C.  F. 

6,396 

1881 

Weyde,  H.  S.  \ 

508 

1879 

2,898 

1880 

Varley,  S.  A 

4,905 

1876 

H heeler,  E. 

3,023 

1879 

18 

1880 

,, 

4,435 

1877 

Wheeler,  J.  J. 

1,652 

1882 

250 

1880 

,, 

5,665 

1881 

Wheeler,  H’. 

3,858 

1881 

4,933 

1880 

Varley,  T.,  and  Greenwood, 

5,667 

1881 

J, 

3,911 

1881 

5,004 

1880 

917 

1882 

5,014 

1880 

H.  B 

2,248 

1882 

White,  J.  C., 

and  llai/den. 

2,272 

1881 

Vernede,  F.  T.  de  la,  and  ( 

538 

1882 

II.  u. . . 

473 

1881 

4,202 

1881 

Bairier,  J.  J j 

2,425 

1882 

White,  W.  G., 

and  Sears,  J. 

4,455 

1881 

Verrue,  F 

4,287 

1878 

N. 

347 

1880 

5,494 

1881 

Vincent,  C.  W.  and  Elphin-  f 

332 

1879 

Whiteley,  J. 

1,445 

1879 

5,499 

1881 

stone,  Baron . . . . . . ( 

2,893 

1880 

Whitfchouse,  E. 

6.  w 

1,820 

1874 

5,702 

1882 

Vincent  (Elphiiutone,  B. 

Whiteman  (Bauer,  M.,  and 

905 

1882 

F-)  

2,491 

1882 

Co. 

1882 

465 

1879 

684 

1879 

Whyte,  G.  W. 

5,152 

1878 

,, 

2,557 

1882 

Whyte,  G. 

2,744 

1879 

308 

1878 

Vincent  (Elphinstone,  Lord, 

Wiebe,  R. 

767 

1878 

3,857 

1881 

Partbf)  

2,340 

1882 

V\  ier,  M.  A. 

806 

1875 

\oe\i\  (Bernatein^  A.) 

2,604 

1882 

2,686 

1882 

1,938 

1875 

Vogel  { Vogel,  N.  C.)  .. 

4,812 

1878 

Wighani,  J.  R. 

*2,564 

1881 

1.235 

1881 

Vogelj  N.  C. 

4,812 

1878 

Wigner,  G.  W. 

553 

1880 

4,206 

1875 

Voqely  Sir  J. 

3,033 

1882 

Wiknlill,  F„  and  Sedlaezek, 

2,322 

1879 

1,649 

1882 

Voice,  E.  L 

1,794 

1882 

II. 

1 1,596 

1881 

Volckmar^  E.  . . 

2,288 

1882 

Wild,  J.  H.,  and  Jones,  J.  T. 

5,611 

1881 

1,336 

1882 

4,398 

1881 

Wilde,  H. 

618 

1873 

578 

1882 

,, 

5,261 

1881 

,, 

1,5.54 

1874 

805 

1879 

Volk,  M. . . 

2,962 

1882 

1,228 

1878 

4,069 

1881 

Vyle,  S 

5,002 

1881 

,, 

3,250 

1878 

4,070 

1881 

,, 

5,197 

1878 

4,168 

1881 

Walker  . . 

293 

1874 

,, 

5,008 

1880 

3,380 

1881 

Wallace^  J.  D. . . 

2,015 

1873 

497 

1881 

2,399 

1878 

11  allace,  IF 

• 240 

ls78 

J, 

2,256 

1882 

Waller,  R 

803 

1881 

Wiles,  J.  F. 

65 

1873 

2,484 

1881 

Walter,  H.,  Duivelius,  A.  L., 

644 

1879 

Goan,  L.  ir.,  Uvfqs,  P., 

Wilkins,  T. 

4,306 

1879 

Merrcll,  F.  R.^  Peck^  11. 

Wilkinson,  A.  . 

3,083 

1873 

392 

1882 

D 

5,751 

1881 

3,472 

1879 

Ward,  E.  P 

2,930 

1881 

Willans,  P.  W. 

3,003 

1882 

5,281 

1878 

Ward,  M.  R 

3,976 

1878 

, and  Cromp 

927 

1879 

Ward,  D.,  and  Ball,  A. 

2,033 

ls78 

ton,  R.  E.  B. 

245 

1879 

1,622 

1879 

Ward,  M.  R 

2,538 

1881 

Willard,  F.  L. 

2,803 

1882 

4,988 

1878 

Warlich,  F.  H. . . 

2,068 

1880 

Willatt,  F.  G. 

3,042 

1882 

3,928 

1880 

lFa(ei7iouse,  A.  G 

5,185 

1881 

3,808 

1880 

4,400 

1879 

Waterhouse,  F.  G.,  and 

Williams,  C.,  Ilarrinnton.  F. 

315 

1880 

Schuyler,  D.  A 

3,002 

1882 

ir.,  and  Lam 

, T.  H'. 

3,539 

1881 

4,462 

1878 

Waters,  T.  J 

862 

1874 

Williams,  J.  S. 

5,229 

1881 

1,393 

1881 

Waters,  S. 

1,462 

1882 

5,233 

1881 

3,032 

1881 

Watson,  E.  B 

389 

1879 

84 

1882 

5,668 

1881 

Watson,  G. 

390 

1879 

Williams,  J.  S. 

224 

1882 

Watson,  J.  J.  W. 

2,271 

1880 

560 

1882 

3,338 

1878 

Watson,  T.  A.,  and  Anders, 

,, 

700 

1882 

4,317 

1878 

G.  L 

1,958 

1880 

,, 

766 

1882 

3,800 

1874 

Watt,  A. 

4,255 

1881 

,, 

8.56 

1882 

,, 

3,097 

1882 

,, 

1,174 

1882 

351 

1880 

Wauthier,  J. 

1,172 

1882 

,, 

1,5,56 

1882 

3,401 

1881 

Weathers,  G.  .. 

610 

1876 

2,558 

1882 

4,405 

1879 

Webber,  C.  E.,  and  Bolton, 

,, 

*5,742 

1881 

2,782 

4,057 

252 

715 

39 

1,587 

2,263 

4,009 

124 

375 

4,438 

3,310 

2,198 

3,635 

3,822 

1,845 

557 

2,879 

3,985 

4,575 


1881 

1882 

1881 

1881 

1881 

1882 

1882 

1880 

1874 

1878 

1878 

1880 

1881 

1881 

1881 

1873 

1876 

1881 

1878 

1878 


1882 

1881 

1882 

1877 
1882 
1882 
1882 
1881 

1882 

1878 


F.  J. 

Weiller,  L. 
Welch,  E.  J.  C. 


Wells,  G.,  and  Gilbert,  A.  . 
Werdermann,  R. 


Westphal,  C. 
Westinghouse,  G. 
Weston,  E. 


Weston  D-ynamo  Elec 
chine  Co. 

Wetter  (Jennings,  R. 

,,  (Nothombe,  L 

,,  (Staxiley,  IF.)' 

„ (Wheeler,  IF.) 


ric  Ma- 

s.)  :: 

.. 


1,821 

4,114 

4,278 

4,635 

4,689 

1,510 

1.960 
476 

1,438 

3,156 

4,805 

1,829 

2,477 

2,301 

79 

304 

1,444 

2,364 

2,823 

3,409 

4,280 

4,748 

1,163 

1,611 

1,614 

2,694 

*4,903 

4.960 
1,699 
2,452 
2,660 
3,858 
3,911 


1873 

1882 

1878 

1878 

1878 

1878 

18-0 

1880 

1873 

1874 
1874 

1876 

1877 

1878 

1879 

1880 
1881 
1882 
1882 
1882 
1881 

1876 

1877 
1882 
1882 
1882 
1882 

1877 

1878 
1881 
1882 
1882 
1881 
1881 


Cams  (See 

Carus  Wilson) 

Wilson,  J.  S. 

Wilson,  R.,  and  Russell,  W. 

J 

Wilson,  W.  S. 

Winter,  G.  K. 

Winter,  IF. 

Wirth  (Manly,  M.  M.  and  R. 

P.,  and  Philips,  W.  J.)  . . 
Wise,  Lloyd  (Biirgin,  E.) 


„ (Mandon,  J.  A.) 

,,  (Masin.  T.) 

Wolff  (Jurgensen,  C.  P.,  and 
Lorenz,  L.  F.) 

(Food,  J.  J. 


Wood,  W.  R.,  Smith,  P.  E., 
and  Spruill,  S.  R.  . . 
Woodhouse,  O,  E.,  and  Raw- 

son,  F.  L 

Woods,  E.  and  G 

Woodward,  A.  T. 

Woodward,  H 

Woolley,  L.  G.  .. 

Wortley,  A.  H.  P.  Stuart-  . . 


4.347 

4.348 

687 
3,912 
3,1 16 
1.264 

1,475 

6,085 

4.819 

4.820 
2,147 
4,914 

792 

2,416 

2,851 

2,526 

2,531 

2,563 

2,570 

2,623 

2,632 


1878 

1878 

1877 

1878 
1881 
1877 

1880 

1879 
1881 
1881 

1880 
1880 
1875 

1881 

1881 

1882 

1882 

1882 

1882 

1882 

1882 


4,312  1876 


1,412 

3,917 

4,780 

2,643 

*3,049 

3,656 


1882 

1878 

1881 

1882 

1881 

1878 
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No. 

Year 

No. 

Year 

No. 

Year 

Wright,  F 

3,435 

3,437 

1881 

Young,  G. 

S.,  and  Hatton, 

Zanni,  G. 

. . 4,232 

1877 

,, 

1881 

R.  J.  . . 

1,689 

1882 

. . 1,677 

1878 

,, 

4,778 

1881 

Young,  T. 

3,368 

1879 

. . 4,673 

1878 

Wright,  B'.,  and  Mackie,  M. 
W.  W.  

1,029 

1,031 

. 1,274 

1882 

1882 

2,821 

4,007 

1879 

1880 

1882 

Zanni,  G. 

2,266 

1873 

. . 2,740 

1882 

Wright,  B’.,  and  Ormiston, 

1,855 

1874 

. . 2,741 

1882 

F.  A 

5,006 

1881 

3,795 

1875 

Zifler,  F.  H. 

4,412 

1877 

2,821 

1876 

Zingler,  M. 

1,153 
. . 1,580 

1882 

Young,  F.,  and  B'reenian,  J. 

350 

1879 

M 

4 222 

1876 

Zipenunenky , K. 

1880 

INDEX 


SUBJECT  MATTER. 

Absti’acts  marked  * will  he  found  in  the  Addenda. 


No.  Year 

Accumulators  {See  “Batteries, 
Secondary.’’) 

Advertisements,  illuminating, 

Hickisson  . . . . . . 2,421  1S82 

Ammonia,  producing,  Clarke 
and  Smith  . . . . . . 4,650  1878 

Arago  disc,  Monckton  ..  3,509  1874 

jlRC  Lamps  — (See  also  “Candles, 
Electric-"  “ Arc-Incandescence 
Lamps;”  “ Semi-Incandescence 
Lamps;”  “Carbons;”  and 
‘ ‘ Electrodes,”) 


De  Mersanne 

2,787 

1875 

Prosser 

3,466 

1875 

Weathers  .. 

610 

1876 

Prosser  and  Moore 

2,585 

1877 

Rapieff 

4,4.32 

1877 

Brush 

2,003 

1878 

Siemens  and  Alteneek  . . 

3,134 

1878 

Wilde 

3,250 

1878 

Siemens 

3,315 

1878 

Krupp 

3,837 

1878 

Harding  . . 

4,047 

1878 

Cadett 

4,022 

1878 

Siemens 

4,208 

1878 

De  Meritens 

4,690 

1878 

Pulvermacher 

4,774 

1878 

Sabine 

4,821 

1878 

Thompson  . . 

4,988 

1878 

Whyte 

2,744 

1879 

Harrop 

3,793 

1879 

Eclairage  Electrique 

1,563 

1,826 

1880 

Gordon 

1880 

Apps 

264 

1881 

Berly 

1,027 

1881 

Cohne 

2,369 

1881 

Andrd 

2,563 

1881 

Million 

2,788 

1881 

Greb 

3,015 

1881 

Woolley 

"3,049 

1881 

Bouteilloux  and  Lainq  . . 

3,214 

1881 

Arey 

3,456 

1881 

Rogers 

4,855 

1881 

Mondos 

5,490 

1881 

Varley 

5,665 

1881 

W illiams  . . 

224 

1882 

Brockie 

898 

1882 

Munro 

1,626 

1882 

Kennedy  . . 

2,286 

1882 

Defty 

2,628 

1882 

Glolcer 

2,674 

1882 

Roosevelt  aiid  Abdank  . . 

3,070 

1882 

Actuated  by  weights,  Rapieff 

831 

1882 

Adjusted  at  a distance, 
Mersanne  . . 

De 

3,315 

1876 

Adjusting  position  of 
Hopkinson.. 

arc. 

3,509 

1880 

Aerostatic,  Gerard-Lescuyer 

5,660 

1881 

Alignment  of  carbons,  Com- 
mon . . 

626 

1882 

Applied  to  producing 
monia,  Clarke 

Smith 

am- 

and 

4,650 

1878 

Applied  to  signalling, 
Mersanne  .. 

De 

3,315 

1876 

Arc  Lamps— 

Arc  formed  by  repulsion 
due  to  current,  (ierard- 
Lescuyer  .. 

Arc  striking  mechanism — 

Siemens 

Wilson 

Heinrichs 

Sellon,  Ladd,  and  Ed- 
munds . . 

Reimenschneider  and 
Christensen 
De  Mersanne 

,,  and  Berlin 

Whyte  

Rapieff 

Bousfield 

Hedges 

Brush 

Mackenzie  . . 

Krupp 

Pumlland  and  Raphael 

Andrews 

Crompton 

Houston  and  Thomson  . . 

Harding 

Gatehouse  . . 

Scribner  

Joel 

Eclairage  Electrique  . . 

Watson  

Heinrichs  . . 

Maxim 

Hedges  

Henley 

Million  

Bouteilloux  and  Laing . . 
Harling  and  Hartmann  . . 

Daft 

Andre 

Gerard-Lescuyer .. 
Mackenzie  . . 

Henley  

Hawkes 

Brown 

Lea 

Brockie 

Akester 

Hatton 

Moffatt 

Attaching  globes  of,  Bauer 

and  Co 

Automatic  lighter — 

Weston  Co. 

Wilde  

Automatically  putting  elec- 
trodes successively  in 
circuit,  Desquiens 
Automatically  short-circuit- 
ing main  magnets  of, 
Brockie 

Automatically  switching  in 
second  pair  of  electrodes, 
Godfrey 

Automatically  switching 
into  circuit,  Reynier 


No. 

Year 

3,697 

1879 

4,208 

1878 

4,347 

1878 

4,595 

1878 

4,646 

1878 

4,693 

1878 

5,060 

1878 

5,110 

1878 

5,152 

1878 

211 

1879 

523 

1879 

925 

1879 

947 

1879 

1,635 

1879 

1,969 

1879 

2,111 

1879 

2,321 

1879 

3,509 

1879 

4,400 

1879 

4..590 

1879 

4,796 

1879 

5,156 

1879 

6,157 

1879 

1,5.53 

1880 

2,271 

1880 

4,608 

1880 

4,866 

1880 

4,988 

1880 

5,137 

1880 

2,788 

1881 

3,214 

1881 

3,473 

1881 

4,776 

1881 

4,948 

1881 

5,660 

1881 

95 

1882 

130 

1882 

157 

1882 

1,867 

1882 

1,919 

1882 

2,370 

1882 

2,419 

1882 

2,654 

1882 

2,759 

1882 

1,915 

1882 

4,960 

1878 

5,197 

1878 

3,404 

1881 

3,771 

1879 

4,718 

1879 

1,971 

1879 

Arc  Lamps— 

No. 

Carbons  (See  “ Carbons.”) 

Carbon  coils  for,  Varley  • • 
Carbon  holders,  (See  “ Carho 

2,776 

Holders  for.'’) 
Clutch — 

Brush  

2,003 

De  Mersanne  and  Bertin 

5,110 

Brain  

5,139 

Bousfleld 

523 

Brush  

947 

Krupp) 

1,969 

Gerard-Lescuyer.. 

3,697 

Brush 

3,750 

Brockie 

3,771 

Hickley 

4,354 

Houston  and  Thomson.. 

4,400 

Harding 

4,590 

Scribner  

5,156 

Joel 

5,157 

Houston  and  Thompson 

315 

Harding 

4,191 

Heinrichs 

4,608 

Common  and  Joel 

1,040 

Andrews 

1,526 

Grimstone  . . 

1,670 

Gerard-Lescuyer 

1,685 

GlUcher 

2,038 

Hawkes  and  Bowman  . . 

2,402 

Moffatt  and  Chichester  . . 

2,441 

Edison  

2,495 

Andrd  . . 

2,563 

Harding 

3,166 

Hopkinson . . 

3,362 

Lever  

3,599 

Connolly  .. 

3,668 

Burrell 

3,679 

Brockie 

4,504 

Newton 

4,559 

Daft  

4,775 

Waterhouse 

5,185 

Mondos 

.5,490 

Gerard-Lescuyer . . 

5,660 

Hawkes 

157 

Bright  

377 

Jarman 

563 

Common 

626 

Graham 

1,171 

Levey  and  Lumley  . . 

1,249 

Jeffery  

1,570 

Munro 

1,626 

Young  and  Hatton 

1,680 

Lea  . . 

1,919 

Edison 

2,072 

Lever 

2,092 

Voice  

2,288 

Ayrton  and  Perry 

2,613 

Gumpel 

2,723 

Chadburn  

2,755 

Emmens 

2,914 

Gerard-Lescuyer 

2,992 

Sperry  

3,025 

Roosevelt  and  Abdank  . . 

3,070 

Courtenay 

3,101 

Combined  with  gas — 

Spence  

876 
c c c 

Y'ear 

1882 


1878 

1878 

1878 

1879 
1879 
1879 
1879 
1879 
1879 
1879 
1879 
1879 
1879 

1879 

1880 
1880 
1880 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 

1879 
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Arc  Lamps  combined  with 

No. 

Year 

Grant  and  Sennett 

2,267 

1879 

Watson 

2,271 

1880 

Courtenay  . . 

4,659 

1881 

Varley  

5,396 

1881 

Pritchard  . . 

2,974 

1882 

Compensating  for  burnt 

carbon,  Berjot 

4,428 

1880 

Compensating  for  reduced 
resistance  of  carbon, 

Brockie 

2,370 

1882 

Compensating  for  variation 

of  driving  weight,  Harrison 

3,875 

1879 

Completing  circuit  to.  Mil- 

lion  . . 

2,788 

5,157 

1881 

Connecting  to  leads,  Joel  . . 

1879 

Controlling  number  of, 

Common  and  Joel 

1,040 

1881 

Conveying  current  to  car- 

bons  of,  Andr^  . . 2,764 

Cat-outs,  automatic  {See  alao  “Cwf- 

1880 

Outti  and  Switches,  Automatic. 

') 

Powell  

4,43.5 

1874 

Sawyer  and  Man 

4,705 

1878 

Mori,  Hallewell,  Milner, 

and  Grirtin 

740 

1879 

Brush  

947 

1879 

Gatehouse 

3,750 

1879 

4,796 

1879 

liofjuier 

75 

1880 

£clairage*Electrique  . . 

1,553 

1880 

Harding 

4,191 

1880 

Berjot 

4,428 

1880 

Heinrichs  . . 

4,608 

1880 

Siemens 

4,614 

1880 

Andrews  . . 

1,526 

1881 

Wood  

2,851 

1881 

Lever  

3,599 

1881 

Connolly  . . 

3,668 

1881 

Hill 

3,893 

1881 

Sheridan 

4,617 

1881 

Waterhouse 

5,185 

1881 

King  and  Brown  . . 

5,272 

1881 

Hawkes 

157 

1882 

Jarman 

563 

1882 

Jeffery 

1,570 

1882 

Lever 

2,092 

1882 

Wood 

2,563 

1882 

Moffatt  

2,759 

1882 

Sperry  

Dash-pot  arrangement  for— 

3,025 

1882 

Von  Alteneck 

4,949 

1878 

Siemens 

2,810 

1879 

Brush 

3,7,50 

1879 

Maxim  

4,866 

1880 

Common  and  Joel 

1,040 

1881 

Grimstone  . . 

1,670 

1881 

Gerard- Lescuyer  . . 

1,685 

1881 

Andr^ 

2,.563 

1881 

Woolley 

♦3,049 

1881 

Hopkinson 

3,362 

1881 

Sheridan  . . 

4,617 

1881 

Gerard-Lescuyer . . 

5,660 

1.57 

1881 

Hawkes 

1882 

Bright  

377 

1882  j 

Common  . . 

626 

1882 

Andrews  . . 

1,324 

1882  ' 

Brockie 

2,370 

1882 

Gerard-Lescuyer 

2,992 

1882 

Sperrv 

3,025 

1882 

Defining  point  of  arc. 

Weston  Co. 

4,960 

1878 

Differential,  Siemens  and 

A Iteneck 

2,006 

1873 

Double  water  globe  for,  j 

M‘Cartv  and  Selli^re 

144 

1879 

Driven  by  air  current. 

Heinke 

4,275 

1877  1 

Driven  by  clockwork,  ( 4,275 

1877  1 

Heinke  . . . . . . ( 3,J15 

1878 

Driven  by  engine,  Heinke  4,275 
Duplex  (See  also  ^'Multiplex.") 

1877 

Day 

1,261 

1874 

Brockie  

3,771 

1879 

Common  and  Joel 

1,040 

1881 

Hawkes  and  Bowman 

2,402 

3,893 

1881 

mu 

1881 

Biiryin 

4,820 

1881 

Waterhouse 

5,185 

1881 

Mondos 

5,490 

157 

1881 

Hawkes 

1882 

Weston 

1,163 

1882 

Arc  Lamps— 

Duplex,  Brockie 

,,  clutch,  Brockie 
,,  with  electrodes 

alternately  consumed, 

Grinistone.. 

Duplex,  with  movable  gear- 
ing frame.  Wood  . . 

Electrode  floats  up  against 
refractory  stop,  Ducretet 

Electrode  formed  by  two 
inclined  carbons — 

Bouleilloux  and  Laing . . 

Rapieff 

Electro-magnet  for,  Emmens  5,206 
.>  » „ 2,349 

Encircled  by  “ electrical  j" 


No. 

2,370 

4,504 


1,670 

2,570 

65 


3,214 

4,432 


863 

1,553 


Year 

1882 

1881 


1881 

1882 

1879 


1881 

1877 

1879 

1882 

1879 

1880 


loop,”  Eclairage  - Elec-  - 

triqiie  ( 

Escapements  tor,  Wa/e/- 

house  5,185  1881 

Feeding  pulverised  sub- 
stances to,  Williams  . . 224  1882 

Governed  by  magnet.  Day  1,261  1874 

Globes  for — 

Holmes  . . . . . . 920  1879 

Andrd  5,206  1879 

Munro  1,626  1882 

Hand  regulated,  Wilde  . . 618  1873 

Hermetically  enclosed,  Con- 

cornotti 3,272  1879 

Holding  globe  of, /iifi  ..  3,893  1881 

Hydrostatic — 

Harding 4,046  1878 

Stockman 4,315  1878 

Higgins 4,456  1878 

Molera  and  Celrian  ..  299  1879 


Arc  Lamps—  No. 

Multiplex,  switch  for, 
Jablochkojl  ..  . . 725 

Optical  apparatus  for  (See 
also  “ Optical  Appa- 
ratits.  Light  Diffusing 
Reflectors  and  Lanterns.") 

Wilde  618 

De  Mersanne  . . . . 3,315 

Regulated  by  air  admitted 
to  cylinder,  Gerard-Les- 
cuyer  . . . . . . 5,660 

Regulated  by  easily  fused 
metallic  strip,  Siemens  . . 2,110 

Regulated  by  expansion— 

Lontin  

Siemens 


Harding 

Guest  

Regulated  by  governors 
driven  by  engine,  Scd- 
laczek  and  Wiknlill 
Regulated  by  paddle-wheel, 
Krupp 

periodically. 


Regulated 

Brockie 

Regulating 

Regulating 


2,094 

2,281 

3,315 

2,110 

4,590 

2,980 


1,596 

3,837 

3,771 

4,275 


, Heincke 
distance  be- 
tween carbons,  Imray  . . 382 

Regulating  feed  by  soften- 
ing of  glass,  Solignac  . . 740 

Regulating  length  of  arc,  ( 2,563 
Wood  ..  . . . . 2,570 

Regulating  from  a distance, 
Abdank  . . . . . . 339 


Paraire 

325 

1879 

Regulator  for,  Million 

3,085 

Imray 

382 

1879 

Resistance  balance  for, 

Sedlaczek  and  Wiknlill 

2,322 

1879 

Roosevelt  and  Ahdank  .. 

3,070 

Gerard-Lescuyer . . 

3,697 

1879 

Reversing  polarity  of  arc 

Wigner 

653 

1880 

striking  magnet,  Brockie 

898 

Cohne  

2,236 

1880 

Self-focussing  (See  also  ‘ *A  rc 

Hopkinson.. 

3,509 

1880 

Lamps,  ivith  Semicir- 

Sedlaczek and  Wiknlill 

1,,596 

1881 

cular  and  with  Inclined 

Hopkinson . . 

3,362 

1881 

Carbons  and  with 

Brown  

4,011 

1881 

Cords.") 

Prentice 

4,777 

1881 

Day . . 

1,261 

King  and  Brown  . . 

5,272 

1881 

Marcus  and  Egger 

2,234 

Kapieff  

831 

1882 

Pulvermacher 

4,774 

Spagnoletti 

869 

1882 

Von  Alteneck 

4,949 

Brown  

1,867 

1882 

De  Mersanne 

6,660 

Increasing  light  from — 

Dc  Mersanne  and  Bertin 

5,110 

Mignon  and  Kouart 

3,402 

1881 

Brain 

5,139 

Harrison 

3,559 

1881 

Whyte  

5,152 

Williams  . . 

224 

1882 

Jaspar 

83 

Emmens  . . 

2,349 

1882 

Keith 

1,387 

In  vacuo — 

Harrison 

3,875 

Powell 

4,435 

1874 

Houston  and  Thomson  . . 

4,400 

Varley  

4,100 

1878 

Bouteilloux  and  Laing  . . 

842 

Eclairage  Electrique 

863 

1879 

Krizik  and  Piette 

1,397 

Puydt  and  Cougnet 

1,553 

1880 

Eclairage  Electriqxt.e  . . 

1,.553 

350 

1880 

Siemens 

4,614 

Munro 

1,626 

1882 

Mandon 

4,914 

Localising  arc,  Wilde 

3,256 

1882 

Fyfe  

774 

Magnets  for,  Emmens 

2,349 

1882 

Sedlaczek  and  Wiknlill.. 

1,596 

Magnets  for  unlocking  wheel 

Harling  and  Hartmann . . 

3,473 

train  of,  Grader  . . 

5,295 

1881 

Cance  

3,976 

Maintaining  distance  be- 

Brown 

4,011 

tween  parallel  carbons  of, 

Sheridan 

4,617 

Hedges 

81 

1879 

Varley 

5,396 

Mercur3'  contact  for,  Jaspar 

83 

1879 

Kennedy  

5,524 

Mining,  Andre; 

830 

1879 

Mackenzie  . . 

95 

„ Cougnet 

2,000 

1879 

Henley  

130 

Multiplex  (See  also  “ Duplex 

Crompton 

346 

Prosser  and  Moore 

2,585 

1877 

Spagnoletti 

869 

Ke])ling 

717 

1878 

Kennedy 

1,199 

Bodmer 

4,476 

1878 

Gatehouse  and  Kempe  . . 

2,569 

Mori,  Hallewell,  Grittin, 

Crompton  . . 

2,619 

and  Milner 

740 

1879 

Wood 

2,()32 

Andre 

830 

1879 

Self-regulating,  Brockie  . . 

1,942 

Jahlochkoff 

1,175 

1879 

Short-circuiting  magnet  of, 

Brush 

3,760 

1879 

Uapielf 

211 

Gatehouse  . . 

4,796 

1879 

Short-circuiting  main,  sole- 

Eclairage Electrique 

1,6.53 

1880 

noid  of,  Hopkinson 

1,959 

Bergot 

4,428 

1880 

Solenoid  core  for,  Krizik 

Lacomme  .. 

715 

1881 

and  Piette 

1,397 

Bcrly  

1,236 

1881 

Stopi)ing  action  of,  Maxlxn 

4,866 

Brockie 

1,942 

1881 

Street,  Harrison 

3,875 

Boiiliguine 

1,968 

1881 

Submarine,  Tomxnasi 

4,405 

Gadot 

2,344 

1881 

,,  Heinke  and  Long 

231 

(ribbs  

4,533 

1881 

Supplied  with  finely  divided 

Andrews  .. 

1,324 

1882 

carbon  and  gas,  Pritchard 

2,!  74 

Year 

1880 


1873 

1876 


1881 

1879 

1877 

1878 

1878 

1879 

1879 

1880 


1881 

1878 

1879 
1877 

1879 

1882 

1882 

1882 

1882 

1879 

1882 

1882 


1874 

1877 

1878 
1878 
1878 
1878 
1878 

1878 

1879 
1879 
1879 

1879 

1880 
1880 
1880 
1880 
1880 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1881 

1879 

1879 

1880 
1880 
1879 

1879 

1880 

1882 


Index, 
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Arc  Lamps— 

Supplied  with  powdered 
charcoal,  &c.. 

No. 

Year 

Kapieff  

4,432 

1877 

Varley 

4,100 

1878 

McCarty  and  Selliire 

144 

1879 

Kapieff 

211 

1879 

Grant  and  Sennett 

2,267 

1879 

Son, zee  

1,852 

1881 

Williams  .. 

Supplying  currents  to. 

224 

1882 

Blandu  

Supporting  globes  of. 

2,060 

1879 

Slaxim 

Suspended  by  springs. 

4,866 

1880 

Daft  

Switching  in  pairs  of  rods. 

4,775 

1881 

Tom  masi 

llnlocking  wheel  train  of. 

4,405 

1879 

Grader 

Arc  Lamp.s  with — 

Abutments  (See  also  “ Arc 
Lamps  with  Bejractory 
Electrodes.”) 

5,295 

1881 

Ducretet 

65 

1879 

Siemens 

2,110 

1879 

Harding 

4,191 

1880 

Hedges  

4,988 

1880 

Roche 

Adjustable  fulcramed  lever. 

2,781 

1882 

Common 

Arc  striking  solenoid  auto- 
matically cut  out,  An- 

626 

1882 

drews  

Automatic  cut-out  for  sole- 

2,321 

1879 

noid,  Million 

Automatic  make  and  break. 

2,788 

1881 

Harding 

3,166 

1881 

Bevel  gearing,  Varley 
Brake,  direct — 

5,665 

1881 

Bauer  and  Co.  .. 

1,915 

1882 

Brockie  

Brake  operated  by  shunt 

1,942 

1881 

solenoid,  Andrews 
Carbon  abutment  block, 

1,324 

1882 

Higgs  

Carbon  and  cast-iron  block, 

454 

1879 

Sabine  

Carbon  disc  and  rod,  Ge- 

4,821 

1878 

rard- Le.scuyer 

3,697 

1879 

Carbon  discand  rod,  Hickley 

4,354 

1879 

,,  dies,  Andr^ 

,,  fed  through  hollow 

830 

1879 

carbon,  Thompson 
Carbon  holders  supported 
on  fluid  in  closed  vessels, 

1,622 

1879 

Sedlaczek  and  WiUnlill  . . 
Carbon  passing  through 

1,596 

1881 

steatite  ferrule,  Andr^  . . 
Carbon  placed  within  rotat- 

5,206 

1879 

ing  spirals,  Heinrichs  . . 

4,603 

1880 

Carbon  resistance,  Greb  . . 
Carbon  resting  on  platinum 

3,015 

1881 

tip,  Siemens 

Carbon  rod  and  block. 

2,110 

1879 

Cougnet 

Carbon  rod  and  plate. 

2,000 

1879 

Jamin 

Carbon  rod  fed  against  in- 

863 

1879 

sulated  dise,  Henley 
Carbon  rods  floating  in 
mercury  tubes,  Tom- 

5,137 

1880 

masi 

Carbon  rod  pressed  against 

4,405 

1879 

insulating  core  of  tubular 
carbon — 

Bouteilloux  and  Laing  . . 

842 

1880 

3,214 

4,855 

1881 

Rogers  

Carbon  rod  resting  on  cop- 

1881 

per  block,  Ajidr^ 

Carbon  rollers  and  rod,  Con- 

5,206 

1879 

cornotti 

Carbons  abutting  against 

3,272 

1879 

chisel  edges,  Siemens  . . 
Carbons,  balanced,  Ken- 

2,110 

1879 

nedy 

Carbons  C-shaped,  Hein- 

1,199 

1882 

richs 

Carbons  at  right  angles— 

4,595 

1878 

Whitehouse 

1,820 

1874 

Heinrichs  . . 

4,595 

1878 

Iraray  

382 

1879 

Arc  Lamps  with—  No.  Year 

Carbons,  circular  (See  aUo  "Arc 
Lamps  with  Curved  and  with 
Semicircular  Carbons.’’) 

Heinrichs 4,50.5  1878 

„ 4,(i08  1880 

Carbons,  circular  and  mer-  ( 2,147  1880 
cury  float,  Mandon  . . 4,914  1880 

Carbons,  circular  and  radius, 
arms,  Mandon  . . . . 4,914  1880 

Carbons  concentric,  Asten  2,020  1882 
Carbons  fed  by  weights, 

Hawkes 157  1882 

Carbons,  fed  to  common 
centre,  Brain  ..  5,139  1878 

Carbons  held  by  combus- 
tible material,  Emmens  2,914  1882 
Carbons,  helical — 

Freeman 5,307  1878 

Pilleux  636  1880 

Carbons  normally  held 

apart.  Lever  . . . . 2,092  1882 

Carbons  passing  through 
orifices  in  refractory- 
block,  Bureau,  . . ..  1,704  1880 

Carbons,  vertical  and  hori- 


zontal,  Brain 

5,139 

1878 

Circular  series  of  rods  abut- 
ting on  carbon  block. 

Tomuiabi  . . 

4,405 

1879 

Clutch  regulating  descent 

of  weight,  Harding 

4,590 

1879 

Clockwork — 

Day 

1,261 

1874 

Whitehouse 

1,820 

1874 

De  Mersanne 

3,315 

1876 

Werdermann 

4,805 

1876 

Heinke 

1,910 

1877 

Reynier 

2,987 

1877 

De  Mersanne 

5,060 

1878 

Imray  

382 

1879 

Brockie 

1,713 

1,261 

1882 

Coiled  Spring,  Daw. . 

1874 

Compound  solenoid,  Marctis 

and  Eager 

2,934 

1877 

Contact  maker,  Marexis  and 

Egger 

2,934 

1877 

Converging  carbons  and 

abutments,  Harding 

4,191 

1880 

Cords— 

Jaspar  

83 

1879 

Bousfield 

523 

1879 

Keith 

1,387 

1879 

Joel 

5,157 

1879 

Crompton  . . 

346 

1882 

Rapieff 

831 

1882 

Crompton  . . 

2,619 

1882 

Cord  attached  to  spring 
and  main  .magnet  arma- 
ture, Houston  and  Thom- 

son 

315 

1880 

Cords  and  eseapement. 

Harding 

3,166 

1881 

Cords  and  gearing,  Harling 

and  Hartmann 

3,473 

1881 

Cords  and  puller’s,  Bjlrgin 

4,820 

1881 

Cords  and  ratchet — 

Sheridan  . . 

4,617 

1881 

Cougnet 

2,000 

1879 

Harrison 

3,875 

1879 

Gerard-Lescuyer . . 

3,697 

1879 

Cord,  roller,  and  escape- 

merit,  Mackenzie.. 

1,635 

1879 

Cords  and  weight— 

Million  

2,788 

1881 

Cance 

3,976 

1881 

Andrd  

2,563 

1881 

Cords,  weights,  ratchets. 

and  pawls,  Kennedy 

5,524 

1881 

Curved  carbons  and  mer- 

eury  float,  Mandon 

2,147 

1880 

Curved  electrodes  (See  also 


“ArcLamps  withSemi- 
circular  Carbons.”) 


Werdermann 

4,805 

1876 

Varley  

4,905 

1876 

Curved  metallic  water-cased 

electrode,  Heinrichs 

4,589 

1879 

Differential  motor — 

Andr^ 

2,764 

1880 

Tschikoleff  and  Kleiber  . . 

2,198 

1881 

Differential  solenoid — 

Von  Alteneck 

4,949 

1878 

Arc  La.mps  with — 

No. 

Year 

Differential  solenoid — 

Kennedy  . . 

Differential  solenoid  and 

1,199 

1882 

special  core,  Krizik  and 
Piette 

1,397 

1880 

Definite  feed  and  periodic 

adjustment,  Brockie 

3,771 

1879 

Disc  electrode  (See  also"  A re 


Lamps,  with  liotatiivj 
Disc  Electrode.”) 


Prosser 

3,466 

1875 

Prosser  and  Moore 

2,.585 

1877 

Reynier 

2,399 

1878 

Andr<$ 

830 

1879 

Andrews  .. 

2,321 

1879 

Double  electrode,  Prosser . . 
Electrodes  in  sealed  glass 

3,466 

1875 

receiver,  Emmens 

2,349 

1882 

Electrodes,  tubular,  Zubini 
Endless  cord  and  weight. 

3,635 

1881 

Andre 

Escapement — 

2,563 

1881 

Cance  

3,976 

1881 

Graham 

Expansible  metallic  spiral, 

1,117 

1882 

Harding 

Fan  driven  by  heated  air, 

4,590 

1879 

Sabine  

Feed  magnet  automatically 

4,821 

1878 

short-circuited,  Bright  . . 
Feed  regulated  by  clutch, 

377 

1882 

Moffatt  and  Chichester  . . 
Feed  roller,  Houston  and 

2,441 

1881 

Thomson 

Feed  wheel  and  ratchet. 

315 

1880 

Grumpel  . . 
Float— 

2,723 

1882 

Cohne 

2,236 

1880 

Watson 

2,271 

1886 

Hawkes  and  Bowman 

2,402 

1881 

Andr^  

2,563 

1881 

Fluid  electrode,  Prosser  . . 

3,466 

1875 

Prosser  and  Moore 

2,585 

1877 

Rapieff 

4,432 

1877 

Fly  and  stop,  Henley 
Four  circular  carbons,  Hein- 

120 

1882 

richs 

Friction  arm  and  roller, 

4,608 

1880 

Higgs  

Friction  rollers,  ratchet, 

454 

1879 

pawl,  and  shunt  solenoid, 

Siemens 

Friction  rollers  and  toothed 

4,614 

1880 

wheel,  Houston  and  Thom- 
son   

4,400 

1879 

Fusible  stops— 

Harding 

4,590 

1879 

Gatehouse 

Gearing  {See  also  “ Arc 

4,796 

1879 

Lamps  with  Rack,  Ac.”) 
Whyte  

5,152 

1878 

Chertemps 

3,349 

1881 

JIunro  

1,626 

1882 

Gearing,  bevel,  Varley 

5,665 

1881 

,,  controlled  by  two 

flat  coils,  Holcomhe 

1,384 

1881 

Gearing  and  brake — 

Crompton  . . 

3,509 

1879 

Brockie  

1,142 

1881 

Gearing  and  detent— 

2,370 

1882 

MaxUn 

4,866 

1880 

Henley 

Gearing  and  escapement. 

5,137 

1880 

Brockie 

Gearing  and  fly — 

2,370 

1882 

Bright 

377 

1882 

De  Mersanne  and  Berlin 
Gearing,  flj'er  and  brake 

6,110 

1878 

Siemens 

Gearing  ratchet  and  pawl— 

4,208 

1878 

Hatton 

2,654 

1882 

Mathieson  . . 

2,734 

1882 

Moffatt  

2,759 

1882 

Heinrichs  . . 

4,595 

1878 

Common  and  Joel 

1,040 

1881 

Gearing  and  weight,  Henley 

130 

1882 

Globe  charged  with  inert  gas 

Remington 

192 

1879 

Varley 

Heating  coil  in  expansible 

5,396 

1881 

chamber,  Edison 

2,072 

1882 

ccclxxx 


Index. 


RC  Lamps  with— 

No. 

Year 

Helical  car))ons  inclined  to 

one  another,  Pilleux 

636 

1880 

Helical  carbons  and  stops. 

Pilleux  

636 

1880 

Horizontal  superposed  car- 

bons,  Harding 

4,590 

1879 

Incandescence  lamp  in  its 
shunt  circuit.  Gatehouse 

and  Kempe 

2,569 

1882 

Inclined  carbons — 

Wilson  

4,347 

1878 

Rapieff 

4,432 

1877 

Sellon,  Ladd  and  Ed- 

munds  . . 

4,646 

1878 

Von  Alteneck 

4,949 

1878 

Rapieff 

211 

1879 

Brockie 

3,771 

1879 

Gerard- Lescuyer .. 

1,552 

1880 

Harding 

4,191 

1880 

Gerard’LcfiCuyer  .. 

1,685 

1881 

Boxdignine 

1,968 

1881 

Henley 

130 

1882 

Spagnoletti 

869 

1882 

Graham 

1,171 

1882 

Jeffery 

1,570 

1882 

Emmens  . . 

2,914 

1882 

Inclined  carbons  and  re- 
fractory block— 

Wilde  

5,197 

1878 

McCarty  and  Selliire  . . 

144 

1879 

Inner  and  outer  tubes. 

Andr(^  

5,206 

1879 

Intermittent  feed,  Bi'ockie 

1,713 

1,919 

1882 

Jockey  roller,  Lea  . . 

1882 

Lever  adjustably  fulcrumed 

Common 

626 

1882 

Mackenzie.. 

95 

1882 

Long  solenoid — 

Krizik  and  Piette 

1,397 

1880 

Thomas 

578 

1882 

Long  tapering  solenoid  core, 

Krizik  and  Piette  ..  2,712  1882 
Magnet  core  in  two  parts, 

Andrews  ..  ..  ..  1,526  1881 


Arc  Lamps  with — No.  Year 

Parallel  carbons, 

Jamin  ..  ..  ..  863  1879 

Berby  1,236  1881 

Tubini  3,822  1881 

Gerard-Lescuyer  . . ..  2,144  1882 

Parallel  carbons  and  retrac- 
torv  stop.  Hedges  . . 81  1879 

Parallel  copper  electrodes 
and  stream  of  carbon,  Wier  684  1879 
Pawl  and  rack,  Roosevelt 
and  Abdaiik  ..  ..  3,070  1882 

Peculiarly  wound  solenoid, 

Sperry  3,025  1882 

Pendulum  and  escapement, 

Vo7i  Alteneck  . . ..  4,949  1878 

Pivotted  arms  operated  by 
pinions,  Dubos  . . . . 127  1879 

Pivotted  guide  tube.  Hedges  925  1879 
Pivotted  + carbons  in- 
clined towards — carbon, 

Andrd  830  1879 

Plate  electrodes,  IPaHace . . 240  1878 

Powdered  substances  fed  to 
arc,  Grant  and  Sennett. . 2,267  1879 

Pulleys  and  brake,  Lande  834  1882 

Pure  calcium  fed  thereto, 

McCarty  and  Sellii're  ..  144  1879 

Rack  and  gearing.  Bright  3,305  1881 
Rack  and  pinion,  Rej/- 

nard  5165  1878 

Rack  and  spring  pawl, 

Andrews  ..  ..  ..  2,321  1879 

Rack,  pinion,  and  brake 
arrangement,  Uiiion  Co.  392  1882 

Rack,  pinion,  and  pawl, 

Heinrichs  . . . . . . 4,608  1880 

Racks,  pinion,  and  pen- 
dulum, Million  . . . . 3,085  1879 

Rack,  pinion,  and  ratchet 
wheel,  Gumpel  ..  ..  253  1881 

Radial  arms,  pinions,  and 
gearing,  Heinrichs  . . 4,589  1879 
Radial  electrode — 

Prosser  3,466  1875 


Magnetic  carbons,  Hedges 

925 

1879 

Prosser  and  Moore 

2,585 

1877 

Magnetic  clutch — 

Radius  bars  operated  by 

GUlcher 

2,038 

1881 

chainsand  weights,  Ptcri^ 

Andre  

2,563 

1881 

land  and  Baphael 

2,111 

1879 

Magnetism  of  solenoid  auto- 

Radius  rods,  Dubos 

427 

1879 

inatically reversed,  Brockie  4,504 

1881 

Ratchet  feed,  Gatehouse 

Main  magnet  automatically 

and  Kempe 

2,569 

1882 

cut  out,  Crompton 

346 

1882 

Ratchet  and  pawl,  Von 

Main  mairnet  normally  over- 

Alteneck 

4,949 

1878 

powering  shunt,  Water- 

Refractory block — 

house  

5,185 

1881 

Bureau 

1,704 

1880 

Main  and  shunt  magnets. 

Wilde  

5,197 

1878 

Brush 

947 

1879 

McCarty  and  Sellil^re  . . 

144 

1879 

Main  and  shunt  solenoids, 

Harrison  . . 

3,559 

1881 

Von  Alteneck 

2,652 

1879 

Refractory  electrodes — 

Make-and-break,  Harding. . 

3,166 

1881 

Heinke 

1,910 

1877 

Motor  and  relay,  Mackenzie 

95 

1882 

Hickley 

4,132 

1878 

Motor,  contact  lever,  and 

Sellon,  Ladd,  and  Ed- 

shunt solenoid,  Hoxeston 

munds  . . 

4,046 

1878 

and  Thomson 

315 

1880 

Delaye  

1,536 

1881 

Motor,  differential — 

Daft  

4,775 

1881 

Andr6 

2,764 

1882 

Rogers 

4,855 

1881 

Tschikoleff  and  Kleiber  . . 

2,198 

1881 

Jloche 

5,477 

1881 

Motor  driven  by  heated  air 

Mackenzie  . . 

95 

1882 

from  arc,  Varley  .. 

5,665 

1881 

Refractory  substance,  gas 

Motor  opposing  weight  of 

or  powder  fed  to  arc, 

carbon,  Andrews.. 

2,321 

1879 

Bapieff 

211 

1879 

Movable  gearing  frame — 

Regulating  cords,  Rapieff. . 

831 

1882 

Bousfield 

523 

1879 

Regulating  solenoids,  Fyfe 

774 

1881 

Maxi)n 

1,649 

1880 

Relay  and  electric  motor, 

Berjot  

4,428 

1880 

Mackenzie  . . 

95 

1882 

Gumpel  

253 

1881 

Relay  feed  solenoid,  A^idr(5 

4,948 

1881 

Common  and  Joel 

1,040 

1881 

„ regulator,  Bright  . . 

3,305 

1881 

Wood  

2,851 

1881 

Resistance,  carbon,  .. 

3,015 

1881 

Fyfe  and  Main 

3,821 

1881 

Retarding  apparatus,  Water- 

Buryin 

4,820 

1881 

house  

6,185 

1881 

Varley  

6,396 

1881 

Ring  series  of  carbons,  Har- 

Crompton  

346 

1882 

rison 

3,875 

1879 

iroorf  

2,563 

1882 

Rotating  arc — 

, 

2,570 

1882 

Jamin 

803 

1879 

Moffatt 

2,769 

1882 

Andrews  .. 

2,321 

1879 

Parallel  carbons  (See  also  “ Candles, 

Rotating  carbon  helices, 

Klectric”) 

Freeman  . . 

6,307 

1878 

Sabine 

4,821 

1878 

Rotating  carbon  ring  and 

Weston  Co. 

4,960 

1878 

two  discs,  Harrison 

3,875 

1879 

Rapieff 

211 

1879 

Rotating  disc  electrode — 

Mori,  Hallcwcll,  Milner, 

Whitehouse 

1,820 

1874 

and  GritRn 

740 

1879 

Weathers 

010 

1870 

Arc  Lamp.s  with— 

Rotating  disc  electrode, 
Varley 
Heinke 
Reynier 
Heinke 
Ziffer 
Zanni 
Siemens 
Gye . . 

Forbes 
Whyte 
Heinrichs 
Rapieff 

Crompton  and  Willans 
Henley 
EUve 
Andrews 
Edison 
Gibbs 
Wier . . 

Rotating  hollow  carbons  at 
right  angles,  Imray 
Screw  feed — 

Dc  Mersanne 
Ziffer 

Dc  Mersanne  and  Berlin 
Reynard  .. 

Mackenzie  . . 

Roguier 

Muirhead  and  Hopkinson 

Cance  

Akester 

Bardon 

Semicircular  carbons — 
Heinrichs  . . 

Dubos  

Puvillnnd  and  Raphael 
Heinrichs  .. 

Gatehouse  . . 

Mandon 

Heinrichs 

Mandon 

Sejiarate  feed  current, 
Andrd 

Shunt  circuit  automatically 
broken,  Scribner  .. 

Shunt  feed  magnet,  Moffatt 
Shunt  magnet,  Krupp 
Shunt  electro-magnet  auto- 
matically cutout,  Mathie- 

son 

Shunt  solenoid,  Gerard- 

Lescuyer  

Six  carbons  fed  to  common 
centre.  Brain 
Solenoid — 

Lontin 

Brush 

Dubos  

Con  Alteneck 

Fyfe 

Andrei 

Gerard-Lescuyer.. 
Solenoid  automatically  cut  c 
Andrews  .. 

Million 

Solenoid,  compound — 
Marcus  and  Egger 
Solenoid  cores  acting  as 
dash-pots,  Chadburn 
Solenoid,  differential — 

Von  Alteneck 
Kennedy  . . 

SjK’cial  core — 

Krizik  and  Piette 

Thomas 

Krizik  and  Piette 
Spiral  carbon  surrounding 
straight  carbon,  Pulver- 
macher 

Spring,  coiled,  Day. . 
S])ringand  dash-pot,  Varley 
Step  - by  - step  differentially 
wound  solenoid,  Krizik 
and  Piette.. 

Stream  of  finely  divided 
carbon,  Varley 
Three  carbon  plates,  An- 
drews 

Three  insulated  ]<arallel 
plates,  Andrews  . . 

Tilting  holders,  Weston  Co. 


No.  Year 

4,905  1876- 
1,910  1877 
2,982  1877 
4,275  1877 
4,412  1877 
4,573  1878 
4,208  1878 
4,473  1878 
4,116  1878 
5,152  1878 
4,595  1878 
211  1879 
245  1879 
61,37  1880 
48  1881 
1.526  1881 
2,495  1881 
4,533  1881 
2,686  1882 

382  1879 

3,315  1876 
4,412  1877 

5.110  1878 
5,165  1878 
1,635  1879 

75  1880 
153  1881 
3,976  1881 
2,419  1882 
3,079  1882 

4,695  1878 
427  1879 

2.111  1879 
4,589  1879 
4,796  1879 
2,147  1880 
4,608  1880 
4,914  1880 

4,948  1881 

5,156  1879 
2,759  1882 
3,837  1878 


2,734  1882 

1,685  1881 

5,139  1878 

2,094  1877 
2,003  1878 
2,401  1878 
2,652  1879 
774  1881 
494  1881 
1,685  1881 
at — 

2,321  1879 
2,788  lt81 

2,934  1877 

2,755  1882 

4,949  1878 
1,199  1882 

1,,397  1880 
678  1882 
2,712  1882 


4,774  1878 
1,261  1874 
6,396  1881 


2,712  1882 

4,100  1878 

2,321  1879 

2,321  1879 
4,960  1878 


Index, 
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Arc  IjAmps  with — 

No. 

Y ear 

Armatures— 

No. 

Year 

Armatures— 

No. 

Year 

Train  of  wheels  and  fly,  De 

A rey 

3,456 

1881 

Core,  spiral,  Chadljurn 

2,755 

1882 

Mersanne  and  Berlin  . . 

5,110 

1878 

Berthoud,  Borel,  and  Co. 

4,026 

1881 

Counter  currents  in,  pre 

Tul)ular  electrodes  for 

Varley 

5,665 

1881 

venting,  Wilde 

5,008 

1880 

supply  of  carbonaceous 

Williams 

85 

1882 

Cut-out,  Imsible,  Edison  . . 

33 

1880 

matter,  Tubini 

3,635 

1881 

Akester  and  Barnes 

986 

1882 

Cutting  out  single  coils  of. 

Two  carbon  rotating  discs, 

Williams 

1,174 

1882 

Edison 

3,964 

1880 

Henley  

5,137 

1880 

Matthews  . . 

1,201 

1882 

Cylindrical — 

Two  differential  magnets 

Williams  . . 

1,556 

1882 

Weston 

*4,903 

1877 

and  clutch,  Levey  and 

Kennedy  . . 

1,640 

1882 

Pulvermacher 

4,844 

1878 

Lumley 

1,249 

1882 

Chertemps  and  Dandeu. . 

1,747 

1882 

Weston  Co. . . 

4,960 

1878 

Two  oi^posins*  motors,  Tschi- 

Rogers 

1,760 

1882 

Rapieff 

211 

1879 

Icolej)  and  Kleiber 

2,198 

1881 

Floyd  and  Kirkland 

2,225 

1882 

Elphinstone  and  Vincent 

332 

1879 

Two  pairs  of  carbons  at 

Williams 

2,558 

1882 

Bousfield  . . 

623 

1879 

right  angles,  Heinrichs  . , 

4,595 

1878 

Schuyler  and  Waterhouse 

3,002 

3,156 

1882 

Andrews 

2,321 

1879 

Two  pairs  of  inclined  car- 

Annular,  Werdermann 

1874 

Edison  

2,402 

1879 

bons,  Gerard- Lescuyer  . . 

1,552 

1880 

Arrangement  of,  Richard- 

Houston  and  Thomson  . . 

4,400 

1879 

Two  pairs  of  semicircular 

son 

5,681 

1881 

»»  n 

315 

1880 

carbons  at  right  angles, 

Automatically  short-circuit- 

Zipernowsky 

1,580 

3,324 

1880 

Heinrichs  . . 

4,589 

1879 

ing  coils  of,  Chertemps 

Gnmpel  

1880 

T\yo  parallel  C carbons  and 

and  Dandeu 

1,747 

1882 

Thompson  . . 

3,928 

1880 

rotating  cylinder,  Hein- 

Circuits,  arrangement  of 

Hussey  and  Dodd 

4,265 

1880 

richs 

4,595 

1878 

(See  also  “ Armatures, 

Guinpel 

253 

1881 

Two  parallel  discs,  Andrews 

2,321 

1879 

Winding") 

Edison  

1,240 

1881 

Two  -1-  and  one  — eiectrode 

Weston 

*4,903 

1877 

Hussey  and  Dodd 

2,375 

1881 

and  abutment,  Hedges  . . 

4,988 

1880 

Formby 

565 

1879 

Edison  

2,954 

1881 

Two  semicircular  and  one 

Biirgin  

5,085 

1879 

Newton  

4,559 

1881 

straight  electrode,  Hein- 

Houston  and  Thomson  .. 

315 

1880 

Griscom 

5,551 

1881 

richs 

4,589 

1879 

Elphinstone  and  Vincent 

2,893 

1880 

Thomson 

5,608 

1881 

Two  upper  inclined  carbons, 

Elmore  

3,832 

1880 

Gravier 

943 

1882 

Jeffery  

1,570 

1882 

Heinrichs  . . 

4,608 

1880 

Vincent  and  Elphinstone 

2,340 

2,830 

1882 

Variable  leverage,  Mac- 

Lachaussee 

2,761 

1881 

Ayrton  and  Perry 

1882 

kenzie  

95 

1882 

Edison 

2,954 

1881 

Cylindrical  cage,  Edison  .. 

3,932 

1881 

Verge  escapement,  Graham 

1,171 

1882 

Harling  and  Hartmann  . . 

3,472 

4,107 

1881 

„ hollow,  Lande 

838 

1882 

Vertical  carbons  and  carbon 

Fahrig 

1881 

,,  shell,  Siemens 

and  Alteneck 

disc,  Andrb 

830 

1879 

Akester 

5,525 

1881 

3,134 

1878 

Vertical  carbon  and  hori- 

M’illiams 

85 

1882 

Cylindrical,  with  diagonal 

zontal  carbons  fed  to  fixed 

Siemens 

760 

1882 

coils,  Elphinstone  and 

centre.  Brain 

5,139 

1878 

Rogers 

1,760 

1882 

Vincent  

2,894 

1880 

Vibrating  armature,  Haw'kes 

Wood  

2,623 

1882 

Disc — 

and  Bowman 

9.  402 

1881 

Fyfe  and  Main 

2,636 

1882 

Monckton  . . 

265 

1874 

Vibrating  electrodes,  De  ( 2,787 

1875 

Willard 

2,803 

1882 

Sprague  

4,762 

1878 

Mersanne 

3,315 

684 

1876 

Gordon  

2,871 

1882 

Rapieff 

211 

1879 

Vibrating  electrodes,  Wier 

1879 

Maquaire  . . 

2,885 

3,036 

1882 

Seeley  

1,998 

1880 

Water-cased  terminal,  Sie- 

Ayrton  and  Perry 

1882 

Edison  

2,954 

5,668 

1881 

mens 

2,110 

1879 

Coils  arranged  in  sym- 

Thomson 

1881 

Water  - jacketted  carbons. 

metrical  sets,  Schuyler 

Phillips  and  Johnson 

1,347 

1882 

Remington . . 

192 

1879 

and  Waterhouse  . . 

3,002 

1882 

Rogers  

1,760 

1882 

Arc  Incandescence  Lamps  (see  also 

Coils,  insulated  metallic 

Gerard-Lescuyer  . . 

1,878 

1882 

“ Semi- Incandescence  Lamps") 

tape.  Brougham  . . 

2,044 

1882 

Vincent  and  Elphinstone 

2,340 

1882 

Werdermarm 

2,477 

1878 

Coils,  insulating,  Williams 
,,  manufacturing,  Vin- 
cent and  Elphinstone 

85 

1882 

Jarman 

2,565 

1882 

Hicklev 

4,132 

1878 

Fyfe  and  Main 

2,636 

1882 

Parallel,  Werdermann 

2,477 

1878 

2,340 

1882 

Driving— 

Armatures — 

Coils,  radially  adjustable. 

Zanni 

4,232 

1877 

Tyer  

1,845 

1873 

Maquaire 

2,885 

1882 

Thomson  . . 

5,668 

1881 

Siemens  and  Alteneck  . . 

2,006 

1873 

Compound  pole — 

Drum,  Williams 

1,556 

1882 

Gaum6 

2,618 

1873 

Akester  and  Barnes 

986 

1882 

Duiffex,  Brockie 

756 

1882 

Monckton 

265 

1874 

Plot  . . 

1,692 

1882 

Ellipsoidal,  Werdermann  . . 

3,156 

1874 

Chutaux 

3,509 

1874 

Compound  disc,  Edison  . . 

2,052 

1882 

Grooved,  Paine  and  Paine 

2,049 

1875 

4,454 

1874 

„ ring— 

Biirgin  . . . . • 

Helical — 

Biirqin  

3,243 

1875 

6,085 

1879 

Werdermann 

3,156 

1874 

Fuller  and  Crandall 

3,364 

1875 

Akester  

5,525 

1881 

Andrews  .. 

540 

1882 

Camacho 

3,416 

1875 

Chameroy . . 

2,295 

1882 

Immersed  in  liquid,  Millar 

4,592 

1881 

Kimball 

3,999 

1875 

Conductors,  ha,x, Edison. . 

1,139 

1882 

Longitudinal  coils,  with — 

Bastet  

1,931 

1878 

,,  silver  wire, 

Thompson  . . 

Solignac 

740 

1882 

Zanni 

2,821 

1876 

4,988 

1878 

Brockie 

756 

1882 

Lontin 

3,264 

1876 

Cooling  by  water,  Elmore. . 

3,832 

1880 

Spagnoletti 

869 

1882 

Faure  

3,670 

1876 

Core  of — 

Machine  for  winding  an- 

Varley 

Jablochkoflt 

4,905 

1876 

Siemens  and  Alteneck  . . 

2,006 

1873 

nular,  Haase  and  Recker 

3,832 

1881 

270 

1877 

Weston 

*4,903 

1877 

Manufacture  of,  Dion 

3,880 

1881 

3,187 

1877 

Siemens  and  Alteneck  . . 

3,134 

1878 

Mounting — 

Hickley 

3,552 

1877 

Ward  

3,976 

1878 

Thomson  . . 

5,668 

1881 

Varle}’ 

4,435 

1877 

Heinrichs  . . 

4,689 

1879 

Brougham 

2,044 

1882 

Schuckert  .. 

4,464 

1877 

Perry  

1,178 

1880 

Wood  

2,531 

1882 

Gramme  and  d’lver- 

Edison  

1,385 

1880 

Multiplex — 

nois  

953 

1878 

Zipernowsky 

1,580 

1880 

Werdermann 

3,156 

1874 

Brush 

2,003 

1878 

Gnmpel  

253 

1881 

Kennedy  

4,541 

1881 

SocUK  d’ Electridte 

4,066 

1878 

Jurgensen  and  Lorenz  . . 

2,416 

1881 

Multiple  pole— 

Higgs 

4,206 

1878 

Giilcher 

64 

1882 

Heinrichs  . . 

4,595 

1878 

Verrue 

4,287 

1878 

Henley 

130 

1882 

Bert  in  and  De  Mersanne 

5,076 

1878- 

Formby 

565 

1879 

Sheridan  . . 

931 

1882 

Brain 

6,139 

1878 

Keith 

1,387 

1879 

Brockie  

756 

1882 

Rapieff  

211 

1879 

Chambrier  .. 

4,428 

1879 

Jarman 

2,565 

1882 

Dubos  

749 

1879 

Joel 

5,157 

1879 

Sperry  

3,025 

1882 

Sellon  and  Edmunds 

1,949 

1879 

Slater  

2,272 

1880 

Ayrton  and  Perry . . 

3,036 

1882 

Elmore 

3,565 

1879 

Willatt  

3,808 

1880 

Core,  brass,  De  Meritens  . . 

3,658 

1878 

Lamar 

4,696 

1870 

Niaudet  and  Rey- 

,,  hollow  ring  containing 

Werdermann 

79 

1880 

nier 

3,971 

1880 

the  conductor,  Fanjuhar- 

Cance  

4,005 

1880 

Etece 

48 

1881 

son  . . 

2,771 

1882 

Biloret  and  Mora  . . 

4,049 

1880' 

Waller  

803 

1881 

Core,  movable,  Schuyler  and 

Hopkinson  and  Muirhead 

4,886 

1889 

De  Meritem 

2,212 

1881 

Waterhouse 

3,002 

1882 

Hehiej'  

5,137 

1880 

Lachaussi^e 

2,761 

1881 

Core,  non-magnetic,  Siemens 

Gordon 

78 

1881 

Mignon  and  Rouart 

3,400 

1881 

and  Alteneck 

3,134 

1878 

Wilde  

497 

1881 

ccclxxxii 
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Armatures,  Multiple  pole- 

No. 

Year 

Armature,  Winding— 

No. 

Year 

Batteries,  Secondary— 

No. 

Year 

Siemenn  and  UaUke 

1,447 

1881 

Werdermann 

2,364 

1882 

Electrodes  for, 

Muller  and  Levett 

1,787 

1881 

Crompton 

2,618 

1882 

Swan  

2,272 

1881 

Lane- Fox  .. 

3.394 

1881 

Weston 

2,694 

1882 

Muirhead 

2,606 

1881 

Fahrij; 

4,107 

1881 

Tommasi  . . 

2,782 

1881 

Aylesbury  . . 

4,304 

1881 

Batteries,  Secondary— 

Laurie  

2,823 

1881 

riot 

4,851 

1881 

Planti  

1,713 

1873 

Sellon  

3 926 

1881 

(iordon 

5,536 

1881 

Stearns 

2,870 

1873 

3,987 

1881 

Gerard-Leecuyer . . 

5,593 

1881 

Achard 

1,387 

1877 

De  Rabat h 

4,005 

1881 

Cuniine 

2,318 

1882 

Lane- Fox 

3,988 

1878 

4,037 

1881 

Hallett 

2,573 

1882 

Wilson  

4,348 

1878 

Watt 

4,255 

1881 

Gordon 

2,871 

1882 

Edison 

5,306 

1878 

Laurie  

4,310 

1881 

Oval,  haison  . . 

169 

1882 

Faure  

129 

1881 

Volckmar 

4,398 

1881 

Ring— 

La  Socirte  la  Force  et  la 

1,676 

1881 

Swan 

4,455 

1881 

Evans 

1,970 

1873 

Sellon  

4,632 

1881 

Monckton  . . 

4,597 

1876 

Lumu  re^  d:c.  .. 

2,323 

1881 

Fournier  .. 

5,104 

1881 

Wilde 

1,228 

1878 

Muirhead  . . 

2,606 

1881 

Crompton  and  Fitzgerald 

.5,159 

1881 

Siemens  and  Alteneck 

3,134 

1878 

Tom  masi 

2,782 

1881 

Biggs  and  Beaumont 

5,198 

1881 

Ward 

3,976 

1878 

Watt  

4,255 

1881 

Carpentier  and  Pezzer  . . 

5,322 

1881 

Zanni 

4,573 

1878 

Laurie 

4,310 

1881 

Fitzgerald.  Biggs,  and 

Sprague 

4,762 

1878 

Volckmar  . . 

4,398 

1881 

Beaumont 

5,338 

1881 

Brain 

5,139 

1878 

Parod  

4,.508 

1881 

Pitkin 

5,451 

1881 

Rapieff 

211 

1879 

Rogers  

4,854 

1881 

Fitzgerald 

5,481 

1881 

Schuckert  . . 

960 

1879 

Fournier  . . 

5,104 

1881 

Swan 

5,494 

1881 

Heinrichs  . . 

4,589 

1879 

Volckmar  .. 

5,261 

1881 

Grout  and  Jones  . . 

5,521 

1881 

GlouchoJ}' 

478 

1880 

Fitzgerald  . . 

5,481 

1881 

Sellon  

5,631 

1881 

Perry 

1,178 

1880 

Kenne;4y  . . 

72 

1882 

Fitzgerald,  Biggs,  and 

Fitzgerald  . . 

872 

1880 

Liardet  and  Donnithorne 

120 

1882 

Beaumont 

29 

1882 

Gumpel 

3,041 

1880 

Tommasi  . . 

252 

1882 

Kennedy  . , 

72 

1882 

Heinrichs  . . 

4,608 

1880 

Barrier  and  Veryihle  . . 

538 

1882 

Liardet  and  Donnithorne 

120 

1882 

Hiyrj^s 

1,961 

1881 

Williams  . . 

560 

1882 

Boettcher 

130 

1882 

Marling  and  Hartmann 

3,472 

1881 

700 

1882 

Tommasi 

252 

1882 

De  Meritem 

4,207 

1881 

De  Meritens 

766 

1882 

Humphreys 

289 

1882 

Joel . . 

4,607 

1881 

1,173 

1882 

Sellon  

319 

1882 

Henley 

130 

1,882 

Molloy 

1,455 

1882 

Barrier  and  Verti^de  . . 

538 

1882 

Jhissei!  and  Dodd 

234 

1882 

Faure 

i,769 

1882 

Williams  . . 

766 

1882 

Sheridan  .. 

931 

1882 

Rogers  

1,999 

1882 

Pulvermacher 

837 

1882 

Jidison 

1,139 

1882 

Cuttriss 

2,135 

1882 

Swan 

905 

1882 

Gravier 

1,211 

1882 

Lory 

2,409 

1882 

Williams  . . 

1,174 

1882 

Levey  and  Lumley 

1,249 

1882 

Bright  

2,602 

1882 

Lyte 

1,363 

1882 

Rogers 

1,760 

1882 

Woodward., 

2,643 

1882 

Cohne  

1,437 

1882 

Emmens 

2,349 

1882 

Gumpel 

2,688 

1882 

Lalande  and  Chaperon  . . 

1,464 

1882 

Willard 

2,803 

1882 

Epstein 

2,807 

1882 

Brain 

1,,548 

1882 

Ayrton  and  Perry 

2,830 

1882 

Nezeraux  . . 

3,039 

1882 

Tribe  

1,587 

1882 

Ma<iuaire  . . 

2,885 

1882 

Alternating  current  from. 

Fitzgerald,  &c. 

1,875 

1882 

Parker  and  Elwell 

2,917 

1882 

Wilson 

4,348 

1878 

Cathcart 

2,068 

1882 

La  Cie.  Elcctrique 

2,990 

1882 

Application  of — 

Cuttriss 

2,135 

1882 

Ayrton  and  Perry 

3,036 

1882 

Edison 

4,226 

1878 

Tribe  

2,263 

1882 

Ring,  elongated — 

Rapieff  

211 

1879 

Emmens 

2,349 

1882 

Weston 

*4,903 

1877 

Buell 

5,656 

1881 

Pitkin 

2,391 

1882 

Maxim 

1,372 

1880 

Dimelius,  Goss,  Iliqqs, 

Lory 

2,409 

1882 

Hussey  and  Dodd 

4,265 

1880 

Merrell,  Pecky  and 

Vincent  and  Elphinstone 

2,491 

1882 

l\Ioffatt  and  Chichester 

3,441 

1881 

Walter 

5,751 

1881 

Williams  . . 

2,558 

1882 

Little 

497 

1882 

Arthur 

2,128 

1882 

Bright 

2,602 

1882 

Brougham  . . 

2,044 

1882 

Rogers 

1,390 

1882 

Woodward 

2,643 

1882 

Werdermann 

2,364 

1882 

Charge  of,  indicating,  Cams 

Brain 

2,659 

1882 

Jarman 

2,565 

1882 

Wilson  

5,687 

1881 

Gerard- Lescuyer  . . 

2,676 

1882 

Blyth  and  Peebles 

2,661 

1882 

Charging — 

Fitzgerald 

2,763 

1882 

McTinhe 

2,744 

1882 

Houston  and  Thomson  . . 

4,400 

1879 

Varley 

2,776 

1892 

Schunler  and  ^yaterhou8e 

3,002 

1882 

Edison 

4,553 

1881 

Epstein  

2,807 

1882 

Sperry 

3,025 

1882 

Williams 

85 

1882 

Sellon  

2,818 

1882 

Rolling — 

Woodward  . . 

2,643 

1882 

Eaton  

2,826 

1882 

Werdermann 

1,829 

1877 

Charging  and  discharging — 

Emmens 

2,913 

1882 

Smith 

3,981 

1877 

Thomson  . . 

3,032 

1881 

Parker  and  Elwell 

2,917 

1882 

Bear 

3,283 

1881 

Deprez  and  Carpenlier  . . 

4,128 

1881 

Aron 

2,943 

1882 

Spherical — 

Parod  

4,.508 

1881 

Sorlev 

2,945 

1882 

Werdermann 

3,156 

1874 

Carus  Wilson 

5,681 

1881 

Wilkinson 

3,003 

1882 

Biirgin 

4,819 

1881 

Perry 

65 

1882 

Nezeraux  .. 

3,039 

1882 

Raison 

109 

1882 

Williams 

2,5.58 

1882 

Watt  

3,097 

1882 

Spring  mounted,  Andrews 

540 

1882 

Emmens 

2,912 

1882 

Electrodes,  coiled — 

Ventilating — 

Combined  with  incandes- 

I'arlev  

2,770 

1882 

Weston 

*4,903 

1877 

ccnce  lamp,  Gumpel 

2,756 

1882 

Emmens 

2,913 

1882 

Maxim 

1,,392 

1880 

Conical  cells,  with,  LaSociete 

Electrodes  forming — 

Zipernowakii 

1,580 

1880 

Anonyine  la  Force  et  la 

Liardet  and  Donnithorne 

120 

1882 

Hushcy  and  Dodd 

4,265 

1880 

Lumit-rey  dec. 

1,097 

1881 

Boettcher 

130 

1882 

Edison 

3,932 

1881 

Condensers  used  with,  Scott 

4,671 

1878 

Muirhead 

2,654 

1882 

Giilcher 

64 

1882 

Coupling — 

Gerard- Lescuyer  . . 

2,676 

1882 

Raison 

160 

1882 

Lane-Fox 

4,043 

1878 

Epstein 

2,807 

18S2 

Lande 

838 

1882 

Brain  

2,659 

1882 

Electrodes,  protecting— 

Sheridan  . . 

931 

1882 

Edison 

5,306 

1878 

Price  

2,722 

1882 

Vibrating,  Pope 

2,656 

1873 

Williams  .. 

2,658 

1882 

Nezeraux  . , 

3,039 

1882 

Winding  {See  also  “ Anna- 

Nezeraux 

3,039 

1882 

Electrodes,  separate  charg- 

tures^  Circuits,  Arrange' 

Currents  from  lamps  are 

ing  and  discharging,  Wil* 

iiient  o/.”) 

switched  through,  Arthur 

2,128 

1882 

liams  ..  .. 

2,658 

1882 

Weston 

*4,903 

1877 

Cut-out  for,  Munro. . 

1,626 

1882 

Electrolytes  for — 

Weston  Co. . . 

4,060 

1878 

Elastic  separating  pieces, 

Wilson  

4,348 

1878 

Thompson  . . 

3,928 

1880 

Brain 

1,548 

1882 

Houston  and  Thomson  .. 

4,400 

1879 

Cabanellas.. 

200 

1881 

Electrodes  for — 

Laurie  

2,823 

1881 

Siemens  and  Ilalske 

1,447 

1881 

Wilson 

4,348 

1878 

Watt  

4,255 

1881 

Muller  and  Levett 

1,787 

1881 

Houston  and  Thomson  .. 

4,4(K) 

1879 

Laurie 

4,310 

1881 

Newton 

4,559 

1881 

Faure 

129 

1881 

Sellon 

4,005 

1881 

Joel  . . 

4,607 

1881 

Faure  

1,670 

1881 

Fitzgerald,  Biggs,  and 

Weston 

1,614 

1882 

Jahlochlroj) 

1,745 

1881 

Beaumont 

29 

1882 

Index. 
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iATTEitiKN,  Secondary — 

No. 

Year 

Cables,  Electric — 

No. 

Year 

Cables,  Electric— 

No. 

Year 

Electrolytes  for, 

Clailc 

361 

1882 

Manufacturing, 

Cuttris  

1882 

Telegraph,  Henley  .. 

386 

1882 

Heinrichs 

4,589 

1879 

Rmtnens 

2,349 

1882 

Candles,  Electric — 

Manufacturing  hollow  or 

\'arley 

2,77(1 

1882 

Jablochkoff 

3,5.52 

1876 

cored,  Miynon  and  Rouart  3,4C2 

1881 

Gas— 

Werderinann 

4,805 

1876 

Manufacturing,  press  for, 

and  Beaumont 

5,198 

1881 

Jablochkoff 

494 

1877 

Edison 

2,402 

1879 

Morel 

185 

1882 

Wilde  

3,250 

1878 

Measuring  resistance  of. 

Williams 

856 

1882 

De  Meritens 

178 

1879 

Crookes 

1,079 

1882 

2,5.58 

1882 

Jablochkoff 

1,175 

1879 

Saturated  w'ith  hj'dro- 

Westplial 

2,823 

1882 

De  Meritens 

2,339 

1879 

carbon,  Varley 

5,396 

1881 

Gtllcher 

2,875 

1882 

Gatehouse 

4,796 

1879 

Testing  apparatus  for. 

Lead  fibres  for,  Eaton 

2,826 

1882 

Berly  

1,027 

1881 

Rogers 

1,288 

1882 

Portable— 

Williams 

1,236 

1881 

Thickening,  at  junction 

Sellon 

4,632 

1881 

224 

1882 

with  conductors.  Lane- 

Gumpcl 

2,756 

1882 

Disc  form,  Andrews 

416 

1879 

Fox 

1,647 

1882 

Preparing  lead  for— 

Holder,  Denarouse  . . 

3,170 

1879 

Spiral,  Waller 

803 

1881 

Boys 

1,946 

1882 

In  vacuum,  Blamires 

455 

1880 

With  wick,  glass,  Siemens 

2,199 

1879 

Bojfffett 

2,595 

1882 

Relighting,  Jablochkoff  . . 

1,175 

1879 

,,  metallic,  De 

Preventing  reverse  current 

With  clockwork,  Jabloch- 

Hamel 

2,543 

1879 

entering,  Munro  . . 

1,626 

1882 

koff 

3,552 

1876 

Zig-zag,  Waller 

803 

1881 

Pyramidal  - shaped  cells, 

Carbons  (See  also  “ Electrodes 

Cell— 

Faine  

1,676 

1881 

candescence  Lamps,  Filaments 

Electro-plating,  Edison  . . 

768 

1881 

Separate  discharging  elec- 

for.’') 

Porous  carbon  for,  Varley 

2,776 

1882 

trodes  for,  Williams 

2,558 

1882 

Monckton  . . 

4,597 

1876 

Cement,  composition  of. 

Small,  fed  by  large,  Rogers 

1,999 

1882 

Prosser  and  Moore 

2,585 

1877 

for  mounting  filaments. 

Regulating  current  from — 

Reynier 

2,982 

1877 

Nathomb 

2,452 

1882 

Thomson 

3,032 

1881 

,, 

471 

1878 

Chandeliers  for  electric  lamps. 

De  Kabath . . 

4,060 

1881 

Scott  

861 

1878 

Edison 

1,802 

1881 

EdUon 

4,553 

1881 

Brush 

2,003 

1878 

Chinamen,  hair  of,  Stanley  . . 

2,660 

1882 

Williams 

2,558 

1882 

Gray 

4,553 

1878 

Circuits — 

Vessels  for — 

Punshon 

5,105 

1878 

Autoniaticallv  opening. 

Faure 

1,769 

1882 

Freeman 

5,307 

1878 

Edison  

2,402 

1879 

Parker  and  Elwell 

2,917 

1882 

Cohr.e  

277 

1879 

Closer  and  breaker.  Me- 

Battery,  thermo-electric. 

Jamin 

863 

1879 

chanical,  Weston  . . 

*4,903 

1877 

Faurd 

2,946 

1875 

Thompson  . . 

1,622 

1879 

Preventing  static  charge  in 

RAKE,  Electric — 

De  Hamel  . . 

2,543 

1879 

lighting,  Crompton 

346 

1882 

Lontin 

3,264 

1876 

Werderinann 

304 

1881 

Coils,  forming,  Clarke  and 

Winter 

3,146 

1881 

Lorrain 

2,848 

1881 

Leigh  . . 

1,483 

1882 

RUSHES,  Commutator — 

Bouteilloux  and  Laing . . 

3,214 

1881 

Coils,  Induction  (See  “ Gene- 

Schuckert  . . 

960 

1879 

James  and  Lee 

4,396 

1881 

rator.  Secondary  and 

Gumpel 

3,041 

1880 

De  Chanyy 

4,405 

1881 

“ Induction  Coil.") 

Hopkinson  and  Muir- 

Allport  and  Punshon 

4,850 

1881 

Insulating,  Dion 

3,880 

1881 

head . . 

4,886 

1880 

Liveing  and  Boys 

69 

1882 

Intensity,  Monckton 

4,597 

1876 

Andr(^ 

5,268 

1880 

Munro  

1,626 

1882 

Ruhmkorff,  De  Sussex 

465 

1879 

De  Meritens 

4,207 

1881 

Smith 

1,465 

1882 

Collectors,  Current  (See  also 

Gordon 

2,871 

1882 

Maxim 

1,619 

1882 

“ Commutator."] 

Edison  

3,804 

1881 

Hallet  

2,560 

1882 

Cochrane  . . 

4,313 

1878 

Gumpel 

253 

1881 

Varley 

2,776 

1H8-42 

Liveing 

4,833 

1880 

Double,  Schuyler  and 

Wilkinson  . . 

3,003 

1882 

Parker  and  Elwell 

2,917 

1882 

Waterhouse 

3,002 

1882 

Vogel 

3,033 

1882 

Disc  running  in  mercury. 

Embracing  nearly  the  whole 

Adjusting  resistance  of — 

Henley 

5,137 

1880 

of  the  commutator,  Rai- 

Crookes 

1,079 

1882 

Commutator  (See  also  “ Collectors, 

son 

169 

1882 

Hallet  

2,560 

1882 

Current,"  and  “ Switches.") 

Holders  for — 

Circular,  Heinrichs 

4,608 

1880 

Siemens  and  Alteneck  .. 

2,006 

1873 

Hallett  

2,573 

1882 

Combined  at  ends  with 

Wallace 

2,015 

1873 

La  Cie.  Electrique 

2,990 

1882 

pyrotechnic  composition. 

Stone  

94 

1874 

Inclined,  Edison 

1,385 

1880 

Holcombe  .. 

1,384 

1881 

Monckton 

265 

1874 

Isolated,  breaking  contact, 

Combined  with  liquid  car- 

De  Mersanne 

1,446 

1874 

Ediaon 

3,231 

1881 

bonaceous  substance, 

Werdermann 

3,156 

1874 

Mounting — 

Brougham  . . 

630 

1880 

Monckton 

3,509 

1874 

Heinrichs 

4,595 

1878 

Concentric,  Asten  . . 

2,020 

1882 

Lartique  . . 

3,771 

1874 

and  Co 

4,960 

1878 

Covered  with  enamel  or 

Chutaux 

4,454 

1874 

Elphinstone  and  Vincent 

332 

1879 

glass,  Miynon  and  Rouart 

3,402 

1881 

Hussey  

2,043 

1875 

Edison 

2,893 

1880 

Endless,  for  incandescence 

Clamond  . . 

2,205 

1875 

3,964 

1880 

lamp,  Graham  and  Smith 

1,392 

1882 

Kilner  

2,996 

1875 

De  Meritens 

4,207 

1881 

Flexible — 

Fxdler  and  Crandall 

3,364 

1875 

Joel 

4,607 

1881 

Harrison 

3,470 

1878 

Carmacho  .. 

3,416 

1875 

Andrews  . . 

540 

1882 

Punshon 

5,105 

1878 

Edison  

3,762 

1875 

Vincent  and  Elphinstone 

2,340 

1882 

Holders  for — 

Paine 

4,118 

1875 

Werderinann 

2,364 

1882 

Bru«;h 

2,003 

1878 

Berlin 

4,311 

1875 

Ayrton  and  Perry 

2,830 

1882 

Godfrey 

4,718 

1879 

Lontin 

3,264 

1876 

Gordon 

2,871 

1882 

Bouteilloux  and  Laing  . . 

842 

1880 

Faure 

3,670 

1876 

Sperry 

3,025 

1882 

Berjot 

4,428 

1880 

Weston  

4,280 

1876 

Mounting  automatically  ad- 

Chertemps  .. 

3,349 

1881 

Monckton  . . 

4,597 

1876 

justed,  Houston  and 

Biirgin 

4,820 

1881 

Varley  

4,905 

1876 

Thomson  , . 

315 

1880 

Waterhouse 

5,185 

1881 

Rapieff 

4,432 

1877 

Overlapping  two  plates. 

Varley 

5,396 

1881 

Weston  

4,748 

1877 

eston 

*4,903 

1877 

Hollow,  De  Hamel  . . 

2,543 

1879 

'•4,903 

1877 

Placed  at  an  angle,  Willard 

2,803 

1882 

,,  for  arc  lamps.  King 

1,822 

1882 

Pulvermacher 

1,587 

1878 

Rotary,  metallic  wire,  Bi- 

„ for  incandescence 

Brush 

2,003 

1878 

loret  and  Mora  .. 

4,049 

1880 

lamps — 

Siemens  and  Alteneck  .. 

3,134 

1878 

Rotating — 

Jameson 

1,670 

1882 

De  Meritens 

3,658 

1878 

Varley  

5,667 

1881 

Cruto 

1,895 

1882 

Ward 

3,976 

1878 

Thomson 

5,668 

1881 

Increasing  conductivity  of. 

Heinrichs 

4,595 

1878 

Subsidiary,  Joel 

4,607 

1881 

Ki?ig 

1,822 

1882 

Melhado 

4,699 

1878 

Two  for  each  polar  field. 

Insulated  on  three  sides, 

Sprague 

4,762 

1878 

Andrews  . . 

540 

1882 

Gibbs  

4,.533 

1881 

West  071  Co, 

4,960 

1878 

Electric  hair,  Ashworth 

454 

1882 

Joining,  Siemens  . . 

3,315 

1878 

Rapieff 

211 

1879 

,,  to  form  con- 

Formbj* 

565 

1879 

ABLEs,  Electric  (See  also  “ Co?i- 

tinuous,  Siemens . . 

4,614 

1880 

Keith 

1,387 

1879 

ductorSy  Compound.") 

Manufacturing — 

Edison 

2,402 

1879 

Delany  

333 

1882 

Stuarj-Wortley  .. 

3,6.56 

1878 

Uouston  and  Tho77Uon  . . 

4,400 

1879 
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Year 

1879 

1879 

1880 
1880 
1880 
1880 
1880 
1880 
1880 
1880 
1880 
1880 
1880 
1880 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1881 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 


Commutators — No. 

Lamar  ..  ..  ..  4,696 

llari/in  ..  ..  ..  5,08.5 

Iloxiston  and  Thomson  . . 315 

Glonchoff 478 

De  Meritens  ..  ..  1,136 

Perry  ..  1,178 

Elphinstone  and  Vincent  2,893 

Guinpel  . . . . . . 3,041 

Elmore  . . . . . . 3,832 

Thompson 3,928 

Niaudet  and  liexjnier  . . 3,971 

Cance  4,005 

Johmon  and  Edison  . . 4,621 

Henley  5,137 

Cabanellas 200 

Gumpel  . . . . . . 253 

Siemens  and  II alske  ..  1,447 

Midler  and  Leoctt  ..  1,787 

HigfTS  1,961 

De  Meritens  . . . . 2,212 

Hussey  and  Dodd  . . 2,375 

Edison  2,954 

Lane-Fox 3,394 

Berthoud,  Borel,  and  Co.  4,026 

Fahrifj  4,107 

De  Meritens  . . . . 4,207 

Newton  ..  ..  ..  4,559 

Joel 4,607 

Biirgin  . . . . . . 4,819 

Piot 4,851 

Dlalce  . . . . . . 5,096 

Varley  5,667 

Thomson 5,668 

Hussey  and  Dodd  . . 234 

Siemens  . . . . . . 760 

Matthews 1,201 

Kennedy 1,640 

Chertemps  and  Dandeu. . 1,747 

Gerard-Lescuycr  . . . . 1,878 

Floyd  and  Kirkland  . . 2,225 

Chameroy  . . . . . . 2,295 

Vincent  and  Elphinstone  2,340 

Sperry  3,025 

Adjustable,  Ayrton  and  Perry  2,830 

Brushes  {See  also  "Brushes, 
Commutator.") 

Brushes,  adjustable,  An- 
drews . . . . . . 540 

Brushes,  double,  Schuyler 
and  H aterhouse  . . . . 3,002 

Brushes  embrace  nearly  the 
whole  of  the,  Faison  . . 169 

Brushes,  inclined,  Edison..  1,385 
,,  isolated,  breaking 
contact,  Edison  . . 

Brushes,  overlapping  two 

plates,  Weston  ..  . . *4,903 

Brushes,  subsidiary,  Joel  ..  4,607 
,,  two  for  each  polar 
field,  Andrews 
Cleaning — 

Monckton 265 

Raworth  . . . . . . 27 

Connecting  to  armature 

coils.  Wood  . . . . 2,623  1882 

Continuous  or  alternating 
current,  Johmon  and 

Edison  4621  1880 

Disc  form  of — 

VVerdermann  . . . . 2,364 

Hallett  2,573 

Fyfe  and  Main  . . . . 2,636 

McTighe  ..  ..  ..  2,744 

Ayrton  and  Perry  . . 2,830 

Gordon  2,871 

Schuyler  and  Waterhouse  3,002 

Elastic,  Siemens  and  Alte- 

neck  . . . . . . . . 2,000  1873 

Exciting  alternate  current 
generator,  Meritens  . . 1,130  1880 

Heating,  preventing  in, 

Laing  ..  ..  ..  3,109 

Lubricating,  Zipernowsky  1,580 

Mounting,  Joel  ..  ..  5,157 

Reducing  resistance  at, 

Edison  

Rotating  collectors  for — 

Varley 
Thomson  . . 

Segments  in  two  parts,  con- 
ne<aed  by  a resistance, 

Heinrichs 4,608  1880 


1882 

1882 


1882 

1880 


3,231  1881 


1877 

1881 


540  1882 


1874 

1879 


1882 

1882 

1882 

1882 

1882 

1882 

1882 


1881 

1880 

1879 


3,804  1881 


5,567 

6,668 


1881 

1881 


Commutators — No.  Year 

Segments,  oblique,  Heinrichs  4,608  1880 
„ spiral — 

Weston  Co 4,900  1878 

Houston  and  Thomson  . . 315  1880 

Segments  separated  by  ob- 
lique gaps,  Thompson  . . 3,928  1880 

Segments,  V shaped,  Willard  2,803  1882 

Sparking,  preventing  at— 

Sprague 4,762  1878 

Edison  1,385  1880 

Maxim  1,392  1880 

Hopkinson  and  Muirhead  4,886  1880 

Wilde  497  1881 

Edison  3,231  1881 

„ 3,804  1881 

Williams 1,174  1882 

Edison  1,496  1882 

Munro  1,626  1882 

Chertemps  and  Dandeu  1,747  1882 

Gordon  2,871  1882 

Ventilating,  Houston  and 

Thomson 315  1880 

Wear  of.  Insuring  even, 

Edison  1,385  1880 

Compensator,  Pulvermacher  1,587  1878 

Condensers — 

Stearns  2,870  1873 

Monckton 4,597  1876 

Jablochkoff  ..  ,.  3,839  1877 

„ ....  1,996  1877 

Cadett  4,316  1878 

Scott  4,671  1878 

Parod  4,686  1878 

Williams 2,558  1882 

Applied  to  electric  lighting. 

Sawyer  and  Man  ..  4,705  1878 

Used  with  secondary  bat- 
teries, Scott  . . . . 4,671  1878 

Conductors— 

Edison  5,306  1878 

Parod  4,686  1878 

Gamier 4,952  1880 

Perry  and  Ayrton  ..  785  1881 

Edison  3,483  1881 

Crompton 5,080  1881 

Delany  333  1882 

Clark  361  1882 

Arrangement  of,  for  mine 
signalling,  Cummings  . . 2,888  1880 

Arrangement  of,  for  signal- 
ling on  trains,  Minchin 
and  Despeissis 
Arrangement  of,  for  signal- 
ling on  railways,  D’Auriac 
Attaching  to  insulators, 

Edwards 
Braiding,  James 

,,  Ewen  and  James 
Chandelier  arrangement. 

Common  and  Joel 
Coiling,  Clarke  and  Leigh. . 

,,  for  induction  appa- 
ratus, Clarke  and  Leigh . . 

Collecting  currents  from, 
for  railways,  Putman  . . 

Collecting  currents  from, 
for  railways,  Siemens  . . 

Combined  with  secondary 
conductor.  Perry  and 

Ayrton  

Composition  of — 

Higgs 
Weiller 

Composite,  Zanni 
Compound — 

Lackersteen 
Ruhery 
Rapieff 
Varley 

Berthoud  and  Borel 
Alberyer  and  Pettit 
Linford 

Manly  and  Philips 
Andri 
Delany 


Henley 

Lugo 

Delany 

M owbray 

Clark 

Brooks 

Stearns 


1,010  1882 

1,683  1881 

1,720  1880 
4,261  1874 
1,719  1875 

1,040  1881 
1,483  1882 

3,652  1881 

1,125  1880 

583  1880 

783  1881 

1,961  1881 

1,821  1882 
1,855  1874 

3.600  1875 
2,759  1876 
4,432  1877 
4,435  1877 
4,346  1878 

4.601  1878 
1,184  1880 
1,475  1880 
5,268  1880 
1,809  1881 
1,873  1881 
1,()96  1881 
2,217  1881 

1881 
1881 
1881 


2,437 
2,592 
3,2.54 
6,468  1881 


Conductors—  No. 

Concentric,  Van  Rysselberge  2,804 
Conduits  ior{See  also  " Conductors, 
Laying  Underground.  ) 
Hermann  .. 

Prall  and  Obrick 
Linford 
Linford 


Watson 
Lamb 
Strohm 
Gore 

Connected  to  condensers, 
Edison 

Cooling,  Higgs 
Coupling — 

Owen 

Badde  

Mackie 

Eustace 

Goldstone,  Radcliffe,  and 

Gray  

Preece,  Goldstone,  Rad- 
cliffe, and  Gray 

Masin  

Richardson  and  Moffatt 

Tyer  

Picketsgill 

Dibbin  

Nettlefold 

Winter 

Spagnoletti 

Coupling  for  automatic, 
Allen 

Coupling  for,  safety,  Brewt- 

nall 

Covering — 

Smith 

Glover  and  James 
Covering  machine  for,  Tru- 
man   

Discharging  surplus  elec- 
tricity from,  Richardson 
Draw  vices  for  erecting 
overhead,  Fletcher 
Earth,  Lane-Fo.x 
Electrolier's,  Brewtnall 
Electroplating,  Rubery 
F’luid — 

Spalding  . . 

Anderson  . . 

For  electric  railways — 
Moncktorr  . . 

Edison 

Perry  atrd  Ayrtorr 
Binko 

For  railway  signal  and 
points,  Denne 
Grapnels  for  submarine, 
(Ssc  , Anderson  arrd  John- 
son   

Grooved,  Sirickler  .. 
Hollow,  for  convcyiitg  gas, 

Wilkittson 

Hollow,  forrrring  also  a pipe, 

Wilkinsott 

Hollow,  formirtg,  out  of 
wire,  Wilkitrsotr  . . 
Induction  itt,  preverrtirtg— 

Bell 

Chinnock  and  Harrison 

Gower 
Heaviside  . 

Lugo 
Barttey 
Lugo 

Rysselberge 
Delany  and  Johnson 
Brooks 
Henck 
Stearns 
Delany 
Clark 
Sntillie 

Briggs  atrd  Kinsrrtatr 
Smillio 

Iiroxidisable,  Brownell 
Insulating  material  fed  to 
Gray 

Insirlatirrg — 

Moseley 


2,962 

3,831 

4,456 

1,184 

2,271 

2,665 

3,790 

4,797 

2,482 

1,961 

534 

2,091 

440 

1,766 


Year 

1882 


1879 

1879 

1879 

1880 
1880 
1880 
1881 
1881 

1881 

1881 

1873 

1873 

1874 
1874 


3,381  1874 


3,521 

792 

3,085 

557 

1,693 

3,854 

4,036 

2,962 

3,146 

869 


1874 

1875 

1875 

1876 

1877 
1877 

1877 

1878 
1881 
1882 


2,215  1881 
5,226  1881 


3,6'22 

5,237 

94 

2,644 

859 

3,988 

2,934 

4,193 

1,195 

1,824 

265 

3,894 

783 

3,073 


1878 

1880 

1874 

1882 

1881 

1878 

1882 

1873 

1878 

1880 

1874 
1880 
1881 
1882 


5,404  1880 


•2,311 

3,099 


1882 

1876 


3,472  1879 
3,003  1882 
3,003  1882 


4,341 

995 

699 

814 

1,407 

1,119 

2,264 

2,394 

2,484 

2,532 

3,2.54 

4,058 

5,468 

333 

361 

1.8.50 
1,774 
1,850 
2,302 

5.050 
2,969 


1877 

1880 

1880 

1880 

1880 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1882 

1882 

1882 

1882 

1882 

1873 

1879 

1873 


Index. 
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Conductors— 

No. 

Year 

Conductors— 

No. 

Year 

Conductors— 

No. 

Year 

Insulating, 

Jointing, 

Protective  composition  for, 

Wilkinson  . . 

3,083 

1873 

Truman 

94 

1874 

Watson 

390 

1879 

Hooper 

3,780 

1873 

Eustace  

3,172 

1874 

Restoring  insulating  ma- 

Hooper and  Dunlop 

3,997 

1873 

Timmins 

3,800 

1874 

terial  for,  Clark  . . 

229 

1881 

Madsen 

4,167 

1873 

Smith 

4,311 

1875 

Rails  as— 

Rubery  

4,193 

1873 

Hiboll  

4,159 

1876 

D’ Arras 

1,000 

1873 

Truman 

94 

1874 

Phillips 

3,603 

1878 

Siemens 

bH3 

1880 

Monckton  . . 

265 

1874 

Woods 

3,971 

1878 

Gassett  and  Fisher 

3,768 

1881 

Walker  

293 

1874 

Albenjer  and  Pettit 

4,601 

1878 

Rail  for  receivingcomposite, 

Macintosh 

447 

1874 

Sheldon 

2,397 

1879 

llumebelle . . 

1,856 

1881 

Zanni  

1,855 

1874 

Rlondot  and  Bourdin  . . 

2,629 

1879 

Sheathing — 

Conybeare  and  Naphegryi 

2,106 

1874 

Younpr 

3,368 

1879 

Rowett 

2,077 

1873 

Ewen  and  James  . . 

1,719 

1875 

Arboi/ast  and  ilcThjhe  . . 

3,778 

1879 

Moseley 

2,969 

1873 

Field  and  Tailing- 

1,938 

1875 

Crichton 

4,189 

1879 

Wilkinson  . . 

3,083 

1873 

Greening:  • . 

2,059 

1875 

Allen 

2,215 

1881 

Rowett  

4,079 

1873 

Lackersteen 

3,666 

1875 

Crompton  . . 

5,080 

1881 

Madsen 

4,167 

1873 

DancJcwerth 

1,704 

1876 

Brewtnall 

5,226 

1881 

Monckton 

265 

1874 

Henley 

1,944 

1876 

Culbertson  and  Brown  , . 

5,615 

1881 

Biillivant  . . 

1,1.59 

1874 

Deiss  and  Scaife  . . 

2,866 

1876 

Bremner  . . 

1,345 

1882 

Highton 

3,006 

1874 

Strickler 

3,099 

1876 

Laminated,  Spalding 

1,196 

1878 

Lucas 

2,564 

1875 

Menicr 

4,705 

1876 

Laying  underground  {See  “ 

Con- 

Lackersteen 

3,666 

1875 

Beckingsale 

555 

1877 

d actors,  Conduits  for.’’] 

Henley 

4,115 

1875 

Henley 

833 

1877 

Radde  

2,091 

1873 

Johnson  and  Phillips 

1,944 

1876 

Brooks  

4,824 

1877 

Cray 

3,862 

1873 

3,,533 

1876 

Truman 

375 

1878 

Waters  

862 

1874 

Gollner  

131 

1878 

Wiebe  

767 

1878 

Prall 

979 

1874 

Siemens 

251 

1878 

Abbott 

1,937 

1878 

Newton 

1,569 

1876 

Clifford  

312 

1878 

Berthoud  and  Borel 

4,346 

1878 

Henley 

1,944 

1876 

Truman 

375 

1878 

Truman 

4,438 

1878 

O'Neill  

4,380 

1876 

Berthoud  and  Borel 

4,346 

1878 

Moseley 

307 

1879 

Baggeley  . . 

166 

1877 

Albcrger  and  Pettit 

4,601 

1878 

Jack  and  Greening 

718 

1879 

Russell  and  Wilson 

687 

1877 

Moseley 

307 

1879 

Haymen 

959 

1879 

Brooks 

4,824 

1877 

Blondot  and  Bourdin 

2,629 

1879 

Blondot  and  Bourdin 

2,629 

1879 

Lane-Fox  . . 

3,988 

1878 

Wilkinson 

3,472 

1879 

Spence  

2,706 

1879 

Lucas 

5,270 

1878 

Eaton  

751 

1880 

Moseley 

3,001 

1879 

Pierson 

5,321 

1878 

Delany  and  Johnson  . . 

2,532 

1881 

Wilkinson  . . 

3,472 

1879 

Edison  

2,402 

1879 

Hooper 

2,944 

1881 

Arbojast  and  McTinhe  . . 

3,778 

1879 

Espeut 

602 

1880 

Delany  and  Johnson 

4,093 

1881 

Bell 

4,549 

1879 

1,257 

1881 

Maxim  

5,367 

1881 

Heins 

4,916 

1879 

Bourdin  and  Maltzoff  . . 

1,474 

1881 

Delany 

333 

1882 

Eaton  

751 

1880 

Delanij  

1,809 

1881 

Henley 

386 

1882 

Loeffler 

905 

1880 

Mackie 

2,542 

1881 

Jeune  

774 

1882 

Quin  

1,239 

1880 

II usse;/  and  Dodd 

2,573 

1881 

Mewburn  . . 

866 

1882 

Knudson  and  Kane 

1,295 

1880 

Hetrick 

3,388 

1881 

Sheathing,  machinery  for, 

Manly  and  Philips 

1,475 

1880 

Edison  

3,483 

1881 

Glover  and  James 

913 

1881 

Truman 

3.310 

1880 

Woodward  . . 

4,780 

1881 

Sheathing  with  lead,  Har- 

Jacqxics 

3,421 

1880 

Gore 

4,797 

1881 

rop 

485 

1874 

Clark  

229 

1881 

Johnson  and  Phillips 

4,885 

1881 

Ships’  logs,  Massey  . . 

3,412 

1876 

SpUtdorf 

^1,272 

1881 

Crompton 

5,080 

1881 

Spiral,  Chutaux 

4,454 

1874 

Delany  

1,809 

1881 

Culbertson  and  Brown  . . 

5,615 

1881 

Steel,  Harvey 

369 

1877 

Sparling 

''2,414 

1881 

Labye  and  Locht-Labye 

5,661 

1881 

Steel  core  and  iron  cover- 

Mackie 

2,542 

1881 

Laying  and  insulating  in 

ing,  Wheeler 

3,023 

1879 

Rinyard  and  Fleming  . . 

2,807 

1881 

earthenware  blocks,  Meyer  232 

1882 

Strained,  for  suspending 

Henak  

4,058 

1881 

Laying  and  insulating  for 

load,  Jenkin 

1,830 

1882 

Millar 

4,592 

1881 

railways,  Varley  and  Judd 

441 

1882 

Stretching,  during  laying. 

Gore.. 

4,797 

1881 

Laying  bare,  Richardson  . . 

2,644 

1882 

Richardson 

2,644 

1882 

Johnson  and  Phillips 

4,885 

1881 

,,  in  conduits, 

1,649 

1882 

Submarine,  protecting,  Ken- 

Abbott and  Field . . 

5,407 

1881 

, , in  earthenware  blocks, 

dal  

4,674 

1880 

Smith 

5,599 

1881 

Smith  

1,132 

1882 

Supports  for,  Richard 

2,760 

1882 

Culbertson  and  Brown  .. 

5,615 

1881 

Laying  in  kerbways — 

Supporting  aerial,  Allison 

2,256 

1881 

Labye  and  Locht-Labye 

5,661 

1881 

White  and  Sears  . . 

347 

1880 

,,  centrally  in  in- 

Thomas and  Requa 

1,336 

1882 

Townsend 

39 

1881 

sulating  pipes,  Dolbear  . . 

1,368 

1882 

Shippey  and  Punshon  . . 

2,293 

1882 

Smith  . . . . , . . 

3,975 

1881 

Switch  for  connecting, 

Wilkinson  . . 

3,003 

1882 

Wheeler 

’*1,652 

1882 

Blake 

5,096 

1881 

Insulating,  of  armature, 

Kincaid 

2,911 

1882 

Swivel  for,  Bedwell. . 

367 

1876 

Edison 

3,932 

1881 

Banta  

3,048 

1882 

Swivelling,  Protheroe 

2,725 

1876 

Insulating,  of  electric  rail- 

Laying in  troughs.  Bras- 

Tightening,  Eustace 

1,766 

1874 

ways,  Edison 

1,862 

1882 

seur  and  Dejaer  .. 

4,296 

1881 

Variable  section,  Edison  . . 

3,880 

1880 

Insulating  joints  of,  Knud^ 

Laying  in  pipes,  Richardson 

2,644 

1882 

Vulcanising,  Clark  . . 

361 

1882 

son  and  Kane 

1,295 

1880 

Multiple,  Henley 

386 

1882 

Water  emplo3'ed  as,  Parod 

4,686 

1878 

Insulating  and  laying  in 

Ornamenting,  Bossomaier 

Winding  or  coiling,  Haase 

earthenware  blocks, 

and  Schwegler 

2,82  i 

1879 

and  Recker 

3,832 

1881 

Me^  er 

232 

1882 

Preserving,  Saunders  and 

Wound  in  helical  coils, 

Insulating  and  laying  for 

Jamieson  .. 

1,416 

1877 

Gower  

814 

1880 

railways,  Varley  and  Judd 

441 

1882 

Preventing  decomposition 

Contact  Breaker  {See  “ Com- 

Insulating machine  for  {See 

also 

of  caoutchouc,  &c.,  Mow- 

mutator.”) 

“ Insulating  Materials. 

’) 

bray  

"190 

1881 

Automatic,  Wilkins 

4,306 

1879 

James 

624 

1880 

Preventing  excess  of  cur- 

Contact maker  for  transform- 

1,333 

1880 

rent  in,  Edison  . . 

5,306 

1878 

ing  continuous  into  alter- 

Clark 

2,592 

1888 

Preventing  leakage  from,  of 

nating  currents,  Williams 

700 

1882 

Insulating  material  for — 

electric  railways,  EdUon 

1,862 

1882 

Contact,  securing,  in  electric 

Mourlot 

2,121 

1880 

Preventing  overcharging 

railways,  Edison 

1,862 

1882 

Heyer 

3,885 

1879 

in,  Williams 

1,174 

1882 

Contact  surfaces,  lubricating. 

Insulating  and  protecting 

Protecting — 

Williams 

856 

1882 

for  railways,  Binko 

3,073 

1882 

Zanni 

1,855 

1874 

Current  wheel, 

2,015 

1873 

Insulating  underground, 

Phillips  and  Johnson 

3 798 

1875 

Currents— 

Gray 

3,863 

1873 

Harrison  . . 

3,623 

1876 

Alternating,  Siemens 

3,315 

1878 

Insulating  with  glass, 

Glover  

855 

1877 

Collected  in  mercury,  Cour- 

Albcrger  and  Pettit 

4,601 

1878 

Lambert 

7.59 

1878 

tena}’^ 

1,450 

1873 

Insulated  metallic  coated. 

Lucas 

3,464 

1881 

Directing,  Stern  and  Byl- 

Menier 

753 

1880 

Uenek  

4,058 

1881 

lesby 

2,336 

1882 

Insulation  for  non-inflam- 

Protecting, for  railways. 

Distributing  {See  “ Distribut 

mable,  Phillips  . . 

2,571 

1882 

Binko 

3,073 

1882 

ing  Currents.”) 

d dd 
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Currents- 

No. 

Year 

Distributing  Currents— 

No. 

Year 

Electric  Light— 

No. 

Year 

Dividing, 

For  electric  railways,  Edison 

3,894 

1880 

Dispersing, 

Sociiiti!  V Alliance .. 

3,743 

1877 

For  telpherag^e  system, 

Harrison 

3,875 

1879 

Welch  

4,114 

1878 

Jenkin 

1,830 

1882 

Distributing  through  rail- 

Shea 

4,278 

1878 

In  railway  trains.  Stern  and 

way  trains,  Wier  . . 

2,557 

1882 

4,304 

1878 

Byllesby 

2,336 

1882 

Dividing  — 

Bell  

4,403 

1878 

Maintaining  potential  con- 

Munro 

4,006 

1878 

Thomson 

4,462 

1878 

stant, 

1,162 

1882 

Clark 

3,991 

1878 

Stewart  

4,466 

1878 

Regulating  energy  of  cur- 

Ilarrop   

3,793 

1879 

Bodmer 

4,470 

1878 

rent,  Levy . , 

542 

1882 

Electrolier  for,  IBerly  & Hulett 

4,755 

1880 

Welch  

4,635 

1878 

To  sidings  and  turntables  of 

From  Geissler  tube,  F’acio  . 

3,462 

1876 

Saioyer  and  Man. . 

4,705 

1878 

electrical  railways,  Ediaon 

1,862 

1882 

,,  sparks,  De  Mersanne 

1,446 

1874 

Coke  

1,012 

1879 

Draw  vices  for  erecting  over- 

Globes for — 

Cook  

2,769 

1879 

head  conductors,  Fletcher 

859 

1881 

Monckton 

265 

1874 

Rogers 

3,809 

1880 

Dynamometer,  Electric, 

!:ahato\t  

469 

1880 

Dunstan  and  Pfankuche 

3,655 

1881 

Varley  

4,905 

1876 

Globes  for,  double,  Cadett. . 

4,022 

1878 

Dividing  by  mercurial  re- 

Dynamometer for  indicating 

Motive  power  for — 

sistances,  Haworth 

27 

1879 

E.M.F.  in  circuit,  Edison 

33 

1880 

Birkhead  . . 

988 

1879 

Dynamo-electric,  Spalding 

1,467 

1878 

Dillon  

1,207 

1879 

Induced,  preventing  (See  also 

Electricity,  Collecting, 

Lambert  and  Iverneau  . . 

141 

1880 

“ Conductors,  Induction 

Cochrane 

4,313 

1878 

Corbett  and  Lockhead 

219 

1880 

Preventing.’’) 

Electric  La.mp— 

Liardet  and  Donnithorne 

5,216 

1881 

Hussey 

2,043 

1875 

Clark  

3,991 

1878 

Preece  and  James 

129 

1882 

Rapieff  

4,432 

1877 

Kennedy  . . 

2,629 

1882 

Mines,  De  Caatro 

2,943 

1878 

Intensifying,  Rogers 

3,809 

18S0 

Circuit  to  suspended,  Rogers 

4,855 

1881 

Optical  apparatus  for, 

Leakage  from,  detecting. 

Lighting,  Graham  . . 

3,274 

1881 

Monckton  . . 

3509 

1874 

Raw’orth 

27 

1879 

Mining,  Graham 

3,274 

1881 

Production  of,  Tambourin 

1,235 

1881 

Measuring  (See  “ Meters") 
Regulating  (See  “ Regulators") 
Reversing,  Varlej'  . . , . 4,435 

Cut-Outs  (See  also  " Suiitches") 


1877 


Reimenschneider  and 

Christensen  . . . . 4,693  1878 

Automatic — 

Varley  

Edison 

Andrd  and  Easton 
Gerard-Lescuyer . . 

Munro  

Williams  . . 

Automatic,  for  incandescent 
lamps,  Stokes  . . 4,283  1878 

Deviator,  Varley  . . 4,435  1877 

Distributing  apparatus,  De 

Mersanne  1,446  1874 


4,435 

4,226 

5,306 

2,236 

4,792 

1,626 

2,558 


1877 

1878 
1878 
1880 
1881 
1882 
1882 


By  current  breakers  and  con 
(ienaers.  Sawyer  and  Man  4,705  1878 
By  combined  electro-motor 
and  generator,  CaiiancMus  200  1881 
By  feeding  circuits,  A’dison  3,880  1880 
Controlling  by  arrangement 
of  generators.  Perry  , . 65  1882 

Crossing  mains  connected, 

Jidison  3,483  It  81 

Detecting  leakage,  A’dw'On. . 4,571  1881 
Earth  return,  1 vie  . . 5,002  1881 


Electric  Light  (See  also  “Arc 
and  Incandescence  Lamps ;" 

“Light,  Disusing;"  “Re- 
flectors “ Lanterns 
“ Oi>tical  Apparatus") 

Tvler  3,985  1878 

Forbes  4,116  1878 

Harrison 4,338  1878 

Mackenzie  . . . . 4,568  1878 

Edwards  and  Normandy  4,611  1878 

De  Sussex  , . . . . . 465  1879 

Edison  33  1880 

Werdermann  . . 79  1880 

Edison  602  1880 

Gordon  1,826  1880 

Ward  2,538  1881 

Johnson  and  Phillips  . . 2,635  1881 

Winter  3,146  1881 

De  Changy  . . . . 4,405  1881 

Williams  . . 560  1882 


Regulated  by  expansion  of 
metal,  Siemens  . . 

Regulating,  HopKinson 

System,  Sawyer  and  Man 
,,  Avenarius 

Supplying  definite  quantity 
of  air  to,  Andre  . . 

Switches  for,  automatic, 
Mackie 

Theatrical,  Fromeand  Gibbs 
Electric  Lighting— 

Jablochkoff 

By  incandescence  lamps, 

Edison  

Electric  Motors  (See  “ Motors") 
,,  Railway  (See  “ Rail- 
wail,  Electric.") 

Electrodes  (See  also  ‘ ‘ Carbons.") 


2,281 

3,362 

4,705 

3,025 


1878 

1881 

1878 

1880 


1,507  1880 


14 

3,416 

3,839 

1,943 


Rapieff 

Harrison 


TRiBUTiNG  Currents 

(See 

Pritchard 

2,974 

1882 

Stuart-Wortle^’ 

3,656 

1878 

also  “ Currents,  Dividing.*') 

Electric  Light  applied  to — 

Wilson 

3,912 

1878 

Jablochkoff 

2,839 

1877 

Advertisements,  Hickisson 

2,421 

1882 

Aronson  and  Farnie 

4,163 

1878 

Armand 

4,074 

1878 

Balloons,  Kiunear  . . 

4,684 

1881 

Siemens 

4,208 

1878 

Edison 

4,226 

1878 

Buoys — 

Sellon,  Ladd,  and  Ed- 

Blandy 

2,060 

1879 

Smith,  Spruill,  and  Wood 

4,312 

1876 

munds 

4,645 

1878 

Cook 

2,769 

1879 

Roth 

*2,658 

1881 

Cohne 

5,011, 

1878 

Edison 

33 

1880 

Cities,  Spalding 

3,637 

1880 

Thompson  and  Earl 

5,281 

1878 

,, 

602 

1880 

Fishing,  Allison  and  Hunter 

2,772 

1879 

McCarty  and  Selli^re  . . 

144 

1879 

Watson 

2,271 

1880 

Igniting  gas  lamps,  Bins- 

Harding 

783 

1879 

A venarius  . . 

3,025 

1880 

wanger 

2,390 

1882 

Spence 

876 

1879 

Edison 

3,880 

1880 

Locomotives — 

Thompson 

1,622 

1879 

,, 

3,964 

1880 

Harding 

4,192 

1880 

Desnos 

2,340 

1879 

Cabancllas  . . 

200 

1881 

De  Biisscher 

4,812 

1881 

Portier 

3,355 

1879 

Gidcher 

2,038 

1881 

Mariner’s  compasses.  Cook 

2,717 

1874 

Harrison 

3,875 

1879 

Edison 

2,482 

1881 

Microscopes,  Molera  and 

De  Ckanyy 

4,405 

1881 

Jl  ussey  and  Dodd 

2,573 

1881 

Celrian 

1,217 

1880 

Williams 

766 

1882 

Gravier 

2,739 

1881 

Mining,  Monckton  . . 

3,509 

1874 

Gaseous,  Wilson 

3,912 

1878 

Winter 

3,146 

1881 

Photography — 

Hollow,  Jablochkoff 

3,552 

1876 

Edison 

4,034 

1881 

Winter  

1,264 

1877 

,,  Grant  and  Sennett 

2,267 

1879 

Deprez  and  Carpentier  . . 

4,128 

1881 

Warlich 

2,068 

1880 

Inclined,  Siemens  and  AUg- 

Parod 

4,508 

1881 

Quarrying,  Werdermann  . . 

1,438 

1874 

neck  

3,134 

1878 

Edison 

4,571 

1881 

Railway  trains — 

Inclined  carbons,  Gerard- 

Varley 

5,667 

1881 

Tommasi 

4,057 

1881 

Lescuyer 

1,5.52 

1880 

Carus-Wilson 

5,687 

1881 

De  Changy . . 

4,582 

1881 

Metal  coated  with  carbon, 

Rogers 

621 

1882 

Layhourne  

5,316 

1881 

Zanni 

2,741 

1882 

Williams 

700 

1882 

Signalling — 

Plate,  Werdermann 

4,805 

1876 

,, 

766 

1882 

Starr 

819 

1882 

Powdered  carbon  in  tubes, 

,, 

856 

1882 

De  Mersanne 

2,787 

1875 

Thomson 

927 

1879 

Crossley,  Harrison, 

1,174 

1882 

Moritz 

4,636 

1876 

Protecting,  Werdermann . . 

4,805 

1876 

and 

Baskins 

3,016 

1878 

Refractory  material,  Sie- 

Ernmott . , 

1..327 

1882 

Shippey  

879 

1881 

mens  and  Altcneck 

3,134 

1878 

Williams 

1,5.56 

1882 

Jennings 

1,699 

1881 

Rotating — 

Munro 

1,626 

1882 

Tyer 

2,879 

1881 

De  Mersanne 

1,416 

1874 

Williams  . , 

2,558 

1882 

Roe  . . 

3,010 

1881 

Wlutehouso 

1,820 

1874 

Surgery,  Monckton  . , 
Electric' Light — 

Arranging,  Spalding 
Combined  with  gas — 
Somzie 
Courtenay  . . 

Discharge  between  balls. 
Merit  ens  .. 

Disjiersing — 

Mangin,  Lemonnier,  and 
Co 


265  1874 
05  1881 


1,852 

4,659 


1881 

1881 


5,033  1880 


3,425  1879 


Marcus 
Vibrating— 

Do  Jlersanne 
De  Mersanne 
Siemens  and  AUenecU 
Water  cased,  Siemens 
Electro-dynamometer,  Varle.v 
ELECTIIOLIEIiS  — 

Belly  and  Hulctt 
Brougham  . . 

Brewtnall 


4,432 


1882 

1880 


1877 

1881 


1877 

1878 


4,006  1878 


1,441) 

2,787 

3,134 

2,110 

4,905 

4,755 

1,302 

2,934 


1874 

1875 

1878 

1879 

1876 

1880 
1882 
1882 


Index. 
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No. 

Year 

Generators  applied  to— 

No. 

Year 

Generators,  Dynamo-elcctric 

- No. 

Year 

Kloctro-Mag-netsfSee  “ Majnets.'') 

Railway  signalling. 

Weston  

4,280 

1876 

Klectrometer,  Dewar 

2,886 

1870 

Zanni 

4,007 

1880 

Monckton 

4,597 

1876 

KliECTROMOTIVE  FORCE— 

Putnam  

2,711 

1881 

Varley 

4,905 

1876 

Keeping  constant,  Lane- 

Gary  

4,069 

1881 

1, 

270 

1877 

Fox  . . 

3,988 

1878 

•Johnson 

4,070 

1881 

Jablochkoff 

3,187 

1877 

Standards  of,  Dewar 

2,880 

1876 

4,960 

1881 

Rapieff  

4,432 

1877 

Engines,  Regulating  (See  also 

Brear  and  Hudson 

5,032 

1881 

V'arley 

4,435 

1877 

“ Regulators.") 

Regulating  motors.  Cook  . . 

1,109 

1880 

Schuckert  . . 

4,464 

1877 

Andrews  . . 

•2,321 

1879 

Securing  carriage  doors. 

Weston 

4,748 

1877 

Richardson 

288 

1881 

Meredith  . . 

4,707 

1878 

Lontin  and  Co.  . . 

4,893 

1877 

Levg  

542 

1882 

Signal  buoys,  Barr  . . 

455 

1881 

Weston 

*4,903 

1877 

Richardson 

941 

1882 

Signalling  - 

Brush  

2,003 

1878 

Balnkieioicz 

2,835 

1880 

Siemens  and  Alteneck  . . 

3,134 

1878 

Field  Magnets  (Sec  ^‘Magnets.’’) 

Reese  

51 

1879 

Siemens 

3,315 

1878 

Filaments  (See  also  “ Incandes- 

Speed indicators— 

De  Meritens 

3,658 

1878 

cence  Lamps.  Filaments 

Reynolds 

515 

1874 

Ward  

3,976 

1878 

.for"  and  “ Carbons.”) 

Cardew 

5,354 

1881 

Societi  d’Electricite 

4,066 

1878 

Compound,  for  incande- 

Stopping horses,  Faucher. . 

2,750 

1876 

Zanni 

4,573 

1878 

scence  lamps,  Allport  . . 

2,192 

1882 

Telegraphy — 

Heinrichs 

4,595 

1878 

Fiicusol,  Smith 

1,465 

1882 

Zanni 

2,266 

1873 

Sprague 

4,702 

1878 

Furfurol,  Smith 

1,405 

1882 

4,277 

1873 

Pulvermacher 

4,844 

1878 

Fuze  (See  “ Safety  Fuze.”) 

Henley 

3,762 

1875 

Weston  and  Co.  . . 

4,960 

1878 

833 

1877 

Bertin  and  de  Mersanne 

5,076 

1878 

Galvanometers— 

Lugo  

5,352 

1880 

Brain  

5,139 

1878 

Sprague 

1,558 

1873 

Hopkinson  and  Muirhead  *1,577 

1881 

Rapieif 

211 

1879 

Ridout  

3,003 

1876 

Telephonic  apparatus,  Ilerz 

93 

1881 

Boustield 

523 

1879 

Pulvermacher 

3,782 

1876 

Generators- 

Formby 

565 

1879 

Brasseur  and  De  Sussex. . 

308 

1878 

Connecting  terminals  of,  to 

Duhos 

749 

1879 

Pulvermacher 

1,587 

1878 

a condenser,  Weston 

•4,903 

1877 

Schuckert  . . 

960 

1879 

Obach  

3,317 

1878 

Controlling  circuit  from. 

Keith 

1,387 

1879 

Pulvermacher 

4,094 

1878 

Williams  . . 

85 

1882 

Andrews  . . 

2,321 

1879 

Scott 

4,140 

1878 

Cooling — 

Edison 

2,402 

1879 

Lane-Fox 

4,626 

1878 

Weston 

4,718 

1877 

Elmore 

3,565 

1879 

Sprague 

4,762 

1878 

Werdermann 

476 

1873 

Houston  and  Thomson  . . 

4,400 

1879 

Raworth 

27 

1879 

Cutting  out — 

Heinrichs  . . 

4,589 

1879 

Elmore  

3,565 

1879 

Weston  

*4,903 

1877 

Bilrgin  

5,085 

1879 

Glouchojf 

478 

1880 

Johnson  and  Edison 

4,621 

1880 

Joel 

5,157 

1879 

Sprague 

4,454 

1881 

Tomrnasi 

4,057 

1881 

Werdermann 

79 

1880 

Carpcntier . . 

4,664 

1881 

Driven  from  axles  of  railways— 

Houston  and  Thonison  . . 

315 

1880 

Andrd 

4,948 

1881 

Wiles 

65 

1873 

Fitzgerald 

872 

1880 

Thomson 

5,668 

1881 

Laycock 

478 

1875 

Perry 

1,178 

1880 

Faure 

730 

1882 

Davis  

4,559 

1878 

Griscoin 

1,259 

1880 

Tangent,  Sprague  . . 

1,558 

1873 

Harding 

4,192 

1880 

Edison 

1,385 

1880 

With  movable  coil,  Sprague 

1,558 

1873 

Liardet  and  Donnithorne 

5,418 

1881 

Maxhn 

1,392 

1880 

Geissler's  tube  applied  to 

Preece  and  James . . 

129 

1882 

Zipernowsky 

1,580 

1880 

electric  light,  De  Sussex  . . 

465 

1879 

Rogers  

1,390 

1882 

Slater 

2,272 

1880 

Generators  (See  also  “Motors,” 

Starr  

819 

1882 

Andrd  . . ' 

2,764 

1880 

“ Armatures  ” 

Driving — 

Gumpel 

3,041 

1880 



4,206 

1878 

Courtenay 

1,450 

1873 

wlilatt 

3,324 

1880 

Cochrane 

4,313 

1878 

Hedges  

3,369 

1881 

3,808 

1880 

Dessaigne  . . 

4,591 

1881 

Tambourin . . 

1,235 

1881 

Elmore 

3,832 

1880 

Munro 

1,626 

1882 

Driving  from  a water  motor, 

Thompson 

3,928 

1880 

Millar  

2,138 

1882 

Molera  and  Celrian 

299 

1879 

Edison 

3,964 

1880 

Varley  

2,148 

1882 

Driving  gear  for,  Swalwell 

2,456 

1882 

Niaudet  and  Reynier 

3,971 

1880 

Defty  

2,207 

1882 

Driving,  motive  power  for — 

Cance  ..  ' . . 

4,005 

1880 

2,628 

1882 

Dillon 

1,207 

1879 

Biloret  and  Mora 

4,049 

1880 

Generators  applied  to  — 

Dove  

1,158 

1879 

Hussey  and  Dodd 

4,265 

1880 

Air  compressing  machines, 

Driving  motors  actuated  by 

Heinrichs  . . 

4,008 

1880 

Maden 

1,412 

1876 

fall  of  sewage,  Birk- 

Hopkinson  and  Muirhead 

4,886 

1880 

Baths,  Barda 

1,107 

1881 

head 

988 

1879 

Wilde  

5,008 

1880 

Curative  purposes,  Zanni . , 

4,222 

1876 

Indicator,  cessation  of  cur- 

Henley 

5,137 

1880 

Decomposing  water,  Dering 

5,123 

1878 

rent  from,  Hedges 

3,369 

1881 

Gordon 

78 

1881 

Electrolytic  bath,  Marehese 

1,884 

1882 

Measuring  speed  of,  Thom- 

Gumpel   

253 

1881 

,,  decomposition, 

son  

5,668 

1881 

Wilde  

497 

1881 

Barlow 

•1,897 

1881 

Mounted  on  same  bedplate 

Waller  

803 

1881 

Electro-deposition  of  alu- 

as driving  engine,  Edison 

3,964 

1880 

Edison 

1,240 

1881 

minium  and  magnesium, 

Preventing  heated  bear- 

Siemens and  Halslce 

1,447 

1881 

Berthaut  .. 

4,087 

1879 

ings  in,  Williams  . . 

1,174 

1882 

Muller  and  Levett 

1,787 

1881 

Galvanising  iron,  Elmore  . . 

922 

1881 

Regulating  power  driving 

Gerard-Lesouyer  . . 

1,878 

1881 

Gas  engines — 

{See  also  '■'Engines.") 

Higgs 

1,961 

1881 

Otto . . 

1,770 

1878 

Westinghouse 

3,409 

1881 

Masson 

2,013 

1881 

Et^ve  and  Lallement 

*3,113 

1881 

Thomson  . . 

5,668 

1881 

De  Meritens 

2,212 

1881 

Fielding 

994 

1882 

Short-circuiting  at  variation 

Hussey  and  Dodd 

2,375 

1881 

Hair  brush,  Ashworth 

454 

1882 

in  speed,  Weston.. 

*4,903 

1877 

Lachaussce 

2,761 

1881 

Heating  metals,  Williams. . 

•5,742 

1881 

Supported  so  as  to  oscillate. 

Edison 

2,954 

1881 

Heating  wire,  Wier. . 

806 

1875 

La  Cie.  Electrique 

2,990 

1882 

Lane-Fox  . . 

3,394 

1881 

Indicating  presence  of  in- 

With endless  chain  passing 

Mignon  and  Rouart 

3,400 

1881 

flammable  gas,  Liveing . . 

4,833 

1880 

through  helices,  Harrison 

886 

1880 

Moffatt  and  Chichester  . . 

3,441 

1881 

Lighting  trains,  Starr 

5,600 

1881 

Generators,  Dynaino-electric- 

Arey 

3,456 

1881 

Precipitatingzinc,  L(5trange 

3,211 

1881 

Wilde  

618 

1873 

Harling  and  Hartmann . . 

3,472 

1881 

Protecting  ships  from  cor- 

Evans 

1,970 

1873 

Harborow  . . 

3,871 

1881 

rosion,  Lyte 

5,358 

1880 

Siemens  and  Alteneck  .. 

2,006 

1873 

Edison 

3,932 

1881 

Purifying  metals,  .. 

4,053 

lb77 

Werdermann 

3,156 

1874 

Fahrig  

4,107 

1881 

Railway  brakes — 

Lontin 

473 

1875 

De  Meritens 

4,207 

1881 

Dibbin 

4,036 

1877 

Burgin 

3,243 

1875 

Aylesbury  . . 

4,304 

1881 

Bulkeley 

4,464 

1878 

Fuller  and  Crandall 

3,364 

1875 

Kennedy  

4,541 

1881 

Stanford  and  MUiigan  . . 

1,563 

1880 

Berlin 

4,311 

1875 

Newton 

4,559 

1881 

Achard 

2,453 

1880 

Lontin 

386 

1876 

Joel  . . 

4,607 

1881 

Sawiczeski . . 

3,464 

1881 

Kilner 

802 

1876 

Gordon  

5,536 

1881 

DuiveliuSf  Goss,  Higgs, 

Fuller  and  Crandall 

1,557 

1876 

Griscoin 

5,551 

1881 

Merrell,  Peck,  and 

Zanni 

2,821 

1876 

Gerard- Lescuyer  . . 

5,593 

1881 

Walter 

5,751 

1881 

Lontin 

3,099 

1876 

Varley  

5,665 

1881 

ccclxxxviii 
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Arran<;eiiient  of,  Edison  . . 33  1880 

Avoiding  dead  points  of, 

Trou\:6  4,009  1880 

Combining  two  alternate 
current,  Deprcz  and  Car> 
pentier  . . . . . . 4128  1881 

Compound,  Akester  ..  5,525  1881 

Compound  multiple  circuit, 

Weston  Co.  . . . . 4,900  1878 

Connecting  armature  coils 
to  commutator,  Wood  . . 2,623  1882 
CoupIing*up,  Siemens  and 
Alteneck  ..  ..  3,134  1878 

Dead  points  of,  avoiding, 

Trouv6  4,009  1880 

Duplex  {See  aUo  Generator^ 

Dynamo  Electric,  Multi- 
plex.*') 

....  .... 

1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 

1882 
1882 
1882 


Heinrichs  .. 

. . 4,589 

Henley 

130 

Rrockie 

756 

Gravier 

943 

Akester  and  Rarnes 

980 

Williams  . . 

..  1,174 

M 

..  1,556 

Voice 

. . 1,794 

Jarman 

. . 2,565 

Hallet 

. . 2,673 

Mayuaire  . . 

. . 2,885 

uplex  unipolar — 
Jiall  . . 

84 

Willia'ms  . . 

85 

Williams 

700 

No. 

Year 

No. 

Year 

No. 

Year 

Generators,  Dynamo-eloctric- 

Generators,  Dynamo-electric- 

Generators,  D^mamo-electric 

with— 

Thomson  . . 

5,668 

1881 

Ex<‘iting  by  shunt  current 

Silver  wire  conductors, 

Richardson 

5,681 

1881 

when  starting.  Lever 

2,092 

1882 

Thompson  . . 

4,988 

1878 

Et^ve  

48 

1881 

Exciting  alternate  current. 

Stationary-  armature — 

Giilcker 

64 

1882 

Meritens 

1,136 

1880 

Weston 

*4,903 

1877 

Williams  . . 

85 

1882 

Indicating  reversal  of 

Chertemps  and  Dandeu . . 

1,747 

1882 

Raison 

169 

1882 

polarity,  Elmore 

3,565 

1879 

Rogers 

1,760 

1882 

Hussey  and  Dodd 

234 

1882 

In  series,  Spalding  . . 

1,407 

1881 

Unchangingpolarfield,  Voice  1,794 

1882 

Andrews  . . 

540 

1882 

Multiplex — 

Generators,  Dynamo-electric 

Chubb 

761 

1882 

Aylesbury 

4,304 

1881 

without  commutator — 

Lande  

838 

1882 

Akester 

5,525 

1881 

Courtenay 

1,450 

1873 

Spagnoletti 

869 

1882 

On  railway  axle,  Evans  . . 

1,970 

1873 

Lontin 

386 

1876 

Sheridan 

931 

1882 

Preventing  reversal  of — 

LontinandCo.  .. 

4,893 

1877 

Gravier 

943 

1882 

Edison 

2,402 

1879 

Generators,  Electro-magnetic — 

Edison 

1,139 

1882 

Zanni 

2,821 

1879 

Highton 

4,277 

1873 

Graaier 

1,211 

1882 

Muller  and  Levett 

1,787 

1881 

Wilde  

618 

1873 

Matthews  . . 

1,201 

1882 

Fisher 

1,727 

1882 

Monckton  . . 

265 

1874 

Levey  and  Lumley 

1,249 

1882 

Stern  and  Bylleshy 

2,336 

1882 

Gramme  and  d’lcernois 

953 

1878 

Phillips  and  Johnson 

1,347 

1882 

Regulating  current  from  {See 

Generators,  Magneto-electric- 

Williams  . . 

1,556 

1882 

also  ^'Regulators.'*) 

Wiles 

65 

1873 

Weston 

1,614 

1882 

Weston  

’4,903 

1877 

Courtenay 

1,450 

1873 

Kennedy 

1,640 

1882 

Brush 

849 

1880 

Tyer 

1,845 

1873 

Piot 

1,692 

1882 

Langley 

1,835 

1881 

Evans 

1,970 

1873 

Antill 

1,787 

1882 

4,168 

1881 

Rope 

2,656 

1873 

Voice 

1,794 

1882 

Edison 

4,552 

1881 

Darlow  and  Fairfax 

3,736 

1873 

Brougham  . . 

2,044 

1882 

,, 

1,496 

1882 

Kilner 

2,996 

1875 

Edison  

2,052 

1882 

,, 

2,052 

1882 

Bertin 

4,311 

1875 

Floyd  and  Kirkland 

2,225 

1882 

Jarman 

2,630 

1882 

Kilner 

802 

1876 

Chameroy  . . 

2,295 

1882 

Chameroy  . . 

2,295 

1882 

Zanni 

2,821 

1876 

Cumine  

2,318 

1882 

Securing  armature  to  hub 

Lontin  

3,264 

1876 

Emmens 

2,349 

1882 

and  armature  coils, 

Varley 

270 

1877 

Werdermann 

2,364 

1882 

\Vood 

2,531 

1882 

Werdermann 

1,829 

1877 

Williams 

2,558 

1882 

Short-circuiting  field  coils 

Hickley 

3,552 

1877 

Jarman 

2,565 

1882 

of  automatically,  Raworth 

27 

1879 

SociHe  1* Alliance . . 

3,743 

1877 

Hallet  

2,573 

1882 

Shunt  wound — 

Dibbin 

4,036 

1877 

Crompton  . . 

2,618 

1882 

Bertin 

4,311 

1875 

Zanni 

4,232 

1877 

Kennedy 

2,629 

1882 

Varley 

4,905 

1876 

McTiqhe 

162 

1878 

Fyfe  and  Main 

2,636 

1882 

Brush 

2,003 

1878 

Wilde  

1,228 

1878 

Blyth  and  Peebles 

2,661 

1882 

Siemens 

4,534 

1879 

Otro  . . 

1,770 

1878 

Weston  

2,694 

1882 

Unipolar,  Siemens  and  Alte- 

De Meritens 

3,6.58 

1878 

McThjhe  . . 

2,744 

1882 

neck  . . 

3,134 

1878 

Verrue 

4,287 

1878 

Chadburn  

2,755 

1882 

Unipolar,  duplex — 

Gary  

805 

1879 

Farquharson 

2,771 

1882 

Ball 

84 

1882 

Rosebrugb  , , 

1,476 

1879 

Gordon  

2,871 

1882 

Williams 

85 

1882 

Sellon  and  Edmunds 

1,949 

1879 

Maquaire  . . 

2,885 

1882 

Generators,  D>  namo-electric 

with— 

Joel 

5,1.57 

1879 

Parker  and  Elwell 

2,917 

1882 

Armature  rolling  in  field 

Gloucho  f . . 

478 

1880 

La  Cie.  Electrique 

^,990 

1882 

magnets,  Bear 

3,283 

1881 

A nders  and 

1,9.58 

1880 

Schuyler  and  Waterhouse 

3,002 

1882 

Duplicate  armatures  revolv- 

Seeley 

1,998 

1880 

Ayrton  and  Perry 

3,036 

1882 

ing  in  opposite  directions, 

Williams,  Harrington, 

Alloy  for  magnet  cores  of 

Stuart 

2,232 

1882 

and  Lane 

3,.539 

1881 

{See  also  “ Magnets, 

Field  magnets,  permanent 

Millar  

5,566 

1881 

Electro.’*) 

and  electro,  Hallet 

2,573 

1882 

Schuyler  and  Waterhotise 

3,002 

1882 

Elmore 

4,821 

1879 

Fixed  armature  and  field 

Alternating,  De  Meritens.. 

3,658 

1878 

Alternate  current— 

magnets,  Henley 

liO 

1882 

For  telegraphic  purposes, 

Siemens  and  Alteneck  .. 

8,134 

1878 

Internal  field — 

McTighe  .. 

162 

1878 

Ward 

3,976 

1878 

’4,903 

1877 

Regulating,  Kilner.. 

2,996 

1875 

Armature  coils,  serve  also 

Pulvermacher 

4,844 

1878 

Tuning  fork,  Edison 

4,226 

1878 

for  induction  of  mag- 

Thomson  

5,668 

1881 

Generator,  Magneto-electric, 

netism,  Siemens  .. 

760 

1882 

Blyth  and  Peebles 

2,661 

1882 

with — 

Willard 
Internal  and  external  field  — 
Elphinstone  and  Vincent 

Juryensen  and  Lorenz  . . 
Vincent  and  Elphinstone 
Sperry 

Obliquely  fixed  bobbins, 

J ablochkojlf' 

Oppositely  rotating  field 
atjd  armature,  Kelway  . . 
Revolving  field — 

Heinrichs  .. 

Munro 

Gordon 

Revolving  internal  field, 
SoUgnac 

Revolving  iron  ])ieces, 
Henley 

Revolving  iron  shell,  SiC' 
mens 

Rotating  armature  core — 
Drain 

Schuyler  and  Watcrlmxue 
Rotating  field  and  armature- 

ro//6'^ 

Wiles 

Sellon  and  Edmunds 
Raison 

Separate  exciter  on  same 
shaft,  Gordon 

Series  of  armature  rings, 
Willard 


2,803 

1882 

Endless  chain  passing 

through  solenoids,  Har- 

332 

1879 

rison 

3,496 

1880 

2,S!)3 

1880 

Movable  soft  iron  rollers, 

2,416 

1881 

Millar 

4,592 

1881 

2,340 

1882 

Revolving  permanent  mag- 

3,025 

1882 

nets,  Henlc^ 

5,137 

1880 

Generator,  Secondary  (See  also 

2,769 

1882 

“ Induction.") 
Rapieff 

4,432 

1877 

2,910 

1882 

Henley 

5,137 

1880 

Gravier 

1,211 

1882 

4,589 

1879 

Static, 

380 

1874 

1,626 

1882 

Static,  electro,  Varley 

270 

1877 

2,871 

1882 

Globes  {See  “ Electric  Light  ;’* 
^*Arc  Lamps;**  and 

740 

1882 

“ Incandescence  Lamps, 
Globes  for.*') 

5,137 

1880 

Of  malleable  glass,  Prosser 
Governors  {See  also  “ Regula- 

3,466 

1876 

760 

1882 

tors,**  tfcc.) 
Spalding 

1,197 

1878 

1,616 

1882 

Jameson 

2,618 

1881 

3,002 

1882 

For  electric  motors,  Jenkin 

1,830 

1882 

Wheel  for  electric  motors, 

4,812 

1878 

Lamar 

4,6i'0 

1879 

644 

1879 

Governing  speed  of  trains  on 

1,949 

1879 

electric  railways,  Edison  . . 
Gutta-percha  washing  ma- 

1,862 

1882 

169 

1882 

chine,  Truman 

91 

1874 

78 

1881 

IIKATISO  — 

2,803 

1882 

Lane- Fox 

4,013 

1878 

Index. 
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Heating— 

No. 

Year 

1 

No. 

Year 

No. 

Year 

Davis  

4,407 

1878 

Incandescence  Lamps 

(See 

INC.VNDESCENCE  LAMPS.  Filaments  of- 

Ilolophotea— 

also  “ Carbons” 

and 

Automatically  changing, 

Wilde  

618 

1873 

“ Electrodes”) 

Jameson 

4,439 

1881 

Mamin,  Lcmonnier,  ami 

Filaments  of — 

Coating  with  phosphorous. 

Co 

3,425 

1879 

Lodighin  . . 

91 

1873 

&c.,  Barrier  and  Lavernede  2.425 

1882 

Kosloff 

441 

1875 

Compound,  Gatehouse 

1,400 

1882 

Incandescence  Lames  (See  also 

Konn 

970 

1875 

Salomons  . . 

1,580 

1882 

"Incandescence  and 

Chauvin,  Goizet, 

and 

Allport  

2,192 

1882 

Electric  Lvjht and 

Aubrey  . . 

2,410 

1S75 

Duplicate — 

“ Semi  - Incandescence 

Lane-Fox  . . 

4,043 

1878 

Edison 

3,765 

1880 

Lamp.’’) 

Pulvermacher 

4,180 

1878 

Sellon  and  Edmunds 

1,791 

1879 

Lodiijhin  .. 

91 

1873 

Van  Choate 

4,388 

1878 

Harrison 

4,478 

1881 

Kosloff 

2,767 

1875 

Edison 

4,502 

1878 

Enclosed  in  refractox’y  cas- 

Lane-Fox  

3,988 

1878 

Sprague 

4,662 

1878 

ing,  Tyler 

4,575 

1878 

Marcus 

4,006 

1878 

Scott 

4,671 

1878 

Endless,  Graham  and  Smith 

1,392 

1882 

Edwards  and  Normandy 

4,611 

1878 

Pulvermacher 

4,774 

1878 

Gauging,  Evans 

1,225 

1882 

Scott 

4,671 

1878 

Edison 

5,306 

1878 

Graphite,  Konn 

970 

1875 

Werdermann 

79 

1880 

Lane-Fox  . . 

1,122 

1879 

Having  extended  surfaces— 

Apps  

264 

1881 

Edison 

4,576 

1879 

Williams 

2,558 

1882 

Edison  

792 

1881 

Clark 

5,127 

18(9 

Hollow,  Jameson  . . 

1,670 

1882 

Lane-Fox 

1,543 

1881 

203 

1880 

Iridium  — 

Hallet  

4,017 

1881 

Swan 

250 

1880 

Pfannkuche 

2,845 

1882 

Wrisfht  . . . 

4,778 

1881 

Edison 

578 

1880 

Gordon 

4,745 

1880 

Gaulard  and  Gibbs 

4,942 

1881 

Maxim 

1,649 

1880 

Liquid,  Williams  .. 

5,229 

1881 

Williams 

5,229 

1881 

Clinjman  . . 

1,840 

1880 

Mounting — 

5,233 

1881 

Lane-Fox  . . 

3,494 

1880 

Pulvermacher 

4,180 

1878 

Liveing  and  Boys 

69 

1882 

Edison 

3,765 

1880 

4,774 

1878 

Williams 

224 

1882 

Gordon 

4,745 

1880 

Lane-Fox 

1,122 

1879 

Aronson 

359 

1882 

Swan 

4,933 

1880 

Edison  

4,576 

1879 

Writfht  and  Mackie 

1,029 

1882 

Fitzgerald  . . 

6,014 

1880 

5,127 

1879 

Crookes  

1,079 

1882 

5,275 

1880 

Swan 

250 

1880 

Wauthier  . . 

1,172 

1882 

Muirhead  and  Hopkinson 

1.53 

1881 

Edison  

578 

1880 

Rogers  

1,288 

1882 

Gordon 

218 

1881 

Guest  

925 

1880 

Rapieff 

2,136 

1882 

Lane-Fox.. 

225 

1881 

Maxim 

1,649 

1880 

Stuart  

2,233 

1882 

Edison 

662 

1881 

Clingman  . 

1,840 

1880 

Williams 

2.558 

1882 

Maxim 

639 

1881 

Drew 

2,037 

1880 

Hallet 

2,560 

1882 

Scott  and  Akester 

1,122 

1881 

Lane- Fox  . . 

3,494 

1880 

Applied  under  water,  Chau* 

Crookes 

1,422 

1881 

Edison 

3,765 

1880 

vin,  Goizet,  and  Aubrey 

2,410 

1875 

SociHi  la  Force  et 

la 

Swan  

4,933 

1880 

Arranged  in  shunt  circuit 

Lumi^rey  d'c.  .. 

1,653 

1881 

Fitzgerald 

5,014 

1880 

of  arc  lamp,  Gatehouse 

Edison 

1,918 

1881 

5,275 

1880 

and  Kempe 

2,569 

1882 

Crookes 

2,492 

1881 

Muirhead  and  Hopkinson 

153 

1881 

Arranging  in  circuit,  Cook 

2,769 

1879 

2,612 

1881 

Lane-Fox  

225 

1881 

Arranging,  having  different 

Courtenay  . . 

2,770 

1881 

Edison  

539 

1881 

resistance  in  same  circuit, 

Andr^  and  Easton 

2,883 

1881 

562 

1881 

Edison  

3,765 

1880 

Lane-Fox  . . 

3,122 

1881 

Gimingham 

768 

1881 

Brackets  for,  Maxim 

3,189 

1881 

Gatehouse  . . 

3,240 

1881 

2,079 

1881 

Charged  with  gas,  Lodighin 

91 

1873 

Maxim 

3,189 

1881 

Crookes 

2,304 

1881 

Combined  with  gas  flame — 

Wright 

3,437 

1881 

Nichols 

3,487 

1881 

Watson 

2,271 

1880 

Pfannkuche 

3,655 

1881 

Wright 

3,435 

1881 

Courtenay 

4,659 

1881 

Crookes 

3,799 

1881 

Fitzgerald  . . 

3,890 

1881 

Crastin 

4,771 

1881 

Fitzgerald  . . 

3,890 

1881 

Hallet  

4,017 

1881 

Connecting  to  leads,  Adie 

5,211 

1880 

Hallet 

4,017 

1881 

Fox 

4,024 

1881 

,,  M Rogers 

1,618 

1882 

Swan 

4,202 

1881 

Edison 

4,174 

1881 

Cut-out  for  automatic  {See 

Faure 

4,311 

1881 

Gimingham 

4,193 

1881 

also  “ C\it-Outs  ” and 

Lane-Fox  . . 

4,383 

1881 

Swan 

4,202 

1881 

“ Switches”) 

Harrison  . . 

4,478 

1881 

Faure 

4,314 

1881 

Edison 

2,492 

1881 

Andre 

4,654 

1881 

Harrison  . . 

4,478 

1881 

Currents  discharged  be- 

Allport and  Punshon 

4,850 

1881 

Andrd 

4,654 

1881 

tween  balls,  De  Meriten'i 

5,033 

1880 

St.  George  . . 

4,939 

1881 

Sennett 

5,286 

1881 

Electrodes  fed  by  mercury 

Williams  .. 

5,229 

1881 

Kennedy  . . 

5,524 

1881 

float,  Scott 

4,671 

1878 

Sennett 

5,233 

1881 

Liveing  and  Boys. . 

69 

1882 

Exhaustin'^  (See  also  “ Vacuum 

5,286 

1881 

Wright  and  Mackie 

1,029 

1882 

Dumps”) 

Kennedy 

5,524 

1881 

Crookes 

1,079 

1882 

Edison  

2,402 

1879 

Williams  . . 

224 

1882 

Woodhouse  and  Lawson . . 

1,412 

1882 

Maxim  

1,649 

1880 

Leipmann  and  Looker 

1,036 

1882 

Akester  

1,642 

1882 

4,393 

1880 

Crookes 

1,079 

1882 

Lane- Fox*  .. 

1,647 

1882 

Henley 

5,137 

1880 

Wright  and  Mackie 

1,274 

1882 

Brougham  and  Ormiston 

1,697 

1882 

Edison 

562 

1881 

Gatehouse  . . 

1,400 

1882 

Leask 

1,803 

1882 

Crookes 

1,422 

1881 

Woodhouse  and  Rawson 

1,412 

1882 

Jousselin 

2,037 

1882 

Andr6 

4,654 

18S1 

Smith 

1,465 

1882 

Emmens 

2,348 

1882 

Schaeffer 

4,294 

1881 

Salomans  . . 

1,580 

1882 

Barrier  and  Lavernede  . . 

2,425 

1882 

Exhausting  during  passage  of 

Maxim 

1,619 

1882 

Nothomb  . . 

2,452 

1882 

current — 

Jameson  .. 

1,670 

1882 

Hallet  

2,560 

1882 

Edison 

2,402 

1879 

Cruto 

1,895 

1882 

Bernstein  . . 

2,604 

1882 

Swan 

18 

1880 

Jousselin  .. 

2,037 

1882 

Pfannkuche 

2,845 

1882 

Exhausting  residual  gas  from — 

Rapieff 

2,136 

1882 

Swan 

2,898 

1882 

Edison 

562 

1881 

Allport 

2,192 

1882 

Debenham 

3,010 

1882 

Fitzgerald 

3,890 

1881 

Floyd  and  Probert 

2,226 

1882 

Mounting  to  allow  for  ex- 

Incandescence Lamps,  Con- 

Stuart 

2,233 

1882 

pansion,  WilUrd  . . 

3,042 

1882 

ductors  of — 

Siemens 

2,348 

1882 

Multiple — 

Muller 

3,711 

1881 

Barrier  and  Lavernede  . . 

2,425 

1882 

Kosloff  

441 

1875 

Crookes  

3,799 

1881 

Andr6 

2,432 

1882 

Konn 

970 

1875 

Edison 

4,174 

1881 

Nothomb  . . 

2,4.52 

1882 

Sprague  

4,662 

187S 

Composition  for  glass  sur- 

Williams . . 

2,558 

1882 

Hussey  and  Dodd 

2,572 

1881 

rounding,  Nichols 

5,495 

1880 

Bernstein  . . 

2,604 

1882 

Maxim 

3,189 

1881 

Covered  with  glass,  Swan . . 

250 

1880 

Stanley 

2,660 

1882 

Hallet  

4,017 

1881 

Hollow,  Schaeffer  . . 

4,294 

1881 

Zanni 

2,741 

1882 

Jameson 

4,4.39 

1881 

,,  copper,  And  r(^ 

2,432 

1882 

Pfannkuche 

2,845 

1882 

W^illiams  . . 

5,233 

1881 

Iron,  Ward 

2,930 

1881 

Debenham.. 

3,010 

1882 

Aronson 

359 

1882 

Platinum,  Debenham 

3,010 

1882 

Willard 

3,042 

1882 

Andrews 

1,324 

1882 

Preparing  metallic,  Swan 

2,898 

1882 

Leask  and  Smith . . 

3,099 

1882 

Floyd  and  Probert 

2,226 

1882 

cccxc 
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Incandescence  Lamps,  Fila-  No.  Year 
inents  of — 

Multiple, 

Eiiimens 2,348  1882 

Harrier  and  Lavernede  ..  2,425  1882 

Nothomb  . . . . . . 2,452  1882 

Hus/iey  and  Dodd  . . 2,572  1881 

Phosphorescent,  Bernstein  2,G04  1882 

Platinised,  Muirhead  and 
Hopkinson..  153  1881 

Platinum  and  carbon.  Gate' 
house 

Reducinjj:  resistance  of,  Scott  4,671 
Iteifulating  resistance  of — 

Maxim 

Crookes 

Lane-Fo.x  . . 

Resulatin<f  resistance  of, 
automatically,  Welch  . . 4,689  1878 

Replaceable — 

Guest  025  1880 

Edison  3,765  1880 

Maxim  4,393  1880 

Faure  4,311  1881 

Liveing  and  Boys  . . 69  1882 

Lane  2,752  1882 

Straight,  Upton  . . . . 1,232  1881 

Thickening,  Lane-Fox  . . 225  1881 

Incandescence  Lamps— 

Fittings  for.  Brougham  . . 1,302  1882 

For  heating,  Lodighin  . . 91  1873 

Incandesce.nce  Lamps,  Globes  of  — 


Drew 
M axiin 
Nichols 
De Changy . . 
Aronson 

Wright  and  Mackie 
Salomons  . . 


3,240 


639 

2,612 

4,383 


1881 

1878 

1881 

1881 

1881 


Incandescence  Lamps,  Globes 
of — 

Sealing, 

Joussellin 

Incandescence  Lamps— 
Holders  for, 

Edison 
Edison 
Graham 
Swan 
Johnson 
Rogers 
Woodhouse  and  Rawson 
Rogers 
Lea  . . 

Hefries 
Emmens 
Andrd 
Ilallet 
Debenham  . 


No.  Year 


2,037  1882 


578 

1,802 

5.618 
5,702 
1,094 
1,288 
1,412 

1.618 
2,186 
2,335 
2,348 
2,432 
2,560 
3,018 


1880 

1881 

1881 

1881 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 


2,037 

4,393 

3,187 

4,405 

305 

1,274 

1,580 


1880 

1880 

1881 

1881 

1882 

1882 

1882 


Lanterns for(Sce  also  "Lanterns.’’) 

Graham 3,274  1881 

Lighting  by— 

Edison  3,894  1880 

„ 1,943  1881 

Manometer  for,  Fitzgerald  3,890  1881 

Manufacture  of— 

Edison  2,492  1881 

Crookes  3,799  1881 

Brougham  and  Ormiston  1,697  1882 

Leask  1,803  1882 

Swan  2,898  1882 

Medical,  Witze  ..  153  1879 

Mining,  Edison  . . . . 4,174  1881 

Mounting,  Hughes  . . . . 3,190  1881 

Portable — 

Van  Tenac  4,206  1875 

Adie 5,211  1880 


Akester 

1,642 

1882 

lators.’’) 

Stuart 

2,233 

1882 

Edison  

539 

1881 

Swan 

2,898 

1882 

Hussey  and  Dodd 

2,572 

1881 

Cleaning,  Jameson  . . 

4,439 

1881 

Gatehouse 

3,240 

1881 

Concentric,  Beckinsale 

2,512 

1882 

Revolving,  Werdermann 

79 

1880 

Containing  inert  vapour  or  gas — 

Safety  device  for — 

Koslotf 

441 

1875 

Fuller  

5,183 

1878 

Bright 

4,212 

1878 

Edison  

5,306 

1878 

Scott 

4,671 

1878 

Safety  fuze  for,  Edison 

1,802 

1881 

Clark 

203 

1880 

,,  with,  Andrb  . . 

2,432 

1882 

Fitzgerald  . . 

5,275 

1880 

Sealing  (See  "Incandescence 

Gordon 

218 

1881 

Lamp,  Globes  of.  Sealing.") 

Rapieff 

2,136 

1882 

Shunting  portion  of  current 

Exhausting  (See  “ Incandes- 

by, Sellon  and  Edmunds 

1,791 

1879 

cence  Lamp,  Exhausting.'') 

Switch  for  (See  also  Switches.") 

Glass  tor— 

Hughes  

3,190 

1881 

Sellon 

5,632 

1881 

Volk  

2,962 

1882 

Debenham  . . 

3,010 

1882 

Switch  for,  automatic— 

Neck  of— 

Sellon  and  Edmunds 

1,791 

1879 

Edison 

4,174 

1881 

Swan 

4,202 

1881 

Lea  . , 

2,186 

1882 

Switch  for  multiple  fila- 

Preventing blackening, 

ment,  Hussey  and  Dodd 

2,572 

1881 

Edison 

2,492 

1881 

Supplying  definite  quantity 

Preventing  heating  of, 

near 

of  air  to,  Andrd  . . 

1,507 

1880 

conductors,  Edison 

539 

1881 

Terminals  for,  Leask 

1,803 

1882 

Reflecting — 

Vacuum  pumps  for  (See 

Lorrain 

5,738 

1881 

“ Vaemun  Pumps.") 

Woodhouse  and  Rawson 

1,412 

1882 

Ventilating,  Andre  . . 

1,507 

1880 

Waters 

1,462 

1882 

INCANDESCENCB  LAMPS  with— 

Floyd  and  Probert 

2,226 

1882 

Adjustable  carbon  shunt, 

Sealing — 

Gatehouse 

3,240 

1881 

Kosloff 

441 

1875 

Automatically  fed  carbon 

Konn 

970 

1875 

rod.  Sawyer 

3,587 

1879 

Chauvin,  Goizet, 

and 

Enclosed  gas  rendered  lumi- 

Aubrey . . 

2,410 

1875 

nous,  Werdermann 

79 

1880 

Swan 

250 

1880 

Iridium  filament  and  cur- 

Edison 

578 

1880 

rent  of  air,  Gordon 

4,745 

1880 

Guest 

925 

1880 

Sectional  carbon  plate,  An- 

Maxim 

1,649 

1880 

drews 

1,324 

1882 

Drew 

2,037 

1880 

Small  carbons,  Graham  and 

Lane-Fox  . . 

3,494 

1880 

Smith 

1,392 

1882 

Edison 

3,765 

1880 

Two  sticks  of  carbon,  Salo- 

Maxim 

4,393 

1880 

mons 

1,580 

1882 

Nichols 

4,495 

1880 

Incandescence  light.  Jab- 

Henley 

5,137 

1880 

lochkoff 

1,996 

1877 

Edison 

539 

1881 

India-rubber,  curing,  Henley 

4,115 

1875 

Maxim 

3,189 

1881 

Indicator  current,  Haworth . . 

27 

1879 

Nichols 

3,187 

1881 

,,  speed  (Sec  Speed 

Gatehouse  . . 

3,240 

1881 

Indicator.") 

Wright 

3,437 

1881 

Inducki)  Currents  (See  also 

Fitzgerald  . . 

3,890 

1881 

Currents,  Induced.") 

E’ox 

4,024 

1881 

Preventing,  Rapieff.. 

4.432 

1877 

Edison 

4,174 

1881 

Induction  (See  also  "Conductors, 

Faure 

4,311 

1881 

Induction  in.  Preventing.") 

Induction— 

Apparatus, 

Bright  

Fuller 
De  Meritens 

Courtenay 

Apparatus  for  regulating 
current,  Hopkinson 
Apparatus,  coiling  conduc- 
tors for,  Clark  and  Leigh 
Applied  to  electric  lighting, 
Edwards  and  Normandy 
Coil— 

Jablochkoff 

St.  George 

Harrison 

Thompson  . . 

Marx,  Aklem,  Kayser, 
and  Tisdel 
Clarke  and  Leigh. . 

Jacobson  

Coil,  winding,  Grumpel  . . 
Preventing,  in  conductors, 

Lugo  

Insulating  cast  iron,  Shedlock 
,,  conductors  (See 
" Conductors,  Insulating") 
Insulating  convolutions  of 
coils,  Dion 

INSUDATI.NQ  MATERIALS  (SeCalsO 
“ Conductors,  Insulating.") 
Truman 

Sanders  and  Danckwerth 
Wilkinson  . . 

Heins  

Mourlot  

Quin 

Knudson  and  Katie 

Mourlot 

Truman 

Jacques 

Shedlock 
Fleming 
Masson 
Callender  . . 

Woodward 

Fleming 

Allport 

Zingler  

Imray 

Fleming 

Field  

Rhodes  and  Bingswanger 
Page  

Beckinsale 

Treating  w’aste,  Ileycr 
INSUL.ATORS — 

Moseley 

Fottrell 

Capanema  . . 

Sterne  

Johnson  and  Phillips 
Fuller  and  Fuller 

Cordcaux 

Boulton 

Kerr 

Oppenheimer 

Crighton 

Bloomfleld  . . 

Crighton 

Wells  and  Gilbert . . 

Edwards 

Wells  and  Gilbert 

Gilbert  

Fletcher 

Gilbert  

Lewis  

Curtoys 

Richards 

Attaching  conductors  to, 
Edwards 

Intensifying  currents,  Rogers 
Iodine,  obtaining  elcctrolyti- 
cally,  Reynoso 

Jahlocmkoi'E  Candle  (Sea 
"Electric  Candle.’’) 

IjAmp.s,  Arc  (See  “ Arc  Lamps. 
Lami>s,  arc  incandescenco 
(Sec  "Arc  Incandes- 
cence Lamps.”) 


No. 

4,219 

5,183 

5,257 

3,543 

3,362 

3,652 

4,611 

1,996 

2,193 

3,470 

4,983 

351 

245 

3,053 

3,041 

1,119 

5,498 


3,880 


4,438 

2,016 

3,472 

4,916 

4,846 

1,239 

1,295 

2,121 

3,310 

3,424 

5,498 

1,762 

2,«il3 

4,409 

4,780 

5,309 

493 

1,1.53 

1.516 
2,414 
2,480 
2,  ,501 

2.516 
2,518 
2,532 
3,885 


2,969 

3,086 

4,171 

3,974 

3,533 

76 

522 

805 
2,527 
1,248 
4,696 
3,679 
4,189 
1,510 
1,720 
1,960 
3,438 
3,936 
4,. 507 
1,017 
1.851 
2,760 

1,720 

3,809 

799 


") 


Year 

1878 

1878 

1878 

1879 

1881 

1881 

1878 

1877 

1878 
1878 
1878 

1880 
1881 
1881 
1880 

1881 

1880 


1881 


1878 

1879 
1S79 
1879 

1879 

1880 
1880 
1880 
1880 
1880 
1880 
1881 
1881 
1881 
1881 
1881 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1882 
1879 


1873 

1873 

1873 

1874 

1876 

1877 
1877 
1877 

1877 

1878 

1878 

1879 

1879 

1880 
1880 
1880 
1880 
1880 
1881 
1882 
1882 
1882 


1880 

1880 

1873 


Index. 


cccxci 


No.  Year 

Lamps  for  candles,  Mackenzie  4,5CS  1878 

Lamps,  extinguishing  electric, 

Lane-Fox  225  1881  | 

Lamps,  incandescence  (See  “In-  i 

candescence  Lamps.") 

Lamps,  semi  • incandescence 
{See"  Semi- Incandescence 
Lamps.")  I 

Lamps,  street,  extinguishing 
alternate,  Mackie  . . . . 14  1882 

L.\nterns  (See  also  “ Reflectors" 
and"  Light  Difusing.") 

Tilleard  . . ' . . . . 4,317  1878 

Mangin,  Lemonnier,  and 

Co 

Sabatou 

Berly  and  Hulett 
Graham 


3,425 

46!) 

4,755 

3,073 

3,274 

832 


1879 

1880 
1880 
1881 
1881 
1880 


Air-tight,  Brougham 
For  suppl.ving  a definite 
quantity  of  air,  Andrd  . . 1,507  1880 

Submarine,  Ileinke  and 

Lang 231  1880 

Lead,  automatically  adjusting 
of  brushes,  Sperry  . . . . 3,025  1882 

Light  (See  “ Lamps,"  “ Reflec- 
tors," "Lanterns,"  and 


M.^aNET.s,  Electro—  No. 

Cores  of, 

Werdormann  . . 2,364 

A.i  rton  and  Perry  . . 3,036 

Employed  as  brakes.  Groom- 
bridge  . . . . . . 1,049 

For  arc  lamp,  Ayrton  and 

Perry  2,613 

Machine  for  winding,  Cooke  1,903 
Shunting  portion  of  cur- 
rent from,  when  armature 
attracted,  Andrb  . . 5,200 

Tubular — 

Camacho 3,416 

Werdermann  1,829 

Bell 611 

Winding — 

Monckton 265 

„ 3,509 

Jablochkoff  . . . . 836 

Cance  1,927 

Bell  and  Scarlett  . . . . 4,555 

Heinrichs 4,589 

Scarlett  . . . . . . 1,585 

Henley  5,137 

Magnets,  Field — 

Moore  and  Courtenay  . . 3,078 

Evans  . . . , 1,970 

Siemens  and  Alteneck  . . 2,006 

Wallace  . . . . . . 2,015 


Diffusing — 

Stone  

94 

Rartz  

3,455 

1881 

Werdermann 

3,156 

Wheeler 

3,858 

1881 

Hussey  

2,043 

Locomotive,  electric  (See  also 

Paine  and  Paine 

2,049 

“ Railways,  Electric.”) 

Fuller  and  Crandall 

3,364 

Monckton 

265 

1874 

Lontin  

386 

Locomotive,  electro-magnetic. 

Fuller  and  Crandall 

1,557 

D’Arras  

1,000 

1873 

Zanni 

2,821 

Locomotive,  electric,  increas- 

Monckton  

4,597 

ing  grip  of,  Edison  .. 

3,894 

1880 

Varley 

4,905 

Zanni  

4,232 

Magnets — 

Rapieff 

4,432 

A])plied  to  separating  metals. 

Varley  

4,435 

Leek  and  Edwards 

2,890 

1878 

Lontin  and  Co.  . . 

4,893 

Insulating,  Moore  and  Cour- 

Weston   

*4,903 

tenay 

3,078 

1873 

Cane  

1,927 

Preserving  from  oxidation. 

Brush 

2,003 

Byshe  

4,961 

1878 

Siemens  and  Alteneck  . . 

3,134 

Magnets,  Electro— 

De  Meritens 

3,658 

Highton 

1,178 

1873 

SocuH^  d’ Electridte 

4,066 

Camacho 

3,461 

1873 

Higgs  

4,206 

Stone 

94 

1874 

Verrue 

4,287 

Monckton 

3,509 

1874 

Zanni  

4,573 

Courtenay  . . 

1,487 

1875 

Heinrichs 

4,595 

Faulkner 

1,800 

1875 

Sprague  

4,762 

Hequet  

2,564 

1875 

Pulvermacher 

4,844 

Faure 

2,940 

1875 

Weaton  Co, 

4,960 

Smith 

3,981 

1877 

Bertin  and  de  Mersanne 

5,076 

Rapieff  

4,432 

1877 

Brain 

6,139 

St.  George 

2.193 

1878 

Rapieff 

211 

Sprague  

4,762 

1878 

Elphinstone  and  Vincent 

332 

Rapieff  

211 

1879 

Formby 

565 

Dubos 

749 

1879 

Dubos 

749 

Chambrier 

4,428 

1879 

Schuckert  .. 

960 

Perry  

1,178 

1880 

Keith 

1,387 

Gordon  

78 

1881 

Sellon  and  Edmunds 

1,949 

Apps  

204 

1881 

Andrews  .. 

2,321 

Lockwood  . . 

2,398 

1881 

Edison  

2,402 

Markoff  and  de  Kabath 

4,271 

1881 

Elmore 

3,565 

Little  

497 

1882 

Houston  and  Thomson. . 

4,400 

Matthews  . . 

1,201 

1882 

Heinrichs 

4,589 

Weston  

1,611 

1882 

Lamar 

4,690 

Emmens 

2,349 

1882 

Biirgin  

5,085 

Ayrton  and  Perr.y 

2,613 

1882 

Joel 

5,157 

Gordon 

2,871 

1882 

Werdermann 

79 

Conical,  Chislett 

87 

1873 

Houston  and  Thomson  . . 

315 

Cores  of — 

Glouchojf 

478 

Chislett 

87 

1873 

Fitzgerald  . . 

872 

Highton 

1,178 

1873 

Zipernowsky 

1,.580 

Camacho 

3,461 

1873 

Seeley  

1,998 

Slater  

2,625 

1874 

Slater  

2,272 

Monckton  . . 

3,509 

1874 

Gumpel  

3,041 

Faulkner  . . 

1,800 

1875 

Thompson  . . 

3,928 

Paine  and  Paine . . 

2,049 

1875 

Niaudet  and  Reynier 

3,970 

Jablochkoff 

836 

1876 

Cance 

4,005 

Parley  

4,435 

1877 

Biloret  and  Mora 

4,049 

Rapieff 

4,432 

1877 

Hussey  arid  Dodd 

4,265 

Cance  

1,927 

1878 

Heinrichs  . . 

4,608 

De  Meritens 

3,658 

1878 

Hopkinsonand  Muirhead 

4,886 

Elmore  

4,821 

1879 

Henley 

5,137 

Henley 

5,137 

1880 

Kteve  

48 

La  Cie.  Electrique 

130 

1882 

Gordon  

78 

2,990 

1882 

Gumpel 

253 

Year 

1882 

1882 

1880 

1882 

1873 


1879 

1875 

1877 

1878 

1874  ' 
1874  ; 

1876  ' 

1878 

1879 

1879 

1880 
18a0 

1873 

1873 

1873 

1873 

1874 

1874 

1875 
1875 

1875 

1876 
1876 
1876 
1876 

1876 

1877  i 
1877 
1877 
1877 

1877 

1878 
1878 
1878 
1878 
1878 
1878  I 
1878 
1878 
1878 
1878 
1878 
1878 
1878 

1878 

1879 
1879 
1879 
1879 
1879 
1879 
1879 
1879 
1879 
1879 
1879 
1879 
1879 
1879 

1879 

1880 
1880 
1880 
1880 
1880 
1880 
1880 
1880 
1880 
1880 
1880 
1880 
1880 
1880 
1880 
1880 
1881 
1881 
1881 


M.vgnets,  Field — No. 


Wilde  

497 

Waller  

803 

Siemens  and  Ilalske 

1,447 

Muller  and  Levett 

1,787 

Higgs  

1,961 

De  Meritens 

2,212 

Hussey  and  Dodd 

2,375 

Jurgensen  and  Lorenz  . . 

2,416 

Lachaussie 

2,761 

Lane-Fox  . . 

3,394 

Mignon  and  Rouart 

3,400 

Arey  

3,456 

Hading  and  Hartmann  .. 

3,472 

Fahrig  

4,107 

De  Meriten.'. 

4,207 

Kennedy 

4,541 

Joel 

4,607 

Bilrgin  

4,819 

Plot 

4,851 

Akester 

5,525 

Gordon 

5,536 

Gerard- Lescuyer .. 

5,593 

Varley 

5,665 

Thomson 

5,668 

Richardson 

5,681 

Hussey  and  Dodd 

234 

Little 

497 

Solignac 

740 

Lande  

838 

Spagnoletti 

869 

Sheridan 

931 

Grader 

943 

Matthews  . . 

1,201 

Grader 

1,211 

Williams 

1,556 

Munro 

1,626 

Kennedy 

1,640 

1,692 

Piot  

Rogers 

1,760 

Gerard- Lescuyer  . . 

1,878 

Edison 

2,052 

Floyd  and  Kirkland 

2,225 

Cumine 

2,318 

Vincent  and  Elphinstone 

2,340 

Emmens 

2,349 

Werdermann 

2,364 

Williams  . . 

2,558 

Hallet  

2,573 

Blyth  and  Peebles 

2,661 

Chadburn  . . 

2,755 

Farquharson 

2,771 

Willard  

2,803 

La  Cie.  Electrique 

2,990 

Connecting  coils  of,  Gra- 

mer 

943 

Connecting  in  several  cir- 

cults,  Maquaire  .. 

2,885 

Excited  by  thermopiles, 

Edison 

2,402 

Exciting — 

Biiryin 

6,085 

Elphinstone  and  Vincent 

2,893 

Deprez  and  Carpentier 

4,128 

Williams  . . 

1,174 

Maquaire  .. 

2,885 

Exciting  by  shunt  circuit  of 

variable.  Brush  . . 

1,835 

Exciting,  of  alternate  cur- 

rent  generator,  Meritens 

1,136 

Preventing  counter  cur- 
rents in,  by  slitting. 

Wilde  

5,001 

Preventing  reversal  of  po- 

larity  in,  W'esfo/i.  . . 

*4,903 

Rolling,  Bear 

3,283 

Shunt  wound,  Siemens 

4.534 

Winding — 

Cahanellas 

200 

Ayrton  and  Perry 

3,636 

Mc'lighe  .. 

2,744 

Magnets,  Permanent— 

Monckton 

3,.509 

Sprague 

4,762 

De  Meritens 

4,207 

Kotyra  

3,047 

Compound — 

Fontaine  .. 

1,180 

Pritchard  . . 

2,816 

Magnet  Poles— 

Moore  and  Courtenay  . . 

3,078 

Monckton  . . 

265 



3,509 

Year 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1879 

1879 

1880 
1881 
1882 
1882 

1881 

1880 


1880 

1877 
1881 
1879 

1881 

1882 

1882 

1874 

1878 
1881 
1882 

1873 

1878 

1873 

1874 
1874 


cccxcii 


Index. 


magnet  Poles— 

No. 

Year 

Metkrs,  Current — 

No. 

Year 

Fxdler  and  Crandall  . 

3,364 

1875 

Lamp  hour, 

Bastet 

1,931 

1876 

Swan 

5,499 

1881 

Lontin 

3,264 

1876 

Measuring  relative  intensity 

Faure 

3,670 

1876 

of  two  currents,  Carpen- 

Monckton  . . 

4,597 

1876 

tier  . . 

4,664 

1881 

Varle.v  

4,905 

1876 

Motor  controlled  by  elec- 

Rapieff 

4,432 

1877 

trical  apparatus,  Hopkin- 

Schuckert  

4,464 

1877 

son  

49 

1882 

Siemens  and  Alteneclc  . . 

3,134 

1878 

Motor,  copper  disc,  Munro 

1,626 

1882 

Ward 

3,976 

1878 

,,  works  against  a con- 

Perry 

1,178 

1880 

stant  resistance — 

Griscom 

1,259 

1880 

Ediaon 

1,016 

1881 

Moffatt  and  Chichester  . . 

3,441 

1881 

Ayrton  and  Perry 

2,642 

1882 

Edison  

3,932 

1881 

Oscillating’  balance  wheel 

Joel  . . 

4,607 

1881 

with  length  of  torsional 

Giilcher 

64 

1882 

spring  controlled,  Boys  . . 

513 

1882 

Magnetic  field,  regulating  in- 

Regulating current  to, 

tensity  of  (See  “ Regu- 

Swan 

5,499 

1881 

lator,  Current.”) 

Vibrating  armature — 

Harling  and  Hartmann  . . 

3,472 

1881 

Fuller 

5,183 

1878 

Magnetic  field,  unipolar,  Wei"- 

Boys 

4,472 

1881 

dermann 

3,156 

1874 

Williams 

1,174 

1882 

Make  and  break,  automatic. 

Ayrton  and  Perry 

2,642 

1882 

Thomson  

3,032 

1881 

Voltametric — 

Manometer,  Fitzgerald 

3,890 

1881 

Sprague  

2,902 

1881 

Metals,  purifying,  Andrf  . . 

4,053 

1877 

Edison 

1,016 

1881 

Metals,  purifying  molten. 

Swan 

5,499 

1881 

Werdermann..  ..  .. 

476 

1873 

Blythe  and  Peebles 

2,661 

1882 

Metallic  salts,  decomposing, 
Lontin.. 

Meters,  Current — 
Pulvermaoher 
Lane- Fox 
Bright 
Watson 


Meters,  Electric- 
473  1875  I Metallic  deposit,  Sprague. . 2,902 

Voltametric,  Sprague  . . 2,902 

3,782  1876  Meters,  electricity,  motor 
3,988  1878  i controlled  by  electrical 
4,212  1878  I apparatus,  Ilopkinson  . . 49 

2,271  1880  . Meters,  electro,  Dewar 


1882 

1882 


1882 

1876 


Law  . . . . . . . . 4,851 

1880 

Meters,  Power,  Dewar 

2,886 

1876 

Apps  . . . . . . 264 

1881 

I Clockwork,  pendulum 

of 

Sprague 4,454 

1881 

1 electrically  controlled, 

Lane-Fox  . . . . . . 5,651 

1881 

Ayrton  and  Perry 

2,642 

1882 

Thomson 5,668 

1881 

Motor  rotates  ap;ainst  con- 

Carus-Wilson . . . . 5,687 

1881 

stant  resistance,  Ayrton 

Application  of,  Edison  . . 4,571 

1881 

and  Perry  . . 

2,642 

1882 

Automatically  breaking  cir- 

Mines, explodin'?  gases 

in, 

cuit  to,  Edixon  ..  ..  4,576 

1881 

Budenburn  and  Schaffer 

4,227 

1880 

Circulating  electrolyte  in. 

Motive  Power  (See  also  “ Gene- 

Sprague 2,902 

1882 

ratorsff) 

Clockwork  governed  by  oscil- 

Dove 

1,1.58 

1879 

lating  armature.  Boys  . . 4,472 

1881 

Whiteley  . . 

1,445 

1879 

Clockwork  ; pendulum  of. 

Lambertand  Inverneau.. 

144 

1880 

controlled  by  magnets, 

Corbett  and  Lock  head 

219 

1880 

Ayrton  and  Perry . . ..  2,642 

1882 

Graddon  . . 

885 

1880 

Clockwork  automatically 

Edison 

3,964 

1880 

wound  up,  Boys  . , 4,472 

1881 

Motors,  Electric— 

Compensating  for  changes 

D’Arras 

1,000 

1873 

of  temperature,  Edi- 

Wallace 

2,015 

1873 

son  ..  . . 1,783 

1881 

Gaum^. 

2.618 

1873  1 

Sprague  . . . . 4,4.54 

1881 

Moore  and  Courtenaj^ 

3,078 

1873 

Edison  4,576 

1881 

Stone 

94 

1874 

Sprague 2,902 

1882 

Monckton  . . 

265 

1874 

Conductor  rotating  around 

Wilde 

1,.554 

1874 

a pole,  Faure  ..  ..  7-30 

1882 

Monckton  . . 

3,509 

1874 

Electro-depositing — 

Chutaux  .. 

4,4.54 

1874 

Edison  ..  ..  ..  4,226 

1878 

Courtenay  . . 

1,487 

1875 

Sprague  . . . . 4,762 

1878 

Hussey 

2,043 

1875 

Edison 4,391 

1880 

Paine  and  Paine 

2,049 

1875 

„ 1,016 

1881 

Clamond  . . 

2,205 

1875 

„ 1,783 

1881 

Faure 

2,946 

1875 

,,  4,576 

1881 

Camacho  .. 

3,416 

1875 

Carus-Wilson  . . . . 5,623 

1881 

Edison 

3,762 

1875 

Sprague  . . . . . . 2,902 

1882 

Kimball 

3,999 

1875 

Electro-hydrometric,  Sprague!, 454 

1881 

Paine 

4,118 

1875 

Endosmose,  Carus-Wilson . . 2,954 

1882 

Bastet 

1,931 

1876 

Fluid  passing  through  elec- 

Lontin 

3,264 

1876 

trically  regulated  vahe. 

Faure 

3,670 

1876 

Lane-Fox  . . . . . . 4,626 

1878 

Monckton  . . 

4,597 

1876 

Freezing  ofi  preventing — 

V’arley 

4,905 

1876 

Sprague  . . . . . . 4,454 

1881 

Level 

732 

1877 

Edison  ..  . . . 4,576 

1881 

Werdermann 

1,829 

1877 

Cearing  constantly  rotated 

Smith 

3,981 

1877 

drives  through  speed 

Spalding 

'915 

1878 

changers  the  registering 

Zanni 

1,677 

1878 

mechanism — 

Cance 

1,927 

1878 

Lane-Fox  . . . . . . 4,626 

1878 

Ilardinp:  and  Bull 

2,878 

1878 

Carus-Wilson  , . , , 4,824 

1881 

Mclhado 

4,699 

1878 

Varley  2,248 

1882 

Whyte 

.5,152 

1878 

Indicating  charge  of  sccond- 

Whiteley 

1,445 

1879 

arv  batteries,  Carus- 

Heinrichs  .. 

2,317 

1879 

W'ilson  5,687 

1881 

Edison 

2,402 

1879 

Lamp  hour — 

Heinrichs  .. 

4,589 

1879 

Sawyer  and  Mann  . . 4,705 

1878 

Lamar 

4,696 

1879 

Swan  . . 5,004 

1880 

(ilouchoff  . . 

478 

1880 

Pel 3,380 

1881 

Griscom 

1,259 

1880 

Motors,  Electric—  No. 

Fonvielle 1.339 

Edison  1,335 

Fdison  3,894 

3,901 

Kuhlo  4,825 

4Ienley  5,137 

Hichardson  . . 2,703 

Hopkinson 2,969 

Thomson 3,032 

Berthoud,  Borel,  and  Co.  4,026 

Millar  4, .592 

BUrgin  4,819 

Plot 4,851 

Raison  169 

Hussey  and  Dodd  . . 234 

Andrews  . . . . . . 540 

Siemens 760 

Williams 856 

Spagnoletti  . . . . 869 

Williams 1,174 

Varley  2,148 

Cuniine  . . . . . . 2,318 

Emmens 2,349 

Williams  . . . . . . 2,558 

Parker  and  Elwell  . . 2,917 

Ayrton  and  Perry  . . 2,830 

La  Cie.  Eleclrique  . . 2,990 

Motors,  Electric,  applied  to — 

Brine  evaporation,  Biggs  . . 2,106 

Coal  cutting,  Wilde  . . 1,554 

Conveying  small  packages, 

White  and  Hayden  ..  473 

Domestic  tram,  Harmant..  4,779 
Driving  drills,  Thomson  . . 1,393 

Drills,  Stanfield  and  Clark  *4,918 
Mining,  Lemaire-Douchy . . 2,107 

Musical  box,  Dudley  . . 3,423 
Propellers,  Tissandier  . . 3,401 

Railways,  Siemens  . . . . 583 

Railway  brakes,  Siemens 

.and  Boothby  . . 696 

Rock  drills — 

Jones  and  Wild  . , 5,614 

Finch  1,110 

Sewing  machines,  Journaux  4,518 
Tramways,  Wigham  . . *2,414 
Teleradiophone,  Mercadier  3,929 
Motors,  Electric — 

Arranging  in  current  with 
lamps,  Edison  . . 4,034 

Communicating  power  from, 

Edison  . . . . . . 3,964 

Cooling,  Little  . . . . 497 

Dead  points  of,  avoiding, 

Trouoi  . . 4,009 

Driven  by  battery  with  ad- 
justable electrodes,  (Iris- 
com..  ..  1,244 

Driving  gearing  for,  Edi.son  1,385 
For  obtaining  power,  Ilos- 

mer 4,220 

Locomotive,  Jenkin  . . 1,830 

Maintaining  strength  of 
field  magnets  of,  Edi- 
son   1,862 

Mechanical  starter  for, 

Lamar  . . . . . . 4,690 

Multiplex,  Chutaux  . . 4,454 

Obliquely  fi.\ed  bobbin, 

lochkoff 2,769 

Regulating  i,See  also  “ Be- 
gulalors.") 

Monckton 3, .509 

I‘aine  and  Paine  . . 2,049 

Spalding 1,197 

Lamar  4,690 

Edison  33 

Deyrez  and  Caryentier. . 4,128 

Langley 4,168 

Carus-Wilson  4,825 

.larman  . . 2,630 

Ayrton  and  Perry  . . 2,830 

La  Cie.  Eleclrique  . . 2,990 

Reversing — 

Wallace 2,015 

Hopkinson  2,481 

,,  ...  4,653 

Lamar  4,690 

(lumpel  3,041 

Piot 4,851 

Ayrton  and  Perry  . . 2,830 

Supplying  current  to,  Binks  3,073 


Year 

1880 

1880 

1880 

1880 

1880 

1880 

1881 

1881 

1881 

1881 

1881 

1881 

1881 

1882 

1882 

lc82 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1882 

1877 

1874 

1881 

1880 

1881 

1881 

1876 

1881 

1881 

1880 

1881 

1881 

1879 

1881 

1881 

1881 


1881 

1880 

1882 

1880 


1880 

1880 

1880 

1882 


1882 

1879 

1874 

1882 


1874 

1875 

1878 

1879 

1880 
1881 
1881 
1881 
1882 
1882 
1882 

1873 

1879 

1879 

1879 

1880 
hS*! 
1882 
1882 


Index. 


Motor,  Electro-magnetic — 

No. 

Year 

Reflectors — 

No. 

Year 

Ludeke  and  Thornian  . . 

3,338 

1878 

Williams 

766 

1882 

North  

4,041 

1878 

Franhe  

849 

1882 

Edison  

4,518 

1878 

Wheeler 

917 

1882 

33 

1880 

Combined  with  globe. 

Little 

497 

1882 

Aronson 

305 

1882 

Motor,  Magnetic — 

Fitted  with  coloured  shade 

Andrews  .. 

292 

1878 

Grieve 

259 

1879 

Hosmer 

311 

1878 

For  incandescence  lamp. 

La  Cour 

1,988 

1878 

Lorrain  

5,738 

1881 

Hosmer 

2,930 

1878 

Of  silvered  glass,  Il'rtfsoJi  . . 

389 

1879 

Sueur  

3,857 

1881 

Regulating  length  of  arc  in 

Motor,  Magneto-electric — 

lamps  (See  also  “Arc 

B'ard  and  Ball  . . 

2,033 

1878 

Lamps.”) 

Hosmer 

3,676 

1878 

Wood  

2,563 

1882 

. . 

2,570 

1882 

OPTICAL  AUPARATUS  {ScC 

atso 

Regulator.s,  Current— 

“ Reflectors;"  Lanterns 

Pulvermacher 

1,900 

1876 

“ Ilolophotes and  “ Photo- 

Lane-Fox  . . 

3,4n9 

1877 

meters.") 

4,043 

1878 

Weyde 

446 

1878 

Harding 

4,047 

1878 

For  arc  lamp,  De  Mersanne 

3,315 

1876 

Pulvermacher 

4,094 

1878 

Oxyhydrogeii  light,  Edwards 

Scott 

4,140 

1878 

and  Normandy 

4,611 

1878 

Bright  

4,212 

1878 

Edison  

4,226 

1878 

Permutator, 

2,015 

1878 

Van  Choate 

4,388 

1878 

Permanent  magnets 

Fuller  

.5,183 

1878 

netSy  Permanent.") 

Blandy 

2,060 

1879  f 

Permanent  way  for  con- 

Edison 

2,402 

1879  i 

ductors,  Meyer 

232 

1882 

Cabanellas 

200 

1881 

Phosphor-bronze,  Highton  . . 

3,000 

1874 

Lane-Fox  . . 

1,636 

1881  , 

Phosphorescent  filament  for 

Jameson 

2,618 

1881 

incandescence  lamps,  Bern- 

Gravicr  

2,739 

1881  1 

stein  . . 

2,604 

1882 

Thompson  . . 

3,032 

1881 

Photometer — 

Dunstan  and  Pfannkuche 

3,6.55 

1881  1 

Bolter  and  Webber 

686 

1873 

Edison 

4,034 

1881 

Mucklow  and  Spurge 

5,368 

1881 

Deprez  and  Carpentier.. 

4,128 

1881  ; 

Selenium,  Limbeck . . 

4,408 

1880 

Carod 

4,508 

1881 

Plating  cell,  electro,  Edison 

768 

1881 

Carus-Wilson 

5,687 

1881 

Polarity,  preventing  rever- 

Cruto   

1,895 

1882 

sal  {See  also  ^^SwitcheSy 

Sperry 

3,025 

1882 

A7itomatic.") 

Rigaud 

3,054 

1882 

4,280 

1876 

Automatic  indicator  for 

4,748 

1877 

hand,  Edison 

1,023 

1882 

Stern  and  Byllesby 

•4,903 

1877 

Acting  on  the  driving  motor 

2,336 

1882 

Lane-Fox  . . 

4,626 

1878 

Posts  for  conductors  {See  also 

Sawyer  and  Ma7i . . 

4,705 

1878 

“ Conductors.") 

Andrews 

•2,321 

1879 

Richard  ..  ..  ..  2,7t50  1882 

Power,  transmission  of  {See 
“ Tiammission  of  Power.") 

Pump,  mercury  {See  alao 
“ racitiini  Pumps.") 


Akester 

2,519 

1882 

Railway  Carriage  Doors — 

Securing,  Wiles 

05 

1873 

Railways,  Electric — 

Monckton  . . 

265 

1874 

Haddaii 

2,040 

1879 

Siemens 

,583 

1880 

Varley  and  Judd  . . 

441 

1882 

Edison 

1,863 

1882 

Liirhting  carriages  of — 

Preece  and  James 

120 

1882 

Starr  

819 

1882 

Ratciiet,  electric,  Cabanellas . . 

•200 

1881 

Reflecting  refractory  block 

*'  for  arc  lamps,  Harrison  .. 

3,359 

1881 

Reflectors  (See  also  “ Optical 
Apparatvjs”  “Lan- 
terns.”) 

Weyde 

440 

1878 

Neale  

002 

1878 

Alder  and  Clarke. . 

1,442 

1878 

De  Castro. . 

2,043 

1878 

Pulvermacher 

4,070 

1878 

Sprague 

4,002 

1878 

Sfolera  and  Celrian 

209 

1879 

Young  and  Freeman 

350 

1879 

Weyde 

508 

1879 

Harding 

783 

1879 

Holmes 

020 

1879 

Werdermann 

2,301 

1879 

Mangin,  Lemovinier,  and 

Co 

3,425 

1879 

Schumann 

2,179 

1880 

Heinrichs  . . 

4,608 

1880 

Benson 

4,254 

1880 

Brush 

*1,834 

1881 

Wheeler 

3,011 

5,396 

1881  1 

Varley 

1881 

Rowan  

5,400 

1881  ! 

Richardson.. 

288 

1881 

Westinghouse 

3,409 

1881 

Carus-Wilson 

4 ,825 

1881 

Thomson 

5,668 

1881 

Carus-Wilson 

5,687 

1881 

Levy 

.542 

1882 

Richardson 

941 

1882 

Adjusting  the  brushes — 

Edison 

1,149 

1882 

Wood  

2,526 

1882 

Adjusting  field  magnet  poles 
Chameroy  . . 

2,295 

1882 

Jarman 

2,630 

1882 

Arrangement  of  generators. 

Perry  

55 

1882 

Coils  in  circuit,  Andrews  . . 

2,321 

1879 

Exciting  current— 

Brush 

849 

1880 

Maxim 

1,392 

1880 

Ediso7i 

3,964 

1880 

Brush 

1,835 

1881 

Edison 

2,482 

1881 

Langley 

4,168 

1881 

Ediso7i 

4,552 

1881 

Wright  and  Ormiston 

5,006 

1881 

De  Khotineky 

245 

1882 

Edison 

1,191 

1882 

Edison 

1,023 

1882 

yy 

2,052 

1882 

For  use  with  gas  engines, 

Carus-Wilson 

5,087 

1881 

Hand,  Edison 

1.023 

1882 

Induction  apparatus,  Hop- 

kinson 

3,362 

1881 

Platino-carbon,  Gatehouse 

1,400 

1882 

Potential  of — 

Cochrane  . . 

4,313 

1878 

Depi'cz  and  Carpentier  . . 

4,128 

1881 

Maxhn 

1,102 

1882 

Williams  . . 

1,550 

1882 

Potential  of,  by  batteries— 

Williams 

706 

1882 

,, 

700 

1882 

Potential  of,  from  batteries 

850 

1882 

2,558 

1882 

Rkuulatork,  Current- 
Radial  adjustment  of  arma- 
ture coils, 

Resistances — 

Lane- Fox  .. 

De  Mersanne  and  Berlin 
Sellon  and  Edmunds 
Cook 

Resistance  of  field  magnet 
circuit  of  exciter — 
Edison  

Secondary  batteries — 

Thomson 

I)e  Kabath  . . 

•Edison  

Varying  relative  speeds  of 
motor  and  generator, 

lUgaud  

Varying  length  of  arms  of 
centrifugal  governor,  Var- 

ley 

Regulators,  Current,  with — 
Centrifugal  governor  driven 
by  motor,  Carus- Wilson 
Rapidly  vibrating  circuit 
controller,  Edison 
Tilting  cog-bar  gearing  with 
one  of  two  pinions, 
Sawyer  and  Man 
Regulators — 

Expansion,  Lontin  . . 

Light — 

Saivyer  and  Man 
Edison 
Gatehouse  . . 

Resistance,  automatic,  for 
incandescence  lamps — 

Welch  

Regulators,  Speed  {Sec  also 
“ Electricy  RC' 

gulating.") 

For  electric  motors — 

Edison  


Edison 

Deprez  and  Carpentier . . 

Langley 

Carus-Wilson 

Jarman 

Ayrton  and  Perr\ 

Jenkin 

For  electric  motors,  hand 
or  automatic,  Le  Cie, 
Electrique  . . 

For  electric  motors  driven 
by  batteries,  Griscom  . . 
For  generator,  Cabanellas 
For  turbines,  &c.,  Williams 
Relay,  Rrasscur  and  De 
Sussex 
Resistances — 

Cadett 
Thomson  . . 

Wilkinson  . . 

Biriko 

Resistance  balances — 

Abdajilc 

Roosevelt  and  Abdank  .. 
Resistances,  carbons  for, 
Varley . . 

Reversal  of  polarity,  prevent- 
ing {See  Polarity y 
Preventing  Reversal  of."\ 
Rheostats — 

Pulvermacher 

Coxeter  

Bright 

Cadett  

Sellon  and  Edmunds 

Hadden 

Harrison 

Roguier 

Lugo 

Cuff 

Hussey  and  Dodd 

Gravicr 

Thomson  . . 

Pfannkuche  and  Dunstan 

Williams 

Munro 


cccxciii 


No.  Year 

2,885  18S2 

4,026  1878 
5,053  1878 
1,692  1879 
2,769  1879 


33  1880 
602  1880 

3,032  1881 
4,060  1881 
4,553  1881 


3,054  1882 


5,665  1881 


4,825  1881 
1,496  1882 


4,705  1878 

2,094  1877 

4,704  1882 
539  1881 
3,240  1881 


4,689  1878 


33  1880 
602  1880 
1,385  1880 
3,964  1880 
4,128  1881 
4,168  1881 
4,825  1881 
2,630  1882 
2,830  1882 
3,007  1882 


2,990  1882 

1,244  1880 
200  1881 
1,174  1882 

308  1878 

4,022  1878 
3,032  1881 
3,003  1882 

3,073  1882 

339  1882 
3,070  1882 

2,776  1882 


1,900  1876 
492  1878 
596  1878 
4,022  1878 
4,316  1878 
1,692  1879 
3,843  1879 
3,875  1879 
75  1880 

5,352  1880 
2,263  1881 
2,572  1881 
2,739  1881 
3,0,32  1881 
5,743  1881 
856  1882 
1,626  1882 
eee 


CCCXCIV 


Index. 


lillEOSTATS — No. 

Metallic  chain,  La  Socifti 
la  Force  et  la  Lmniire, 

<ic.  . . . . . . . . 4,496 

Kulinikorffs  coil,  application 

to  electric  light,  De  Sussex  465 

Safety  Fuzk — 

Lontin  . . . . . . 2,094 

Inserted  in  main  leads, 

Fdison  1,023 

Secondary  batteries  (See 
Batteries.") 

SBMI-LnCANUESCENCE  L.AMI’S 
(See  also  “Arc  In- 

candescence Lamps.") 

Sawyer  and  Man  . . 4,847 

l>e  Mersanne  and  Berlin  5,044 
RapiefI  . . . . . . 211 

Werdermann  . , 2,301 

Joel  . . . . . . . . 5,157 

Andrd  ai'.d  Easton  . . 2,236 

Andrd  . . 2,764 

Heinrichs  . . 4,608 

Sachs  . . 894 

Common  and  Joel  . . 1,040 

Harrison  and  Blagburn . . 1,358 

SociiU  La  Force  et  la 
Lumiire,  Ac.  . . 1,653 

Andre  . . 2,563 

Somzee  4,'305 

De  Chanyy  4,405 

Rogers  . . . . 4,855 

Soliynac  . . 740 

Werdermann  . . 1,444 

Salomons  . . . . 1,580 

Zanni  2,740 

Automatically  short-circuit- 
ing (See  “Switches, 
Automatic.") 

Joel 5,157 

Automatic  switch  for,  Wer- 
dermann . . , . . . 2,301 

Carbon  coils  for,  I'arley  . . 2,776 

Feeding  carbon  to,  Andrd 
and  Easton  . . . . 2,236 

Preventing  explosion  in. 

Hedges  4,988 

With  carbon  descending 
against  metallic  disc. 

Hedges  4,988 

With  electric  motor,  Andrd  2,764 
With  inclined  carbons, 

Rogers  1,922 

With  mercury  float,  Bla- 
mires  . . . . . . 455 

With  multiple  carbons,  De 
Mersanne  and  Berlin  . . 5,044 

With  Torricellian  vacuum, 
Blamires  . . . . 455 

Short-circuiting,  avoiding  in 
armature,  Weston  ..  ..  1,614 

Shunt,  automatic,  Scott  . . 4,140 

Signals,  Electric,  for  railways — 

Putnam 1,125 

Perry  and  Ayrton  783 

Putnam  . . 2,711 

D'Auriac  . . . . ..  1,683 


Sparking,  preventing  at  com- 
mutator (See  “ Commu- 
tator, Sparkiny  at.") 
Speed  Indicators — 


Reynolds  . . 

515 

Cardew 

. . 5,354 

Starr 

. . 5, GOO 

Rogers 

. . 1 390 

Year 


1881 

1879 


1877 

1882 


1878 

1878 

1879 
1879 

1879 

1880 
1880 
1880 
1881 
1881 
188L; 

1 

1881 

1881 

1881 

1881 

1881 

1882 

1882 

1882 

1882 


1879 

1879 
1882 

1880 
1880 


1880 

1880 

18i/l 

1880 

1878  ! 

1880 

1882 

1878 

1880 
1881 
1881 
1881  I 


1874 
1881 
1881  ' 
1882  ! 

I 


No. 

Speed,  measuring,  of  genera- 
tors, Thomson  . . . . 5,668 

Speed  regulator  (See  “ Reyulators, 
Speed.") 

Standard  of  electromotive 
force,  Dewar. . ..  ..  2,886 

Starter,  automatic,  Edison  . . 2,402 

Static  charge,  preventing,  in 


lighting  circuits,  Crompton 

346 

Switches — 

Weston 

4,280 

Lontin 

2,094 

Rapieif 

211 

Andrews  . . 

2,321 

Edison 

2,402 

Hedges  

3,369 

Faure  

129 

Hussey  and  Dodd 

2,572 

Gravier 

2,739 

Williams 

856 

Munro  

1,626 

Brougham  . . 

2,030 

Defries 

2,335 

Actuating  electrically, 

Carus- Wilson 

5,087 

Switches  for— 
Arc  lamp, 

Joel,.  

5,157 

Gadot  

2,344 

Wood 

2,563 

Breaking  circuit  at  several 

places,  Edison 

1,385 

Connecting  circuits  to 

earth,  Howard 

2,896 

Connecting  up  conductors, 

Andrews  . . 

2,321 

Incandescence  lamp  — 

Edison  

1,802 

Hughes  

3,190 

Berly  

1,236 

Aronson 

359 

Emmeiis 

2,348 

Hallet  

2,560 

Volk 

2,962 

Regulating  currents.  An- 

drews 

2,321 

Secondary  batteries,  Tom- 

masi 

252 

Short  • circuiting  lamp, 

Commonand  Joel. . 

1,040 

Signalling  apparatus,  Le- 

mair  and  Lebrun 

4,081 

Successively  completing 

number  of  circuits,  BudeH' 

bury  and  Schaffer 

4,227 

Turning  current  gradually 

on  to  lamps.  Sawyer  and 

Man 

4,705 

Operated  by  compressed 

air,  Berly 1,027 

Switches,  Automatic  (See  also 
“ Batteries,  Secondary, 
Charyiny,  and  Dis- 
charyiny  “ Cuts  Outs;" 
and  “ Shunts." 


Westo7i 

. . 4,748 

..  *4,903 

Scott 

..  4,140 

Sawr/er  and  Man. . 

. . 4,705 

Sellon  and  Edmunds 

. 1,192 

Jieynier 

..  1,971 

Zanni 

. . 2,821 

Wilkins 

4,306 

(lodfrcy 

. . 4,718 

Jahlochkoj[f 

725 

Year 

1881 


1876 

1879 

1882 

1876  I 

1877 
1879  1 
1879 
1879  I 

1881  I 
1881 
1881 
1881 

1882 
1882 
1882 
1882  j 

1881  ! 


1879  ; 

1881  i 

1882 


1880 

1882 

1879 

1881 

1881 

1881 

1882 

1882 

1882 

1882 

1879 
1882 
1881 

1880 


1880 


1878 

1881 


1877 

1877 

1878 

1878 

1879 
1879 
1879 
1879 

1879 

1880 


SWITCIIB.S,  Automatic—  No. 

Berly  1,027 

Edison  2,492 

Hussey  and  Dodd  ..  2,572 

Thomson 3,032 

Switches,  Automatic,  for — 

Cutting  changed  .battery 
out  of  circuit,  Houston 
and  Thomson  ..  ..  4,100 

Electric  lamps,  Jablochlcoff  725 
I ncandescencelamps, Sprague  4,662 
Incandescence  lamps  with 
multiple  filaments,  Aron- 
son . . 359 

Multiplex  lamps,  Berly  . . 1,236 

Preventing  reversal  of 
currents  (See  also  “.Po- 
larity, Preventiny  Re- 
versal of.”) 

Zanni  2,821 

Fisher  1,727 

Replacing  discharged  bat- 
teries, Lamar  . . 4,696 

Secondary  batteries,  Em- 
mens  . . . , . 2,912 

Semi-incandescence  limp — 
Werdermann  . . . . 2,301 

Joel 5,157 

Shunting  excess  of  current, 

Mackie  . . . . 14 

Shunting  portion  of  cur- 
rent when  armature  at- 
tracted, Andre  ..  ..  5,206 

Teleradioi’hone,  Mercadier  3,929 
Telpherage,  Jenkin  . . 1,830 

Tramcars,  Richardson  . . 2,703 

Transmission  of  power — 

Spalding  . . . . 915 

Chretien  and  Felix  . . 2,019 

Poulet  and  Commelin  . . 1,046 

Edison  3,894 

Gumpel  . . . . 253 

Hopkinson  . . . . 2,969 

Vacuum  Pumps  — 

Lane-Fox 3,494 

Akester  . . . . *4,458 

Steam  . . . , . . *5,000 

Kennedy  . . . . . . 5,524 

Goebel  and  Kulcnkamp . . *5,548 
Sen  nett  ..  ..  ..  6,286 

Wright  and  Mackie  . . 1,031 

Rogers  1,288 

Cruto  1,895 

Gimingham  . . . . 2,375 

Akester  . . . . . . 2,519 

Leask  . . . . . . 2,701 

I'acuum  tubes,  Scantlebury . . 1,932 

,,  for  theatrical 

effects,  Aronson  . . . . 2,008 

Voltameters — 

Pulvennacher  1,900 

Avenarius  3,025 

Water — 

Utilising  flow  of,  Williams  1,174 
Purifying,  Atkins  . , 556 

Yarns— 

Rendering  non-absorbent— 

Hooper  3,780 

Hooper  and  Dunlop  . . 3,997 

Zapotine,  Conybeare  ami 
Napheg>  i 2,106 


Year 

1881 

1881 

1881 

1881 


1879 

1880 
1878 


1882 

1881 


1879 

1882 

1879 

1882 


1879 

1879 

1882 


1879 

1881 

1882 

1881 


1878 

1879 

1880 
1880 
1881 
1881 


1880 

1881 

1881 

1881 

1881 

1881 

1882 

1882 

1882 

1882 

1882 

1882 

1878 

1878 

1876 

1880 


1882 

1873 


1873 

1873 


1874 


APPENDIX  A 


MUNICH  EXHIBITION  REPORTS  :-DTNAMO  AND  LIGHT  TESTS. 

rriHE  official  reports  of  the  tests  made  during  the  Electrical  Exhibition  at 
Munich,  1882,  form  a very  valuable  contribution  to  our  literature  on 
applied  electricity.  Munich  could  not  vie  with  Paris  in  the  brilliancy  of 
the  nightly  display,  and  the  variety  and  number  of  her  exhibits.  But  the 
scientific  importance  of  the  Munich  Exhibition,  and  the  solid  and  thorough 
character  of  the  investigations  carried  on  during  the  short  period  that  it  was 
open — September  IGth  to  October  15th,  1882 — have  never  been  questioned. 
We,  therefore,  think  that  the  following  summary  will  be  interesting  to  our 
readers.  We  include  in  our  abstract  an  able  article  from  the  pen  of  Dr. 
Hugo  Kruess,  of  Hamburg,  on  the  History  of  Electrical  Photometry. 


From  the  very  commencement  of  the  Munich  Electrical 
Exhibition  scheme,  the  idea  of  a rigorous  scientific  com- 
parison of  the  various  exhibits  was  prominently  before  the 
promoters,  and  as  as  soon  as  circumstances  permitted,  a 
general  plan  for  the  whole  series  of  intended  experiments 
was  sketched  out  by  Dr.  Kittler,  who  was  then  on  the  staff 
of  the  Munich  Technical  College,  although  appointed  to  the 
electro-technical  chair  at  the  new  college  at'  Darmstadt, 
which  was  opened  with  the  year  1883.  This  plan,  having 
been  aiiproved  of  by  the  sectional  committees,  was  pub- 
lished in  pamphlet  form  and  afterwards  adhered  to,  few 
and  slight  alterations  only  suggesting  themselves.  Ex- 
tensive and  thorough  tests  of  the  instruments  and  methods 
to  be  employed,  preceded  the  real  work.  It  would  lead 
us  too  far  to  dwell  upon  the  theory  and  the  execution  of 
these  calibrations.  We  may  venture  to  state,  however, 
to  exemplify  the  character  of  the  proceedings,  that  the 
graduation  of  the  Wiedemann  mirror  galvanometer,  which 
served  for  all  determinations  of  current  intensities,  in- 
volved eight  series  of  observations,  each  of  them  requiring 
numerous  readings  of  various  kinds. 

It  must  be  borne  in  mind  that  time  and  means  were 
scanty,  and  circumstances  not  always  so  favourable  as 
desired  ; yet  it  is  remarkable  how  much  was  achieved. 
To  arrive  at  absolutely  comparable  results,  all  the  systems 
ought  to  have  been  tested  under  exactly  the  same  con- 
ditions. This  was  irossible  only  in  the  case  of  the  electrical 
and  optical  measurements  ; as  regards  the  power  tests,  it 
would  have  necessitated  that  all  the  dynamos  should  have 
been  coupled  to  one  and  the  same  motor,  which  was 
practically  impossible. 

Power  Tests. — The  principle  having  once  been  adopted 
that  none  but  simultaneous  observations  should  be  relied 
uiion,  the  question  as  to  the  nature  of  the  dynamometer 
to  be  employed  had  already  been  decided  in  fax’our  of  the 
exclusive^  use  of  transmission  dynamometers,  which  are 
placed  directly  between  the  motor  and  the  dynamo.  In 
some  other  trials  the  power  transmitted  to  the  dynamo 
has  been  determined,  afterwards  and  separately,  by  apply- 


ing the  Prony  brake  to  rearrive  at  the  conditions  of  the 
previous  experiments.  The  practical  difficulty  is,  of 
course,  to  reattain  the  same  conditions.  At  Munich  it 
was  found  necessary  to  carry  the  dynamometer  from  one 
dynamo  to  the  other,  as  the  dynamos  could  not  be  moved. 
The  dynamometer  of  Mr.  von  Hefner  Alteneck  was 
the  only  one  practicable  under  these  conditions,  and  served 
for  all  the  observations,  except  in  one  instance.  In  this 
case  there  was  employed  the  registering  dynamometer  of 
Mr.  Schuckert,  the  well-known  electrician ; it  was  con- 
structed by  Mr.  Keck,  of  Niirnberg,  but  arrived  too  late. 
This  instrument  has  on  its  main  shaft  two  pulleys,  one 
keyed  to  the  shaft  and  revolving  with  the  motor,  the 
other  loose  and  coupled  with  the  dynamo  ; the  connection 
between  the  two  pulleys  is  effected  by  a strong  spiral 
spring.  Wlien  at  work  the  loose  pulley  remains  behind 
by  a certain  angle,  varying  with  the  pressure  exerted  upon 
the  spring ; and  a special  mechanism  traces  these  varia- 
tions on  a drum.  This  dynamometer  offers  certain  advan- 
tages and  can  be  easily  controlled,  whilst  the  instrument 
devised  by  Mr.  von  Hefner  Alteneck  cannot  quickly  be 
verified.  But  Mr.  Schuckert’s  dynamometer  is  not  port- 
able ; to  use  it  the  dynamo  had  to  bo  dismounted, 
mounted  again  for  the  tests,  and  removed  to  its  original 
place  after  the  tests.  As  these  operations  take  up  much 
time  the  Von  Hefner  Alteneck  instrument  was  selected 
and  bolted  to  a very  heavy,  yet  portable,  wooden  block. 
The  instrument  was  not  supplied  with  a set  of  springs  of 
various  strengths.  This  defect  was  most  particularly  felt 
in  connection  with  the  most  remarkable  experiments  con- 
ducted at  Munich,  the  transmission  of  power  by  M. 
Deprez,  where  a comparatively  small  force  at  a very 
high  speed  had  to  be  measured  ; we  shall  again  refer  to 
this  point.  Besides  the  dynamometer  a tachymeter  of 
Alessrs.  Buss  and  Sombart  was  used  in  the  mechanical 
tests,  which  were  mostly  conducted  by  Professor  Moritz 
Schroeder,  of  Munich. 

Electrical  Measurements. — Of  the  power  given  to  the 
dynamo  machine  by  the  motor,  and  mea-sured  with  the 
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luilp  of  tlie  (lynainoineter,  a certain  portion  in  lost  througli 
friction,  and  the  main  part  converted  into  electric  energy. 
A part  only  of  this  electric  energy,  however,  is  rendered 
u.seful  in  the  external  circuit  for  the  transmission  of  power 
or  illumination,  as  currents  in  the  iron  and  detrimental 
heating  of  tlio  iron  cores,  and  of  the  conductors,  in  conse- 
quence of  the  changes  of  polarity,  cannot  be  avoided.  The 
electrical  tests  are  for  the  purpose  of  ascertaining  what 
proportion  of  the  electrical  enei-gy  is  really  doing  prac- 
tical work.  All  tests  were  carried  out,  so  far  as  pos.sible, 
under  the  ordinary  working  conditions  of  the  dynan\os  ; 
and  whilst  resistances  and  speed  were  varied,  neither  very 
high  resistances  nor  abnormal  speeds  were  tried.  The 
respective  dynamical  and  phot<imetrical  observations  were 
always  made  at  the  same  moment  ; at  first  with  the  help 
of  telephone  signals,  afterwards,  wlien  the  teleplione  cir- 
cuit had  by  carelessness  been  destroyed,  at  certain  signals 
at  every  three  or  ten  minutes. 

The  apparatus  at  the  disposal  of  the  investigators  were 
very  complete  and  of  the  best  quality.  Numerous  cop- 
per and  iron  resistances  were  provided  for  them.  Two 
thick  coi)per  wires  of  7 millimetres  diameter,  supplied  by 
Messrs.  F.  A.  Hesse  Scihne,  of  Heddernheim,  ct)uld  take 
the  strongest  current  of  170  ampferes  without  becoming 
hot.  The  increase  of  temperature  of  the  bare  thinner 
wires  had  previously  been  determined  by  a series  of  ex- 
periments undertaken  by  Professor  Dorn,  to  whom, 
together  with  Professor  Kittler,  fell  the  main  bidk  of  this 
work,  and  to  whom  we  owe  the  very  careful  .and  extensive 
calculations.  This  increment  was  found  to  be  a function 
of  the  square  of  the  current  intensity,  and  the  hot  resist- 
ances stated  in  the  tables  accompanying  this  article,  are  cal- 
culated on  this  assumjition,  which  proved  correct  for  the 
strongest  currents  available.  All  resistance  coils,  cables, 
&c.,  had  been  gauged  and  tested  before  use.  The  great 
rheostat  consisted  of  a wire  network  on  telegraph  poles  ; 
the  whole  of  the  resistances  amounted  to  18  kilometres  (11 
miles)  length  of  wire.  The  resist.ance  determinations 
were  made  with  a great  bridge  of  Messrs.  Siemens  and 
Halske,  and  the  Universal  Compensator,  devised  by  Pro- 
fessor Von  Beetz,  the  President  of  the  test-committees, 
and  one  of  the  main  promoters  of  the  Exhibition.  Current 
intensities  were  measured  with  a Wiedemann  mirror 
galvanometer,  jdaced  in  a shunt  to  a thick  copper  wire  of 
0.4<)  millimetres  diameter,  so  that  only  a small  portion 
passed  through  the  galvanometer  ; this  arrangement  was 
first  suggested,  for  dynamo  tests,  by  Professor  Hagen - 
bach,  and  the  method  yielded  excellent  results  for 
currents  between  one  half  ampere  and  170  ampferes.  The 
respective  derivation  points  were  soldered,  and  the  read- 
ings taken  with  the  aid  of  a telescope.  There  were, 
further,  two  electro-dynamometers  of  Siemens,  and  a 
Deprez  galvanometer,  and  the  results  displayed  a 
remarkable  agreement  between  these  four  instruments. 
Potential  diffei'ences  were  ascertained  with  the  .aid  of  a 
Siemens  torsion  galvanometer,  and  .a  box  of  resistances 
equal  to  100,000  Siemens  units.  The  determination  of 
the  units  w.as  left  to  a sub-committee,  which  agreed  upon 
the  ohm,  ampere,  and  volt : the  ])ractical  resistance  unit  to 
be  the  Siemens  unit,  equal  to  0.0.5  ohm  ; the  ampere,  that 
current  which  in  a minute  deposits  10.7  milligr.ammes 
of  copper  ; the  volt  to  be  derived  as  a product,  1 volt  = 
1 ohm  X 1 ampere.  It  will  be  remembered  that  this 
plan  differs  from  the  method  usually  adopted  which  ob- 
serves the  volts  and  ohms,  and  calculates  the  am|)hres,  .as 

; in  this  latter  case,  the  determin.ation  of  the  dif- 

ohms 

ferences  of  ]>otential  presu])poses  the  most  accurate  know- 
ledge of  the  electromotive  force  of  the  standard  cells  ; 
and  this  system  is  not  so  reliable  .as  the  c.alculation 
based  upon  the  coi)por  weight  deposited  by  the  current. 

The  2’cstsof  Di/niimn  Mach  incs  were  confined  tocontimums 
current  machines,  of  wliich  there  were  two  classes,  dis- 
tinguished by  the  electro-mag7icts  being  i>laced  cither  m 
the  main  citcuit  or  in  .a  branch  circuit.  Below  wo  sum- 
marise shortly  the  foimuhe  employed  to  work  out  the 
experimental  evidence,  fir.st,  for  dynamos  whoso  electro- 
magnets form  part  of  the  main  circuit. 


Let 

Rj  be  the  resistance  of  the  armature. 

Rj  ,,  ,,  ,,  electromagnets. 

R ,,  total  resistance  of  the  dynamo. 

r ,,  external  resistance. 

.1  ,,  total  current  intensity. 

E ,,  ,,  electromotive  force. 

e ,,  difference  of  potentials  at  the  terminals. 
Then  R„  R^,  R,  J,  and  e c.an  be  measured  directly,  and  ?• 
approximately,  by  introducing  wire  resistances  ; this  de- 
termination of  r is,  however,  crude.  As  : 

R=Ri-l-R..and  = — , 

r r-l-R 


we  obt.ain 


E=<;-t-R  J,  andr=^  . 


This  latter  value  represents  the  actual  resistance  of  the 
external  circuit,  or  in  the  case  of  lamps,  the  respective 
wire  resist.ance  to  be  substituted.  The  total  electrical 
work  per  second  will  be  : 


L = E J (in  volt-amperes)  =3 kilog.  metres 


9.81 


per  sec. 


= HP.  German  or  French  = ^—  HP.  English. 

7 ou  7 4(j 

The  external  electrical  work  will  be  l — e J.  If  further  A 
represents  the  power  applied,  as  measured  by  the  dyna- 
mometer, then  the  ratio will  be  the  electrical  efficiency. 


I 


and  -U  the  .absolute  efficiency.  The  latter  quotient  is 

the  most  important  result,  as  it  denotes  the  portion  of  the 
mechanical  power,  absorbed  by  the  dynamo,  which  may  be 
made  useful  for  illununation,  transmission  of  power,  or 

other  purposes.  The  other  quotient,  - ~ is  equal  — ; 

L r-l-R 

.as  any  machine  may  be  worked  with  any  external  re.sist- 
ance,  this  latter  quotient  acquires  signification  only  in 
connection  with  the  other  data. 

The  only  machines  of  the  second  class,  having  their 
electro-magnets  in  a shunt  circuit,  experimented  with  were 
Edison  dynamos.  These  dynamos  are  provided  with  a 
regulator,  which,  by  means  of  resistances  to  be  shunted 
in,  varies  the  electromotive  force.  This  regulator  was  re- 
moved during  the  tests.  If  we  adhere  to  the  above  letters, 
and  further  introduce  Jiasthe  curi-ent  in  the  armature, 
.and  Jo  as  the  current  in  the  electro-m.agnets,  then  we  shall 
.again  be  able  to  measure  Ri,  R.j,  J c,  and  to  calculate  Jo  = 

.and  Ji=J  -1- J.j ; there  results  further  E = c + .Ti  Rj,  and 

the  external  work  f=c  J.  Tlie  electrical  work  in  the 
machine  itself  comprises  the  sum  of  the  heat  evolved  in 
the  armature  and  the  lieat  in  the  electro-magnets,  so  that 
the  total  electrical  work  is  L = c .1  -f  Ji-  Ri-f.U-  lU. 

When  a complete  light  installation  had  to  be  tested,  a 
first  scries  of  experiments  w.as  conducted  with  all  the 
respective  lamps  in  circuit,  one  of  them  being  in  the 
photometer  room.  These  are  the  conditions  of  actual 
working.  All  resistances  having  first  been  determined 
cold,  the  intensity  and  electromotive  force  were 
me.as7ired,  .and  simultaneously  the  photometrical  ob- 
servations were  carried  on.  Those  latter  we  explain 
later.  Then  the  hot  resistance  was  ascertained.  I'ig.  1, 
pageiii.,  illu.strates  the  arr.angements  for  lliese  tests 
and  gives  also  a diagiamm.atic  sketch  of  the  main 
switch  devised  by  Professor  Kittler.  For  a second  seiios 
of  experiments,  all  the  lani|)s  were  rcifiaced  by  wire  re- 
sistances until  the  same  intensity  and  electromotive  force 
were  roattained  ; external  i-esistance  and  s))eed  were  fur- 
ther varied  to  study  the  behaviour  iif  the  tlynamos  umler 
different  circumstances. 

IVo  have  only  a few  remarks  to  add  concerning  the 
lam])  tests,  .as  wo  have  simply  to  deal  hero  with  the 
I>ower  absorbed  and  not  with  tlie  illuminative  olliciency, 
which  will  bo  discussed  later,  as  just  mentioned.  One  arc 
lamp  only,  wo  said,  was  placed  in  circuit,  and  the  others 
j I'eplacod  by  wire  resistances  to  avoid  current  lluctuations. 

I If  current  intensity  . I,  and  difference  of  potential  at  the 
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binding  screws  of  tlie  lam])  e,  are  known,  the  power 
absorbed  by  the  lamp  \ follows  from  \=J  c volt  amperes. 


The  arrangements  for  this  examination  are  illustrated 
in  Fig.  2. 


The  tests  of  incandescence  lamps  proceeded  in  a similar 
way,  but  necessitated  slightly  different  connections,  which 


are  shown  in  Fig.  3.  The  circuit  was  double  ; the  one 
part  comprising  all  lamps  but  one  or  their  equivalent  in  wire ; 


TABLE  I.— Dynamo  Tests. 


Resistance  in  Ohms. 


Current  in  Amperes. 

Arrange- 

ments. 

Cold. 

Warm. 

External. 

Total. 

Machines. 

Total 

Calcul. 

Armat. 

El.  M. 

Machine. 

e 

Inserted 

El.  D. 

El.  D. 

R,. 

Ro. 

R. 

R,. 

R^. 

R. 

j. 

r. 

r+R. 

M.G. 

I. 

II. 

D.G. 

I.  Schuckert 
(for  7 arc 

Wire 

7 lamps + 
wire 

4.915 

6.370 

11.33 

12.87 

40.84 

50.94 

46.34 

59.71 

7.85 

8.03 

7.93 

8.08 

8.07 

7.84 

, 

Lamp  + wire 

13.25 

47.65 

7.G8 

7.77 

7.83 

II.  Schwerd  (for 
5 arc  lamps)' 

4 lamps 
Wire 

1.14 

1.85 

2.97 

3.57 

3.51 

13.45 

12.59 

ii'c9 

16.10 

14.80 

16.05 

14,75 

10.17 

14.73 

10.11 

16.19 

f 

llamp+wire 
3 Crompton 

3.3 

13.50 

10.11 

22.63 

10.15 

16.10 

III.  BUrgin 

lamps 

4.19 

6.99 

11.18 

22.70 

22.58 

(Crompton) 

llamp+wire 

2.14 

1.78 

3.94 

4.30 

10.42 

14.72 

16.34 

16.34 

Wire 

0.785 

0.456 

1.210 

1.218 

7.88 

aoi 

9.10 

12.20 

12.0 

IV.  Schaeffer  I 

(Weston 

type) 

Wire 

0.459 

1.051 

1.498 

1.55 

10.72 

10.93 

12.27 

13.59 

13.88 

t'.  Schoene- 

mann 

(Gramme 

type) 

Wire 

0.633 

0.635 

1.204 

1.292 

6.13 

6.09 

7.42 

8.26 

8.29 

VI.  Edelmann 

Wire 

2.548 

2.492 

5.033 

5.17 

14.56 

14.81 

19.73 

4.18 

4.17 

VII.  Edelmann  ) 
(compound) )' 
Einstein 

Wire 

3.274 

4.717 

7.994 

8.29 

15.39 

14.81 

23.68 

3.23 

3.21 

3.27 

Wire 

1.516 

2.150 

3.620 

3.73 

12.79 

12.75 

16.52 

4.81 

4.82 

4.84 

TABLE  I. — continued. 


Machines. 

Electromotive  Force. 
Volts. 

Speed. 

Electrical  Effect. 

Power 
Transmitted 
A.  HP. 

Ratios.  Percent. 

External. 

1. 

Total. 

L. 

1 

L 

1 

A 

1 

€. 

E. 

e3. 

IIP. 

E J. 

HP. 

367.6 

408  0 

799 

2885 

3.92 

3678 

5.00 

0 09 

78.5 

G4.4 

82.0 

I..I 

408.9 

855 

3284 

4.46 

6.66 

67.4 

. 

366.0 

407.8 

800 

2811 

3.82 

3593 

4.88 

5.30 

78.2 

72.07 

92.1 

' 

199.0 

251.8 

992 

2945 

4.00 

3728 

5.0G 

5.95 

79.0 

67.3 

85.1 

II., 

202  1 

258.4 

1025 

3244 

4.41 

4148 

5.64 

6.14 

78.2 

71.8 

91.8 

217.4 

270.6 

1099 

3503 

4.76 

43.59 

5.92 

7.17 

80.3 

GG  4 

82.6 

< 

158.1 

252.9 

1622 

3578 

4.86 

5724 

7.78 

8.83 

62.5 

55.0 

88.1 

III.- 

170.0 

240.2 

1.500 

2778 

3.7H 

3926 

5.34 

6.00 

70.7 

63.0 

88.9 

96.1 

110.0 

1397 

1174 

1.59 

1356 

1.84 

86.  G 

IV. 

145.8 

166.9 

802 

1981 

2.69 

2269 

3.08 

87.3 

V. 

50.65 

61.32 

1195 

418 

0.568 

507 

0.688 

1.50 

82.5 

37.9 

4,5.9 

• VI. 

60.89 

82.^9 

1518 

255 

0.340 

345 

0.469 

1.02 

73.8 

33.9 

45.9 

VII. 

49.74 

70.53 

1401 

160.8 

0.219 

247.4 

0.336 

0.93 

65.0 

23.5 

36.2 

VIII. 

61.6 

79  6 

802 

296 

0.403 

383 

0.520 

2.00 

77.4 

20.1 

26.1 

IV 
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ami  tlie  other  the  great  rheostat,  the  torsion  galvanometer, 
the  mirror  galvanometer,  and  the  one  lami)  to  be  tested. 
This  arrangement  pennitted  of  taking  easy  measurements 
at  different  light  intensities,  and  was  considered  by  the 
Committee  an  imimovement  upon  the  method  of  the  i 
connate  tests  at  Paris. 

The  official  reports,  .although  filling  a portly  quarto 
volume  of  one  hundred  and  fifty  pages,  give  the  complete 
data  of  one  machine  only  ; if  the  Committee  had  at- 
tempted to  pl.ace  before  the  reader  all  their  original 
observations,  their  reports  would  have  assumed  quite 
.abnormal  dimensions.  The  one  machine  alluded  to  was 
a Schuckert  dyn.amo  ; more  than  fifty  readings  were  taken 
at  all  instruments,  the  greater  number  of  them  at  given 
signals.  Only  those  figures  which  represent  the  results 
of  simult.aneous  tests  in  different  portions  of  the  system 
were  m.ade  use  of  for  the  calcul.ations.  The  two  Tables  ' 
which  we  subjoin  are  of  a most  condensed  character. 
We  greatly  regret  to  be  obliged  to  confine  ourselves  to  so 
short  a summary ; a reprint  in  extcnso  is,  however,  out 
of  the  question. 

The  first  Table,  I.,  deals  with  machines  whose  electro- 
magnets form  part  of  the  main  circuit.  Most  of  the  columns 


whole,  be  acknowledged  that  the  engineer  who  is  chiefly 
interested  to  know  what  percentage  of  the  power  expended 
he.  gets  back,  will  be  less  satisfied  with  these  tests,  than 
the  electriciiin  upon  whose  amperes  and  ohms  every  pos- 
sible care  was  bestowed. 

We  cannot  here  enter  into  the  theoretical  analysis  to 
which  Professor  Dorn  further  subjected  the  experimental 
results  in  order  to  test  Dr.  Froelich’s  well-known  theory 
of  the  dynamo  machine,  which  theory  mainly  re.sts  on  the 
experience  gained  with  Siemens’  generators.  A few  words 
will,  however,  suffice  to  elucidate  the  nature  of  this 
analysis.  Dr.  Froelich  plots  two  curves  for  e.ach  machine  ; 
first,  the  curve  of  effective  magnetism  constructed  with 
the  current  intensities  as  absciss®  ; and  the  quotient  of 
the  total  electromotive  force  divided  by  tlie  number  of 
I’evolutions,  as  ordin.ates.  This  effective  magnetism  soon 
attains  its  maximum  with  an  increasing  current,  rises,  there- 
fore, slowly  when  near  its  maximum,  and  ought  to 
decrease  .ag.ain  slowly  as  the  current  still  continues  to 
augment.  As  most  generators  work  at  relatively  high 
current  intensities,  the  curve  of  effective  maximum  will 
soon  become  almost  a horizontal  line.  Tlie  second  curve 
is  the  current  curve,  whose  ordinates  are  represented  by 


TABLE  II. — Dyn.\sio  Tert.s. 


JlACniNES. 

Resistance  in  Ohms. 

Current  in 

Amperes. 

E.U.F. 

Cold. 

Hot. 

External. 

E.xternal  Circuit. 

Machine. 

Volts. 

Volts. 

Armat. 

Hi- 

El.  Mg. 
R-2. 

Hi. 

1 Hi- 

C.alcul. 
e J. 

Inserted. 

r. 

.M.G. 

El.  D.  El.  D. 
I.  II. 

Armat. 

Ji. 

El.  Mg. 
J2. 

e. 

E. 

I.  Edison  K (250  A lamps) 

0.0361 

13.82 

0.0416 

13.84 

1.298 

100.6 

..  , .. 

IIO.O 

9.4 

130.6 

135.2 

II.  Edison  Z (00  A lamps) 

0.142 

40.1 

0.161 

40.5 

4.55 

27.()7 

27.9  27.7 

30.77 

3.10 

125.8 

130.7 

III.  Edison  E(17Alanips) 

0.338 

88.7 

0.383 

90.0 

12.75 

12.88 

8.89 

8.98  8.93 

10.15 

1.26 

113.3 

117.2 

TABLE  II. — continued. 


M.miuNES. 

Electrical  Effect. 

Speed. 

Power 

Trans- 

mitted. 

A 

HP. 

Katio  Percentag’es. 

External. 

1. 

In  Armature. 

Electro-Magnets. 

Total. 

L. 

1 \ 1 
L ! A 

L 

A 

1 

A — 2 19  A 

Volt.  Amp.  HP. 

VA. 

HP. 

VA. 

HP. 

VA.  IIP. 

1 

I. 

13,130  17.84 

504 

0.08 

1231 

1.67 

14,870  20.20 

914 

88.4 

II. 

3,480  4.73 

1.52.2 

0.207 

390.2 

0..530 

4,0221  5.47 

1107 

8.83 

86.5  53.5 

61.9 

71.2 

III. 

1,007  1.309 

39.5 

0.054 

142.7 

0.194 

1,190  1.616 

2409 

2.98 

84.7  45.9 

54.2 

* 

_L__ 

— ii9 


82.3* 


* Tins  is  the  case  above  alluded  to;  the  empty  run  absorbed  as  much  as  2.19  HI’.,  which  extraordinarily  high  figure  was 
probably  due  to  a very  stiff  belt.  It  .appears  that  if  suitable  deduction  had  been  made  on  this  account,  tlie  efficiencies  L 

A 


and  li  would  have  risen  by  about  20  per  cent. 
A 


require  no  further  explanation  ; the  second  column  refers 
to  the  te.sts  of  complete  light  installations,  specifying 
whether  the  current  had  to  feed  the  actual  lamps  or  an 
equivalent  of  wire  resistance.  The  two  sub-columns  of 
the  fourth  vertic.al  row  demonstrate  the  great  exactness 
with  wiiich  this  substitution  could  be  effected.  We  read, 
for  instance,  in  the  top  horizontal  row,  “external  resistance 
calculated  r=4(i.84  ; and  inserted  4(!..‘14.”  The  very  close 
agreement  of  the  four  instruments  indicating  current  in- 
tensities, is  also  very  striking.  These  were  the  Wiedemann 
mirror  g.alvanometer  M.G.,  Phg.  1,  two  Siemens  electro- 
dynamometers  El.  D.  I.  and  El.  I).  If.,  and  a galvano- 
nieter  of  M.  Deprez  D.IJ.  The  L,  /,  A liavo  alre.ady 
been  explained  ; also  the  e,  difference  of  jrotential  .at  the 
terminals,  and  E tot.al  electromotive  force.  We  have  to 
iroint  out  th.at  no  deductions  wore  made  for  running  the 
machine  empty.  This  is  all  tire  more  to  be  regretted  as 
in  the  only  case  when  the  resiiectivo  .allowance  for  the 
cmirty  run  w.as  determined,  the  efficiency  iiercentages 
assumed  considerably  higher  values.  It  must,  on  the 


the  current  intensities,  whilst  the  .absciss®  dei>cnd  ui)on 
the  quotient  of  speed  divided  by  the  total  resistance.  Dr. 
I lorn  found  that  all  machines  gave  remarkably  regular 
curves,  the  current  curves  being  almost  straight  lines  ; 
the  Burgin,  Schaeffer  and  Schoeneniann  machines 
yielded  particularly  fine  curves.  The  theory  i>f  Dr. 
F'roelich  concerns  only  the  generators,  whoso  electro- 
magnets are  included  in  their  main  circuit,  such  as  tlio 
machines  of  Table  I.  .\  complete  theory  of  the  genera- 
tors whose  electro-magnets  are  placed  in  a shunt  circuit, 
has  not  yet  been  written,  and  the  INIunich  experiments 
are  not  conqiletf!  enough  to  establish  a law.  It  appears  to 
be  shown,  however,  that  the  total  magnetism  acting  ui)on 
the  armature  is  a linear  function  of  the  current  in  tlie 
electro-magnets  ; and  the  agreement  between  the  current 
v.aluos  derived  from  a formula  baseil  upon  this  assunqi- 
tion,  and  the  experimental  data  of  the  two  light  F.dison 
machines,  which  were  subjected  to  a special  series  of 
trials,  is  so  remarkable  that  wo  will  add  the  two  respec- 
tive Tables. 
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Edison  K,  foi-  250a  lamps. 

J calculated  : 100.5— 107.0— 123.7— 142.8— 1.57.0— 108.4 
observed  : 100.0— 107.2— 123.2— 142.5-1.57..5— 100.3 
Edison  Z,  for  (iOA  lamps. 

J calculated  : 27..57— 30.14 -31.42— 34.22— 30.30-37.85 
observed  : 27.07—30.12—31.42—34.31—30.31—37.00 

Transmission  of  Power. — The  experiment  of  M.  Deprez 
has  been  discussed  so  widely  and  by  so  many  various  pens 
in  the  scientific  and  technical  i)ress,  that  another  notice 
in  these  columns  might  be  dispensed  with.  The  otRci.al 
reports  issued  by  the  Committee  who  watched  over  the 
experiment,  deserve,  however,  due  consideration,  and 
our  abstract  would  be  incomplete  in  an  important  part 
if  we  omitted  all  mention  of  it.  We  shall,  therefore, 
place  the  data,  as  they  are  given  by  Professor  Dorn,  once 
more  before  our  readers. 

The  distance  from  Mies.sbach  to  INIiinich  is  .57  kilo- 
metres, or  35  miles.  Both  lines  were  ordinary  telegraph 
wire  of  !)50.2  ohms  total  line  resistance,  and  proved  at  a 
preliminary  test,  conducted  by  Professor  Kittler,  to  be 
well  insulated.  The  primary  niiichine  at  Miessb.ach  had 
a resistance  of  4.53.1  ohms.,  the  secondary  machine  at 
Munich  453.4  ohms.  A control  te.st  of  the  resistance, 
Munich  -f  line,  gave  1407  ohms.  Further  observations 
could  not  be  taken  on  the  first  day,  October  i),  1882,  as 
the  Munich  machine  refused  to  start.  Nor  did  the  ex- 
periments commence  more  successfully  on  the  second  day; 
and  whilst  various  expedients  were  tried  to  ascertain 
the  source  of  the  disturbances,  the  Munich  dynamo 
suddenly  started,  just  when  the  galvanometer  there  was 
out  of  circuit,  so  that  in  the  only  useful  series  of  tests 
no  current  measurement  could  be  taken  at  Munich.  When 
the  speed  at  Miessbach  was  raised  to  2000  revolutions,  the 
secondary  machine  again  failed  ; nor  would  it  work  pro- 
perly afterwards.  Several  other  disturbing  influences  are 
to  be  mentioned.  The  Munich  machine  was  not  pro- 


perly bolted  down,  and  the  Von  Hefner  Alteneck  dynamo- 
meter . as  we  pointed  out  above,  was  not  adapted  for  mea- 
surements of  small  power  at  high  speeds.  The  latter 
defect  may  irrobably  account  for  the  altogether  inadmis- 
sible result  th.at  the  total  electrical  work  (1.131)  appeared 
to  be  greater  than  the  power  absorbed  at  Miessbach  (1.055). 
An  observation  error  of  le.ss  than  one  division  of  the  scale 
would  have  sufficed  to  make  this  anomaly  disapiiear. 
It  is  of  course  manifest  that  under  these  circumstances 
the  whole  power  tests  are  of  a dubious  value ; and  our 
readers  will  be  contented  if  we  annex  the  means  of  the  six 
observations  taken  duT'ing  the  h.alf  hour  over  which  this 
only  complete  experiment  extended. 

The  speed  of  the  primary  machine  at  Miessb.ach  was 
1()08 ; of  the  secondary  at  Munich,  712  ; the  power 
absorbed  at  Miessbach  A = 1.055  horse-power  ; that 
rendered  at  Munich  Ai  = 0.235  ; therefore  the  ratio 


Ai 

A 


= 22.1  per  cent. 


The  currrent  J amounted  to  0..527 


ampere ; the  difference  of  potential  at  Munich  E-j= 
843  volts  ; at  Miessbach  Ei  = Eo-t-!).50.2  J = 1344  volts  ; the 
externad  electrical  work  of  the  primary  machine  Ej  J = 708 
volt  amphres  = 0.951  horse-power;  the  total  electrical  work 
Pli.J -I- J'-^  X 4.53.1  = 833  volt  ampbres  = 1.131  horse-power. 
There  had  to  be  deducted  for  the  heating  of  the  circuit 
1855.7  J-  = .515  volt-ampferes  = 0.700  horse-power,  leaving 
disposable  for  actual  transmission  of  power  317  volt- 
ampferes  = 0.431  horse- power,  or  38.1  per  cent,  of  the  total 
electrical  work,  of  which  available  energy  there  could  be 
only  rendered  useful  at  Munich  54.5  per  cent.  These 
54..5  per  cent,  of  the  energy  which  did  perform  work  at 
Munich  constitute  20.8  per  cent,  of  the  total  electrical 
work  expended,  the  latter  amounting  to  833  volt-amperes. 
It  will  be  in  the  recollection  of  our  readers  that  a some- 
what indiscriminate  use  was  made  immediately  after  the 
experiment  of  these  various  percentages,  by  some  of  our 
French  contemiioraries. 


THE  HISTORY  OF  PHOTOMETRY. 

The  second  part  of  the  report,  viz.,  Photometrical  Tests,  is  preceded 
by  an  Historical  Sketch  on  Electrical  Photometry,  by  Dr.  H.  Kruess. 


Photometry  is  a subject  which  has  developed  with  the 
electric  light.  Formerly  it  did  not  appear  to  offer  any 
great  difficulties,  and  it  has  consequently  been  treated 
somewhat  superficially  in  our  text-books  of  science.  P'or 
the  electrician,  jihotometry  has  a twofold  importance  ; 
the  function  of  the  photometer  is,  firstly,  to  show  what 
quantity  of  light  a certain  lamii  supplies,  so  that  its 
economy  may  be  judged  ; and,  secondly,  to  demonstrate 
the  relations  between  the  light  produced  and  the  other 
forces  at  work  in  a given  system  of  machines  and  lamps. 
It  was  only  when  this  latter  point  became  better  under- 
stood that  photometers  began  to  engage  the  attention  of 
the  electrician. 

The  first  photometric  tests  generally  referred  to  in  text- 
books of  science,  are  those  of  Fizeau  and  Foucault,  of 
1843.  It  must,  however,  be  borne  in  mind,  that  what 
these  eminent  French  scientists  originally  measured,  is 
not  that  which  really  interests  us  at  piesent  in  such 
experiments  ; the  decomposition  of  an  iodine  and  silver 
combination,  by  means  of  light  from  various  sources,  indi- 
cates the  chemical  intensity  of  the  rays,  but  not  the  i 
optical  intensity.  The  surprisingly  low  chemical  in-  : 


tensity  of  the  lime  light  caused  MM.  Fizeau  and  I’mi- 
cault  to  repeat  their  experiments,  in  order  to  determine 
the  optical  energy  ; and  the  agreement  of  the  new  and 
old  figures  suggested  to  them  that,  for  white  light,  the 
two  determinations  might  practically  be  rejilaced  by  the 
one  which  is  more  convenient,  that  is  the  chemical  test.  It 
is  evident,  however,  .and  needs  no  further  .support  in  these 
days,  when  we  photograph  the  invisible  ultra  violet 
spectrum,  that  chemical  tests  cannot  be  relied  upon  ; and 
that  photometers  like  Becquerel’s  electro-chemical  acti- 
nometer,  or  Siemens’  selenphotometer,  cannot  measure 
the  illuminative  power  of  a source  of  light,  however  jjer- 
I feet  and  ingenious  they  may  be  in  other  respects.  We 
I have  still  to  depend  upon  the  jibysiological  action  of  the 
light  rays  upon  the  retina  of  our  eye,  untrustworthy  as 
this  evidently  is,  since  different  observers  .are  not  equally 
sensitive  to  the  same  degree,  nor  even  the  same  observer 
so  at  all  times. 

The  photometrical  rese.arches  of  Th.  W.  Casselmann, 
of  Mai'burg,  are  of  interest  for  the  electrician,  because 
they  included  the  electric  light,  because  they  were  prior 
to  those  of  Fizeau  and  Foucault,  and  because  in  them 
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there  was  first  introduced  Bunsen’s  iihotometer,  in  favour 
of  which  Cassehnann  decided  against  Bitchie  and 
Kuinford. 

No  accurate  tests  api)ear  to  have  taken  place  after  that 
before  1855,  when  MM.  Lacassagne  and  Tliier.s  tried 
tlieir  electric  lainp.s  at  Lyons.  M.  Edmond  Becquerel 
reported  on  those  trials  to  the  Socidte  d'Kncourageinent 
of  Baris,  and  this  report  led  to  a contest  between  the 
interested  parties,  as  Becquerel  estimated  the  intensity  at 
350  candles,  whilst  the  manufacturers  claimed  000  and  ' 
more.  This  contest  was  of  importance,  because  the  real 
point  was  the  question  of  ex]>ense.  Scarcely  any  tests  of 
real  scientific  value  were,  however,  undert.aken  before  the 
Alliance  magneto-electric  machines  in  France,  and  those 
of  Mr.  Holmes  and  others  in  England,  attracted  atten- 
tion. Then  difficulties  cropped  up  everywliere,  and  the 
main  problem  has  not  been  solved  up  to  the  present  day. 
Neither  the  French  bec-carcel,  nor  the  English  standard 
candle,  nor  the  German  candle,  can  be  considered  as 
normal,  as  they  are  all  variable ; this  is  strikingly 
evidenced  by  the  fact  that  the  ratios  between  the  dif- 
ferent standards,  as  stated  in  text-books,  do  not  agree. 
Many  proposals  have  been  made.  MM.  Kudorff,  and 
Methuen  suggested  that  the  middle  part  of  a Hame,  as 
more  steady  than  the  flickering  top  and  the  lower  zones, 
ought  to  be  observed  ; Mr.  \^ernon  Harcourt  and  others 
pro])osed  to  burn  mixtures  of  air  and  norm.al  gases,  and 
the  former  gentleman  exhibited  a neat  normal  lamp  of 
about  three-c.andle  power,  at  the  Southport  meeting  of  the 
British  Association.  But  these  devices  were  mostly  too 
delicate  and  complicated;  and  Mr.  Louis  Schwendler,  one 
of  the  many  electricians  whose  deaths  we  have  lately  had 
to  lament,  ijerhaps  made  the  mo.st  practical  suggestion  in 
once  more  drawing  attention  to  Mr.  .1.  W.  1 )raper’s  idea 
of  using  a fine  jdatinum  wire,  heated  by  a constant  cur- 
rent. Schwendler’s  units  are  sheet  platinum  horseshoes, 
.017  millimetre  thick  ; but  these  again  are  open  to  objec- 
tions, as  we  shall  find.  If  we  return  to  our  historical 
abstract,  we  find  M.  Tresca,  in  1876,  experimenting  with  a 
Foucault  photometer,  a modification  of  Kumford's  instru- 
ment, which  is  largely  employed  in  France,  and  comprises 
a milk  glass  disc,  whose  two  halves  are  illuminated  by 
the  lamp  to  be  examined  and  the  standard  candle  respec- 
tively. Tresca  experienced  difficulty  from  the  different 
colours  of  the  lights,  and  interposed  tinted  glasses  before 
them.  Very  instructive  were  tlie  tests  at  the  South  Fore- 
land lighthouses,  conducted  by  Messrs.  Tyndall  and 
Douglass,  and  fully  described  in  the  Trinity  House 
Repoi't,  1876-77.  The  electric  lights  were  coinjiared  to 
a powerful  colza-oil  lamp,  kept  as  nearly  as  possible  con- 
stant at  722  standard  candles ; this  comparison  was 
effected  by  a Bunsen  photometer,  the  colza  lamp  being 
again  controlled  with  the  help  of  a Sugg  idiotometer. 
As  the  arc  itself  emits  very  little  light  while  the  greater 
part  comes  from  the  negative  carbon,  and  a smaller 
.amount  from  the  [jositive,  the  necessity  arose  of  taking, 
even  with  the  two  carbons  vertically  above  one  another, 
observations  in  various  horizontal  planes  ; IM.  Allard  has 
further  pointed  out  that  even  the  various  points  of  the 
vertical  jdane  of  the  normal  candle  do  not  emit  equal 
quantities  of  light.  The  report  on  his  very  extensive 
te.sts  at  the  French  lighthouses  to  the  French  Ministry 
(“  Memoire  sur  les  Bhares  Electriques,”  I’aris,  1881), 
forms  a very  valuable  contrilmtion  to  the  literature  on 
photometry.  M.  Fontaine’s  observations  on  the  Gramme 
machines  and  Serrin  lamps,  described  in  his  “ Eclairageii 
I’Electricite,”  2nd  edition,  1876,  also  deserve  mention  for 
their  conqdeteness.  Both  MAI.  Allard  and  Fontaine 
used  Foucault’s  photometer,  and  suggested  ways  to  arrive 
at  mean  values  with  very  unsteady  lamps;  these  jiro- 
)>osals  are,  however,  hardly  of  practical  weight,  nor  could 
M.  Allaril’s  idea  of  verifying  his  figiires,  with  the  hel])  of 
a Crookes  radiometer,  contribute  much  to  their  corrobo- 
ration, as  this  comes  scarcely  within  the  fmictions  of  a 
radiometer.  Foucault’s  photometer  was  likewise  em- 
jiloyed  when  MM.  Sautter,  Lemmonier,  and  Co.,  of 
Baris,  were  testing  their  ])hoto-electric  a])par,atus  for 
military  oi)crations,  the  lamps  being  supplied  with 
Colonel  Alangin’s  aplanatic  reflector  ; green  glasses  wore 
also,  in  this  case,  interposed  to  equalise  the  colours. 


A similar  arrangement  was  adopted  at  Rouen  in  1881, 
when,  on  behalf  of  the  Societe  Industrielle,  the  systems 
of  Jablochkoff,  Gramme,  and  Siemens  were  subjected  to 
a series  of  comparative  te.sts.  Here,  again,  a Foucault 
j)hotometer  was  used,  together  with  the  ordinary  bec- 
carcel,  and  the  silvered-glass  mirror  to  make  the  rays 
parallel.  The  loss  from  reflection  was  a\’eraged  at  30  per 
cent.  ; the  observations  were  made  at  various  distances, 
and  a determination  was  made  of  the  radius  of  that  hori- 
zontal plane,  which  received  the  same  quantity  of  light 
as  a normal  candle  could  supidy  at  a distance  of  about 
4 m.  This  was  a step  in  the  right  direction  ; the  report, 
“Rapport  gener.al  sur  I’Eclairage  Electrique  des  (^uais 
de  Rouen,”  1881,  shows  curves  drawn  to  indicate  by 
their  oi'dinates  the  light  falling  upon  the  horizontal 
plane. 

The  municipality  of  Baris  had  for  some  years  instituted 
annu.al  tests  of  the  Jablochkoff  candles  in  the  Avenue 
de  rOpera,  which  tests  finally  induced  them  to  abandon 
those  apparatus.  Tlie  Jablochkoff  candles  shed  their 
maximum  light,  of  course,  in  the  plane  perpen- 
dicular to  the  line  drawn  through  both  candles  ; the 
minimum  in  this  line  was  found  to  be  0.57  of  tli6  maxi- 
mum ; the  mean  intensity,  hiiwever — not  the  mean  be- 
tween maximum  and  minimum — was  equal  to  .9  of  the 
maximum,  as  the  intensity  curve  proved  to  be  of  the 
shape  of  a figure  8,  and  not  an  ellipsis.  It  also  trans- 
pired that  the  air  was  less  tr.ansparent  to  the  red  light  of 
the  Jablochkoff  candles  than  to  the  gas  rays. 

The  well-known  experiments  at  Chatham  of  1879  and 
1880  ought  to  have  been  mentioned  before  this.  The 
apparatus  compri.sed  a Rumfurd  photometer  and  an 
Argand  burner  of  40  candle-power,  with  a Sugg’s  regu- 
lator. Bhotographs  were  taken  at  the  same  moment  of 
the  front  and  sides  of  the  carbons,  and  the  illuminated 
areas  calculated  from  these  photographs.  The  average 
illumination  of  a point  \vas  further  derived  from  these 
calculations,  under  the  questionable  assumption  that  the 
light  was  evenly  distributed  over  the  whole  plane. 

We  have  already  spoken  of  the  difficulty  which  was 
met  with  in  comparing  lights  of  different  colours.  The 
method  of  action  of  the  ether  vibrations,  which  excite 
our  optic  nerves  and  cre.ate  the  .sensation  of  sight,  is  un- 
known to  us  ; but  we  know  that  this  function  depends 
upon  the  wave  lengths  of  the  rays.  M.  Burkinje  has 
shown  that  two  coloured  planes  which  appe.ar  equally 
light  at  a certain  distance,  seem  to  lose  their  light  in  a 
different  ratio  if  further  removed  from  the  eye.  Two  lights 
of  different  colour  are  therefore  incommensurable.  Mr. 
Dietrich  has  recently,  with  more  perfect  apparatus,  re- 
peated the  tests  by  means  of  which  F’raunhofer  attempted 
to  determine  the  illuminative  power  of  the  various  parts 
of  the  spectrum,  whose  lines  he  so  assiduously  studied 
and  noted,  without  in  the  least  conceiving  their  character 
and  importance.  Fraunhofer  had  only  an  oil  lamp  at  his 
dispos.al ; and,  just  as  we  should  expect,  he  was  wrong  by 
about  9 per  cent,  with  reference  to  the  r.ays  from  the  line 
1)  in  the  yellow,  as  hero  the  two  lights  were  mo.st  homo- 
geneous, but  wrong  by  00  per  cent,  when  analysing  the 
rays  from  lines  B,  G,  and  II.  Spectrophotometric  ob- 
servations, such  as  first  proposed  by  Vierordt,  Gian,  and 
others,  may  bo  perfected  to  a high  degree  of  conqiarative 
accuracy  ; if  we  arrange  the  two  spectra  to  bo  compared, 
above  one  another,  and  divide  both  by  vertical  lines  into 
bands  of  one  and  the  .same  tint,  we  may  indeed  achieve 
very  exact  measurements.  But  this  can  only  bo  executed 
in  the  laboratory,  and  not  in  ordinary  practice ; while, 
after  all,  it  yields  only  comparative  values  for  the  vario\is 
colours. 

Tinted  glasses  have  often  been  employed  to  produce 
r.ays  of  eipial  colour  ; but  such  interposition  means  loss. 
Captain  Abney  conceived  the  interesting  idea  of  watch- 
ing lights  through  a photographically  prepared  glass 
plate  with  a scale  of  darker  and  darker  bands,  through 
the  darkest  of  which  even  the  sun  was  not  visible.  But 
in  the  dark  the  eye  gets  slowly  capable  of  distinginshing 
det.ails  which  w'ere  at  first  (piite  indi.scernible.  Further 
researches,  moreover,  convinced  Captain  Abney  that  the 
ratio  between  red  and  blue  in  the  same  electric  lamp, 
varied  very  considerably  as  the  speed  of  the  generator  in- 
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creased,  so  that  the  rod  rays,  which  originally  were  half 
as  strong  as  the  blue  ones,  finally  i)ossessed  only  one- 
fourth  of  the  intensity  of  the  blue,  both,  of  course, 
increasing  in  intensity  with  the  quicker  revolutions. 
Trofessors  Ayrton  and  Perry  followed  Captain  Abney  in 
making  two  series  of  tests,  choosing,  however,  red  and 
green  lights,  instead  of  red  and  blue.  The  difficulty 
remains,  however,  how  really  to  compare  and  reduce  to 
unit  measurements  those  two  sets  of  results.  M.  Crova 
(“  Comptes  Rend.”  xciii.  p,  512)  went  one  step  further 
in  this  direction.  He  watched  the  two  half-discs  of  a 
Foucault  photometer  by  means  of  two  Nicol  prisms,  with 
their  main  sections  vertical  to  one  another,  and  between 
the  pivots  he  put  a quartz  plate  of  9 millimetres  thick- 
ness. If  the  two  lamps  are  placed  in  their  proper  positions 
both  discs  ai>pear  of  a greenish-white  tint,  and  may  then 
easily  be  adjusted  until  equal  illumination  is  attained. 
The  theory  of  this  apparatus  is  too  complicated  to  be  dis- 
cussed here  ; the  main  point  is  that  the  quartz  is  designed 
to  jiroduce  two  broad  interference  bands  towards  the  ends 
of  the  spectra  ; in  the  middle  parts  the  intensity  of  the 
rays  varies,  but  there  must  be  one  line  at  which  the  rays 
pass  through  the  pivots  without  becoming  weakened.  This 
maximum  of  illumination  is  now,  by  adjustment  of  the 
second  pivot,  to  be  fixed  at  those  rays  whose  comparison 
would  yield  the  same  result  as  that  of  the  total  intensities. 
The  apparatus  is  ingenious,  but  in  seeking  for  the  districts 
of  equal  illumination  in  the  two  spectra,  it  presumes  that 
the  spectro-photometer  received  equal  amounts  of  light 
from  both  sources,  which  anticipates  the  solution  of  the 
problem. 

The  newer  photometers  of  both  M.  Cornu  and  Pro- 
fessors Ayrton  and  Perry,  permit  measurements  of  strong 
electric  lamps  being  taken  in  small  rooms  without  the 
awkward  necessity  of  removing  the  lamps  to  great 
distances  to  bring  them  into  comparison  with  the 
standard  candle.  M.  Cornu  intercalates  between  the  rays 
of  both  lights  an  achromatic  lens  whose  active  aperture 
may  be  widened  or  lessened  with  a micrometer  screw,  and 
thus  varies  the  quantity  of  light  falling  upon  the  photo- 
meter. Apparatus  of  this  kind  have  often  been  thought 
of  ; the  star  jihotometers  of  Steinheil  and  Herschel  are 
based  upon  the  same  principle.  Messrs.  Ayrton  and 
Perry,  in  their  dispersion  photometer,  use  a concave  lens 
to  decrease  the  intensity  of  the  rays.  No  loss  of  light  was 
supposed  to  occur  through  absorption  in  this  concave  lens 
if  it  were  only  thin  enough.  Mr.  Voller,  of  Hamburg, 
has,  however,  taken  exception  to  this  assumption,  and 


pronounced  the  possibility  of  losses  of  10  per  cent. ; and 
Messrs.  Ayrton  and  Perry  seem  afterwards  to  have  silently 
admitted  this  source  of  error  by  introducing  a plane 
I>arallel  glass  plate  between  the  screen  and  the  standard 
candle,  to  weaken  the  intensity  of  the  light  standard. 
The  losses  through  absorption  in  the  air.  Professors 
Ayrton  and  Perry  observed  to  be  strongest  for  green 
light.  MM.  Bouquer  and  Allard  have  further  investi- 
gated the  phenomena  of  absorption  in  air  ; the  coefficients 
vary  greatly  with  the  conditions  of  the  air,  but  they  are 
su  fficiently  determined  to  show  that  in  tests  wliere  the  strong 
lamp  is  50  metres  distant  from  the  screen,  a loss  of  about 
4 per  cent,  has  to  be  taken  into  consideration. 

We  have  finally  to  speak  of  the  labours  of  the  third 
section  of  the  Congress  at  Paris  in  1881.  The  candle 
found  practically  no  advocate,  although  Dr.  Werner 
Siemens  declared  that  a good  candle  need  not  vary  by 
more  than  5 per  cent.  MM.  Tschikoleff  and  Bbde  stood 
up  for  Schwendler’s  platinum  unit,  but  M.  Crova  objected, 
because  platinum  had  no  constant  molecular  structure 
and  consequently  no  constant  emissive  ijower ; small 
differences  of  temperature  would  further  lead  to  inexact 
figures.  M.  Violle  recommended  the  use,  as  a unit,  of 
the  quantity  of  light  radiated  by  one  square  centimetre 
of  pl.atinum  at  melting  point.  MM.  Werner  Siemens 
and  Cornu  assented,  but  preferred  silver.  Sir  William 
Siemens  proposed  an  iridium  wire  under  the  influence 
of  the  unit  of  current.  MM.  Neujean  and  Flamache 
caused  slight  surprise  by  praising  the  magnesium  and 
lime  lights.  For  want  of  anything  better,  the  old  bec- 
carcel  was  finally  left  in  office,  although  M.  J.  Dumas 
pronounced  it  too  weak.  The  discussions  on  photo- 
meters were  less  warm.  M.  Bergb  made  the  curious 
proposal  to  remove  the  lamp  until  a white  screen  would 
no  longer  be  visible  through  a solution  of  sulphate  of 
copper  ammonia.  The  great  jjroblem  of  what  to  do  with 
reference  to  the  various  colours  also  remained  unsettled. 
M.  Allard  suggested  the  creation  of  a blinking  effect,  as 
then  all  colours  would  dissolve  into  one  uniform  grey, 
and  Dr.  Gladstone  proposed  the  employment  of  long  dis- 
tances across  which  the  differences  of  colours  would  dis- 
appear. The  proposal  of  M.  Rousseau  that  ffir  each  lamp 
the  equation  of  the  intensity  curve  J =/  (a)  should  be 
calculated  was  warmly  supported  and  accepted.* 

* Since  the  date  of  this  report  the  Paris  Congress  has 
decided  that  a surface  of  one  square  centimetre  of  melted 
platinum  shall  be  the  standard  of  light. 


PHOTOMETRICAL  TESTS. 


The  programme  for  Section  IV.,  Photometry,  had  been 
arranged  by  Professor  E.  Voit,  of  Munich,  Dr.  Hugo 
Kruess,  of  Hamburg,  and  Dr.  Bunte,  of  Munich.  This 
Committee  agreed  upon  the  English  spermaceti  candle  as 
the  light  standard,  this  being  of  all  standards  proposed 
by  far  the  most  largely  used.  As  these  candles  are,  how- 
ever, not  perfect  as  to  constancy,  the  standard  candle 
served  only  for  the  preliminary  tests  to  regulate  the  flame 
of  a one-hole  soapstone  gas  burner  of  1 millimetre  orifice 
fed  by  a gas  meter.  Both  these  sources  being  thought  too 
weak  for  powerful  lamps,  an  Argand  burner  was  em- 
ployed in  the  incandescence  lamp  tests,  and  a Siemens 
regenerative  gasburner  of  100  candles  for  the  arc  lamps  ; 
the  Argand  burner  was,  however,  afterwards  discarded. 


The  question  of  the  photometer  to  be  selected  was  settled 
upon  the  principle  of  excluding  all  physical  and  chemical 
apparatus  ; of  the  physiological  photometers  left.  Rum- 
ford’s  was  rejected  as  not  exact  enough  ; Foucault’s  be- 
cause of  the  difficulty  exjierienced  in  equalising  the  two 
halves  of  the  different  tinges  of  the  screen,  and  further, 
because  it  necessitates  the  shifting  of  either  of  the  two 
lights  ; and  a Bunsen  photometer  of  Professor  Ruedorf’s 
modified  type,  having  its  screen  in  the  line  bisecting  the 
angle  formed  by  two  mirrors  inclined  at  140  deg.,  was 
finally  chosen.  The  incandescence  lamps  were  subjected 
to  two  independent  tests.  The  absolute  measurements 
were  taken  in  connection  with  the  tests  of  the  dynamos  ; 
the  plane  of  the  carbon  filament  was  placed  vertically 
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to  the  photometer  scale  and  the  intensity  of  the  lamp 
was,  by  tlie  interposition  of  resistances,  reduced  t5  cer- 
tain values  such  as  recommended  by  the  manufacturer  or 
by  other  considerations.  The  relative  measurements  had 
nothing  to  do  with  tlie  electrical  efficiency,  but  were  only 
to  decide  the  diffusion  of  the  light  in  various  directions  ; 
for  this  purpose,  two  lamjjs  of  the  same  construction  were 
compared,  in  parallel  circuit  or  in  series,  the  onekeptatzero 
position,  that  is,  the  plane  of  the  filament  perpendicular 
to  the  scale,  whilst  the  other  was  turned  round  its  vertical 
and  also  round  its  horizontal  axis.  The  arc  lamps  were 
examined  in  the  same  way,  the  two  tests  here  following 
one  another  immediately  for  practical  reasons ; the  regula- 
tion of  the  arc  lamir  was  left  to  the  njanufacturer  to  enable 
him  to  show  hi.s  lamp  to  advantage  ; the  two  carbon  pencils 
had  always  to  be  fixed  most  accurately  vertical  above 
one  another.  Determinations  as  to  the  intensity  under 
various  angles  of  inclination  to  the  horizontal  i^lane  can 
be  most  conveniently  made  by  raising  and  inclining  the 
whole  photometer  ; but  as  this  was  not  feasible,  a mirror, 
revolving  round  its  horizontal  axis,  was  fixed  at  the  end  of 


the  constancy  of  the  one-hole  burner  II.  was  found  suffi- 
cient as  long  as  the  height  of  the  flame  was  maintained  ; 
the  Argand  burner,  on  the  other  hand,  proved  too  trouble- 
.some,  and  thedirect  comparison  between  the  gas-jet  II.  and 
the  regenerative  burner  V.  perfectly  reliable,  so  that  the 
Argand  burner  was  dispensed  with.  The  actual  test  of  the 
lamp  VI.  was  effected  according  to  M.  Allard’s  method  of 
arriving  at  a correct  mean  intensity  of  the  always  unsteady 
arc  lamp  ; the  observer  moved  the  screen  b backward  and 
forward,  adapting  himself  as  much  as  possible  to  accord 
with  the  fluctuations  ; and  took  his  observations,  to  the 
number  of  ten  or  fifteen,  at  signals  given  at  intervals  of 
ten  or  twenty  seconds.  This  method  promises  a near 
average,  and  permits  at  the  same  time  of  a determination 
of  the  steadiness.  Inquiries  into  the  absorption  of  light 
in  the  atmosphere  were  at  one  time  thouglit  of,  parti- 
cularly with  reference  to  the  very  powerful  locomotive 
lamps  exhibited  by  Mr.  Schuckert ; time,  however,  did 
not  allow  a full  investigation,  and  a few  observations 
would  have  been  of  no  avail,  since  the  absorptive  capacity 
of  the  atmosphere  depends  upon  many  circumstances. 


the  scale  B C (Fig.  4),  and  threw  the  rays  falling  from  the 
arc  lamp  VI.,  which  could  be  suspended  at  various 
iieights,  horizontally  on  the  screen  b.  Fig.  4 illustrates 
the  arrangement ; A B and  B C are  the  two  scales,  of  (i 
and  12  metres  length  ; a and  b the  two  photometers  slid- 
ing on  these  scales.  The  gas  main  contained  a meter  g, 
and  a pressure  regulator  d ; in  each  of  the  three  branches 
feeding  the  Siemens  regenerative  burner,  the  Argand,  and 
the  one-hole  burner  there  was  a gas-meter  (1,  2,  3),  a sensi- 
tive pressure  regulator  (dj,  d^,  d.^),  and  a regulating  cock 
(hi,  h<i,  k,i). 

The  observations  for  absolute  intensity  were  at  first 
taken  in  tlie  following  way.  The  English  standard  candle 
I.  of  45  millimetres  height,  was  compared  to  the  one-hole 
gas  burner  II.,  by  means  of  the  photometer  a on  the  scale 
A B ; with  the  same  ajiparatus,  II.  was  compared  to  the 
Argand  burner  M,  and  III.  to  the  regenerative  burner  V. 
Then  followed  on  the  scale  B C and  tlie  photometer  b,  the 
comparison  between  the  arc  lamp  VI.,  and  the  regenera- 
tive burner  V.,  signals  and  time  notations  securing  the 
synchronism  of  the  observations.  This  whole  series  of 
tests  was  then  checked  by  a repetition  of  all  determina- 
tions in  the  reversed  order,  concluded  by  a second 
gauging  of  the  gasburner  II.,  by  the  standard  candle 
1.  ; all  gas  flames  were  left  burning  throughout  the 
exiieriment,  and  were  .screened  off  when  not  required. 
Tlie  results  suggested  a simplification  of  the  arrangements ; 


Results  op  Tests.— Incandescence  Lamps. 

I.  Relative  Light  Intensity. — The  nature  and  compass  of 
the  observations  made  to  ascertain  the  relative  light  in 
tensities,  will  be  the  best  understood  from  the  following 
complete  series  of  tests  of  two  Edison  B lamps,  in  series  : 
Lamp  No.  1 at  0 metre.  No.  2 at  2.10  metres. 

Table  III. — Relative  Light  Intensity.  Two  Edison  Lamps. 


1.  Lamp  No.  1 Revolving  Round 
Vertical  Axis,  0 deg.  = Zero  posi- 
tion (Carbon  Filament  Vertical 
to  Photometer). 

2.  Lamp  No.  1 Revolving 
Round  Horizontal  Axis, 

90  deg.  = Head  of  Lamp 
turned  towards  Photometer 
(Head  Position). 

Angle. 

Position 

of 

Screen. 

Angle. 

Position 

of 

Screen. 

Angle. 

Position  of 
Sci'een. 

deg. 

m. 

deg. 

in. 

deg. 

m. 

0 

1.055 

180 

1.064 

0 

1.075. 

4.057 

65 

72 

61 

60 

71 

58 

63 

72 

22.5 

1.115 

202.5 

1.093 

22.5 

1.036 

IS 

90 

32 

21 

95 

35 

21 

94 

39 

45.0 

1.133 

225 

1.132 

45 

1.004 

37 

36 

01 

36 

31 

01 

37 

35 

03 

07.5 

1.147 

247.5 

1.142 

67.5 

0.967 

45 

44 

69 

49 

41 

69 

46 

39 

65 

90 

1.157 

270 

1.130 

90 

0.765 

58 

29 

64 

59 

32 

62 

56 

30 

65 

112.5 

1.145 

292  5 

1.143 

47 

45 

40 

44 

45 

40 

135.0 

1.144 

315 

1.128 

40 

27 

44 

26 

42 

27 

157.5 

1.092 

327.5 

1.066 

95 

71 

92 

(i4 

90 

(54 

360 

1.036* 

38 

36 

Not  reliable,  the  current  being  intemiiited. 

From  these  figures,  stating  the  .screen  jiositions  .at  which 
iqual  illumination  resulted,  the  following  light  iiitonsities 
'or  lamp  No.  1 in  its  various  positions  were  calculated. 
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tlio  intensity  of  liiini)  No.  2 being  taken  as  unity.  Table 

IV.  . , , 

With  the  aid  of  the  figures  of  this  latter  Table,  there 
were  tlien  calculated  the  light  intensities  wliich  the  larai) 
emits  in  various  directions  ; the  intensity  which  the  lamp 
yielded  when  in  zero  position,  that  is,  when  the  plane  of 
its  carbon  filament  was  at  right  angles  to  the  photometer, 
being  taken  as  unity.  Tables  III.  and  IV.  likevrise  show 
that  there  were  three  observations  at  zero  positions,  at 


at  the  photometer,  two  others  measured,  simultaneously 
at  given  signals,  the  current  passing  through  the  lamp 
with  the  help  of  the  mirror  galvanometer  and  the  dif- 
ference of  potential  at  the  binding  screws  with  the  torsion 
galvanometer.  The  examination  of  an  Edi.son  A lamp, 
which  is  described  in  the  report,  involved  fifty  readings 
at  each  of  the  apparatus  ; and  from  these  observations 
were  obtained  the  figures  for  the  following  abridged 
Table  VI. 


TABLE  IV.— Relative  Light  Intensity.  Two  Edison  Lamp.s. 


Angle  

0 de". 

22.5  deg. 

45  deg. 

07.5  deg. 

90  deg. 

112.5  deg. 

135  deg. 

157.5  deg. 

1 

1.019 

1.281 

1.373 

1.449 

1.505 

1.438 

1.432 

1.174 

Revolving  about  vertical  axis  . . -! 

1.027 

296 

94 

38 

11 

49 

43 

87 

43 

311 

89 

60 

17 

10 

32 

74 

( 

31 

311 

94 

43 

00 

38 

21 

65 

Mean  

1.030 

1.300 

1.388 

1.4775 

1.508 

1.434 

1.432 

1.175 

Angle  

180  deg. 

202.5  deg. 

225  deg. 

247.5  deg. 

270  deg. 

292.5  deg. 

315  deg. 

337.5  deg. 

360  deg. 

1.055 

1.178 

1.308 

1.421 

1.357 

1.427 

1.347 

1.063 

0.948 

Vertical  axis  . . - 

59 

^5 

89 

32 

52 

38 

42 

83 

44 

03 

87 

02 

16 

68 

32 

36 

55 

55 

( 

51 

83 

83 

05 

57 

10 

42 

55 

48 

Mean  

1.057 

1.178 

1.3775 

1.4185 

1.3585 

1.427 

1.342 

1.064 

0.949 

Angle  

0 deg. 

22.5  deg. 

45  deg. 

67.5  deg. 

90  deg. 

I 

1.100 

0.948 

0.839 

0.728 

0.328 

RevoR  ing  round  horizontal  axis  . . - 

1.087 

1.083 

34 

44 

29 

29 

34 

34 

27 

24 

( 

1.087 

59 

36 

23 

23 

Mean  . . 

1.089 

0.940 

0.833 

0.730 

0.327 

0 deg.,  180  deg.,  3G0  deg.,  and  corresponding  relations 
with  regard  to  the  other  positions  ; thus  the  means  of 
three  or  two  observations  are  noted  in  this  table.  The  first 
column  of  Table  V.,  page  x.,  gives  the  name  and  distinctive 
number  of  the  lamp  in  each  case.  The  upper  row  indi- 
cates the  values  for  the  intensity  of  the  lamp  when  re- 
volving about  its  vertical  axis,  the  lower  line  the  same  for 
the  revolution  about  the  horizontal  axis. 

This  tabular  matter  is  graphically  arranged  in  the 
following  diagrams.  Figs.  5 to  22,  illustrating  the  emission 
of  light  in  the  horizontal  and  vertical  i>lane.  The  figures, 
it  will  be  seen,  are  the  same  as  in  the  preceding  Table. 

The  report  adds  an  interesting  contribution  from  the 
able  pen  of  Professor  E.  Hagenbach-Bischoff,  of  Basle,  on 
some  theoretical  points,  basing  upon  Lambert's  law,  ac- 
cording to  which  the  quantity  of  light  ci  reflected  from  one 
plane  element  d /on  to  another  d is 
_ i df  df'  cos.e  cos.e^ 

in  which  i signifies  the  intensity  of  the  illuminating  plane 
df,  X its  distance  from  dP,  and  e and  e’,  the  angles  which 
the  central  line  forms  with  the  normal.  Professor  Hagen- 
bach  found  that  a practically  accurate  mean  horizontal 
intensity  may  be  obtained  by  taking  observations  at 
0 deg.,  90  deg.,  and  4.5  deg,  and  calculating  the  average 
of  those  on  the  base  of 

0 deg.  -(-  2 X 45  deg.  + 90  deg. 

4 ’ 

that  is,  counting  the  intensity  at  45  deg.  twice  when 
determining  the  mean  horizontal  intensity.  This  in- 
vestigation was  mainly  confined  to  the  Edison  and  Maxim 
lamps. 

II.  Absolute  Light  Measurements. — As  above  explained, 
the  absolute  light  measurement  formed  part  of  the  tests 
of  the  dynamos,  and  therefore  partly  engaged  the  members 
of  Section  I.,  who  had  to  determine  current  intensity  and 
potential  difference.  The  lamp  was  in  zero  position,  that 
is  the  plane  of  its  carbon  filament  at  right  angles  to  the 
photometer  screen,  and  whilst  two  observers  were  stationed 


T.yble  VI. — Absolute  Light  Test. 
Edison  A Lamp. — No.  1. 


Time. 

Intensity. 

Standard 

Candles. 

S 

b 

3 

O 

Potential  Dif- 
ference. 

Time. 

Intensity. 
Standard  1 

Candles.  | 

Current. 

Potential  Dif-  | 
ference,  i 

h.  m. 

ampbres. 

volts. 

h.  m. 

ampferes 

volts. 

3 17 

21.423 

0.702 

110.6 

3 35 

15.414 

21.423 

0.703 

110.7 

3 45 

10.403 

0.610 

99.07 

21.037 

0.706 

110.6 

10.519 

0.610 

99.07 

21.920 

0.706 

110.5 

10.597 

0.610 

98.97 

21.620 

0.702 

110.3 

3 47 

10.636 

99.07 

3 19 

22.122 

0.704 

110.7 

10.327 

0.608 

98.99 

3 24 

18.985 

0.699 

107.8 

10.176 

0.609 

98.99 

18.985 

0.677 

107.7 

10.138 

0.609 

98.84 

18.413 

0.678 

107.7 

10.289 

0.614 

98.84 

3 26 

18.818 

0.678 

107.5 

10.289 

0.608 

18.985 

0.678 

107  7 

3 31 

15.162 

0.652 

104.4 

14.8.56 

0.654 

104.4 

14.499 

0.653 

104.6 

3 33 

15.351 

0.651 

104.6 

14.152 

0.648 

104.2 

14.676 

0.652 

104.4 

18.737 

107.5 

3 39 

11.864 

0.628 

102.0 

11.819 

0.632 

101.9 

12.094 

0.631 

101.7 

3 41 

12.094 

0.632 

101.9 

12.140 

0.6:i2 

101.7 

12.048 

0.632 

101.7 

14.856 

0.652 

104.4 

The  report  then  proceeds  to  give,  pages  118  to  120,  the 
results  of  the  tests  with  incandescence  lamps,  stating  the 
time  of  observation,  the  light  intensity  in  standard 
candles,  the  current  intensity  in  ampbres,  the  potential 
difference  in  volts  as  before,  and  further  the  electrical 


work  in  volt-amperes  and  in  horse-power 


736/ 


and 


TABLE  Y.— RELATIVE  LIGHT  INTENSITIES.— INCANDESCENCE  LAMPS. 
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I in  the  last  column  the  resistance  of  the  hot  lamp  derived 
j from  R = .£.  The  figures  show  very  considerable  fluc- 

tuations,  and  the  gradual  and  often  very  remarkable 
increase  of  intensity  attained  during  the  twenty  or  more 
minutes  over  which  the  observations  extended.  The  rela- 
tions between  electrical  work  expended  and  light  inten- 
I sity  realised  are  of  particular  interest.  To  render  these 
1 relations  clearer,  curves  were  plotted  out  representing 
by  their  abscissae,  the  electrical  work  in  volt-amperes 
and  horse-powers,  and  by  their  ordinates,  the  light  inten- 
sities. Professor  Voit  thus  followed  a line  of  researches 
j first  entered  upon  by  Mr.  Andrew  Jamieson.  In 
analysing  these  curves  it  appears  that  of  the  various 
I assumptions  which  have  been  made  regarding  the  increase 
I of  light  with  increase  of  electrical  work,  the  supposition  of 
an  increase  of  light  proportional  to  the  third  j)ower  of 
work  consumed,  harmonises  best  with  the  observations. 

■ In  a formula  this  law  would  be  expressed  thus  : L = a 
L meaning  the  light  intensity  to  be  determined,  a the 
intensity  produced  by  the  unit  of  work,  and  a the  work 
expended.  It  is  noteworthy  that  the  Cruto  lamp,  which 
from  its  peculiar  filament  acquires  a character  of  its  own, 
does  not  agree  to  this  law. 

At  the  end  of  their  exhaustive  report,  which  in  the 
abundance  of  its  experimental  facts  and  the  circumspect 
character  of  the  inferences  based  upon  this  material,  is 
highly  creditable  to  the  members  of  the  Committee, 
Table  VII.  is  added  permitting  an  easy  comparison  of  the 
Munich  tests  with  those  of  Paris.  We  must  not  forget, 
however,  that  if  agreement  seems  to  be  missing  even  in 
I the  column  which  gives  the  light  intensity  per  horse- 
! power,  that  the  respective  lamps  of  the  same  name  were 
I not  tested  under  equal  conditions.  The  Edison  B lamp, 
for  instance,  yielded  at  Munich  more  light  per  horse-power 
than  the  A lamp,  contradictory  to  the  experience  gained 
at  Paris,  the  explanation  being  that  at  Munich  the  lamp 
was  excited  to  a higher  degree. 

The  conclusions  arrived  at  are  : 

1.  The  intensity  of  light  emitted  by  an  incandescence 
lamp  in  various  directions  of  the  horizontal  plane  depends 
upon  the  section  of  the  filament;  a circular  section  dis- 
perses the  light  equally. 

2.  The  distribution  of  light  in  various  directions  dejiends 
upon  the  projection  of  the  filament  at  each  direction. 

3.  For  the  same  lamp,  the  light  intensity  increases  with 
the  cube  of  the  electrical  work  consumed. 

4.  The  mean  light  intensities  produced  by  the  electrica 
unit  of  work  are  : 


Edison  I 

Swan  I 
Maxim  . . . 
Siemens... 


A .. 
B .. 
small 
large 


Muller 

Cruto 


( small 
s medium 
( large 


0.0000370 

0.0001100 

0.0000848 

o.ooooooi; 

0.0000148 

0.000022.0 

0.0000213 

0.00000(i7 

0.0000021 

0.0000200 


Arc  Aamps.— The  general  arrangements  have  already 
been  described.  Tlie  plant  comprised  a reflector  whose 
use  involved  a loss  of  liglit  by  absorption  which  had  to  be 
allowed  for.  The  arc  lamp  tests  are  very  complete  in  so  far 
as  photometry  is  concerned  ; but  they  were  limited  to 
I four  lamp.s,  two  of  which  are  hardly  known  in  this  coun- 
try ; and  they  impart  so  little  information  about  tlio 
jiower  consumed  that  we  may  be  brief.  In  glancing  over 
the  extensive  tables,  one  is  struck  with  the  astonishing 
fluctuations  in  tlie  light  intensity  occurring  during  the  two 
or  four  minutes  wliich  one  series  of  observations 
occupied.  Although  following  one  another  quickly,  as 
may  be  expected  from  the  shortness  of  the  period  of 
observations,  these  changes  are  not  abrui>t,  the  intensity 
rising,  in  one  instance,  from  (iOO  candles,  to  700,  000,  and 
1100,  and  sinking  again  to  000  candles,  during  one 
minute  or  a little  more.  This  case  is  perhaiis  the  worst 
that  could  bo  (piotod  ; but  fluctuations  within  one  minute 
of  10  percent.,  and  more,  are  not  rare,  and  they  show  the 
necessity  of  taking  a very  high  number  of  roading.s. 
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DIAGRAMS  OF  PHOTOMETRIC  VALUES  OF  INCANDESCENCE  LAMPS. 


Dynamo  and  Light  Tests  at  the  M'dnich  Electrical  Exhibition. 


xii  ' 


The  Munich  experimenters  cannot  be  accused  of  having 
shirked  this  irksome  duty  ; more  than  400  observations, 
for  instance,  were  made  for  the  one  Schuckert  lamp. 
Tlie  means  of  a number  of  readings,  on  the  other  side, 
agree  pretty  well  with  one  another,  so  that  the  variations 
must  in  general  equalise  one  another  within  the  space  of  a 
few  minutes.  Several  causes  may  co-operate  in  effecting 
these  changes ; irregularities,  even  if  slight,  in  the  speed 


English  standard  candles,  and  further,  in  its  second  half, 
the  respective  intensities  for  the  same  angles  as  multiples 
for  the  unit  intensity  in  the  horizontal  plane  itself. 

The  figures  of  the  second  half  of  this  table  were  used  in 
constructing  the  curves  of  the  following  diagrams  (Fig.  23 
to  2(i),  and  also  in  determining  the  mean  illumination  of  a 
sphere  surrounding  the  lamp.  The  maximum  intensity 
seems  here  to  have  been  emitted  at  an  angle  of  about 


TABLE  VII.— Results.  Munich,  1882. 


Lamps. 

, 

Light  Inten- 
sity. 

Resistance. 

Difference  of 
Potential. 

Current. 

Electrical  W'ork. 

Light  Inten- 
sity per 
Horse  Power 

Number  of  Lamps  per 
Horse-Power. 

candles. 

ohms. 

volts. 

ampCres. 

volt-amp. 

HP. 

candles. 

(A 

11.69 

67.68 

55.78 

0.825 

46.02 

0.0625 

186.90 

26.361  ( 8 candles) 

( B 

15.32 

139.60 

103.05 

0.755 

77.80 

0.1057 

144.88 

9.05  (16  „ ) 

Maxim 

13.34 

47.01 

65.07 

1.384 

90.06 

0.1224 

108.98 

3.88  (28  „ ) 

(A 

10.95 

31.91 

38.38 

1.222 

46.90 

0.0637 

171.78 

17.18  (10  „ ) 

( B 

37.17 

87.03 

118.02 

1.282 

151.30 

0.2056 

180.75 

4.52  (70  „ ) 

Siemens 

14.90 

104.72 

95.74 

0.915 

87.60 

0.1191 

125.14 

7.82  (16  ) 

(A 

18.43 

58.62 

74.01 

1.263 

93.51 

0.1271 

145.01 

7.26  (20  „ ) 

Muller 

’ B 

43.08 

59.52 

105.22 

1.779 

187.19 

0.2544 

169.33 

3.39  (50  „ ) 

( C 

102.35 

65.41 

155.15 

2.367 

367.24 

0.4991 

205.05 

2.05  (100  „ ) 

Cr\ito  . . 

8.47 

8.16 

22.15 

2.715 

CO  14 

0.0817 

103.56 

10.36  (10  „ ) 

Besidts.  Paris 

1881. 



(A 

15.38 

137.4 

89.11 

0.6510 

57.93 

0.0788 

196.4 

12.28  (16  candles) 

( C 

31.11 

130.03 

98.39 

0.7585 

74.62 

0.0941 

307.25’ 

9.60  (32  „ ) 

\ X 

16.61 

32.78 

47.30 

1.471 

69.24 

0.0945 

177.92 

11.12(16  „ ) 

( B 

33.21 

31.75 

54.21 

1.758 

94.88 

0.1059 

262.49 

8.20  (32  „ ) 

\ A 

16  36 

27.40 

43.63 

1.593 

69.53 

0.1025 

173.58 

10.85(16  .,  ) 

l.iaiie*X  ox 

t B 

32.71 

26.59 

48.22 

1.815 

87.65 

0.1289 

276.89 

8.65  (32  „ ) 

(A 

15.96 

41.11 

56  49 

1.380 

78.05 

0.1191 

151.27 

9.45(16  .,  ) 

, B 

31.93 

39.60 

62.27 

1.578 

98.41 

0.1337 

239.41 

7.43  (32  „ ) 

TABLE  VIII. — Arc  L.imps  ; Light  Intensities. 


Intensity  in  Candies  at  Angles  of 


Intensity  Ratios  Compared  to  Intensity  at  0 deg. 


Lamp. 

0 

deg. 

15 

deg. 

20 

deg. 

30 

deg. 

40 

deg. 

45 

deg. 

50 

deg. 

60 

deg. 

0 

deg. 

15 

deg. 

20 

deg. 

30 

deg. 

40 

deg. 

45 

deg. 

50 

deg. 

CO 

deg. 

Schuckert 

248 

619 

1037 

1238 

1461 

1124 

788 

1 

1 2.5 

4.2 

5.0 

5 9 

4.5 

3.2 

Schwerd 

443 

2859 

3251 

3250 

1836 

1 

6.5 

7.3 

7.3 

4.1 

Crompton 

452 

isk 

liio 

2523 

2iio 

3071 

2155 

1986 

1 

id 

2.5 

5.6 

4.7 

6.8 

4.8 

4.4 

Schaeffer 

745 

875 

1168 

1227 

1 

1.2 

1.6 

1.6 

of  the  motor,  and  hence  in  that  of  the  dynamo,  consider- 
ably influence  the  light  intensity  ; and  the  behaviour  of 
both  the  dynamo  and  the  lamp  regulator,  and  the  quality 
of  the  carbons,  are  of  course,  mo.st  important  factors. 

For  the  incandescence  lamps  the  dispersion  of  light  in 
both  the  horizontal  and  vertical  plane  has  to  be  studied. 
Arc  lamps  distribute  their  light  evenly  over  the  hori- 
zontal plane  as  long  as  their  carbons  are  central.  That 
great  care  was  bestowed  upon  this  point  has  already  been 
remarked,  and  it  appeared  that  the  central  disposition 
of  the  carbons,  vertically  above  each  other,  secured 
uniform  distribution.  The  suspended  lamps  were  lowered 
and  raised  as  usual,  and  the  readings  refer  to  inclinations 
of  the  light  rays  to  the  horizontal  jdane  u|>  to  (iOdeg. 
But  the  lamps  were  not  lowered  below  the  jdane  of  the 
photometer,  nor  were  any  coloured  glasses  employed,  since, 
as  we  have  already  said,  conclusions  as  to  the  absori>tive 
|)ower  of  the  atmosphere  for  rays  of  different  refrangi- 
bility  would  demand  the  separation  and  elimination  of 
several  agents. 

We  quote  from  the  report  the  following  mean  results  ; 

The  arc  lamp  of  Messrs.  Schwerd  and  Scharnweber  con- 
tains two  coils,  whose  common  core  moves  in  a tube  partly 
filled  with  glycerine.  The  arc  length  is  ordinarily  kept 
constant  by  the  play  of  this  core,  and  occasionally,  when 
necessary,  is  re-established  by  the  iron  core  setting  in  action 
a clockwork.  The  report  does  not  contain  any  information 
about  the  Schaeffer  lamp,  which  did  not  always  burn 
regularly,  whilst  the  Cromi)ton  lam)),  the  Schuckert  lamp 
(of  the  differential  type),  and  the  Schwerd  lamp  gave 
satisfaction.  Table  VIII.  states  the  light  intensities  in 


TaB6E 

IX. — Arc  Lamp  Tests. 

Emission  of  Light. 

Intensity.  Eng- 
lish Standard 
Candles. 

1 Electrical  Work 
i Delivered  to  the 
Lamp. 

Intensity  per 
Electrical  Horse- 
Power  at  the 
Lamp. 

Intensity  per 
Horse-Power  of 
the  Dynamo, 

candles. 

ScJivckcrt 

volt-amp6res. 

Lamp. 

candles. 

candles. 

In  horizontal  direction. . 
Maximum  at  45  deg.  . . 

250 

14C4 

385 

477 

313 

Mean  intensity  . . 

470  394 

Schwerd  Lamj). 

878 

579 

In  horizontal  direction.. 

456 

728 

4C1 

278 

Maximum  at  45  deg. 

3250 

811 

2950 

1836 

Mean  intensity  . . 

1145  1 761 

Crompton  Lamp. 

1121 

788 

In  horizontal  direction  .. 

560 

1 920 

448 

1 382 

Maximum  at  50  deg. 

3071 

1 11C4 

1942 

1 Mean  intensity  . . 

1 

1221  1 958 

Schaeffer  Lamp. 

939 

bil 

In  horizontiil  direction  . . 

744 

1 

' 389 

1 Maximum  at  CO  deg. 

1227 

634 

Mean  intensity  .. 

692 

1 " ' 

3C0 

4.')  (fog.,  whilst  other  oloctriciaus  often  rocommoiuf  angles 
' of  34  dog. 
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Tlie  diagrams  Figs.  23  to  20  aro  liable  to  be  misunder- 
stood. The  small  space  encircled  by  the  Schaeffer  curve 
might  be  interpreted  as  indicating  a very  low  mean 
luminosity.  By  referring  to  Table  IX.,  however,  we 
l)crccive  that  the  mean  intensity  of  the  Schaeffer  lamp 
amounts  to  092  candles,  against  470  in  the  case  of  the 
Schukert  lamp ; nor  have  the  respective  values  per 
horse-power,  as  also  stated  in  Table  IX.,  anything 


With  regard  to  the  i)ower  tests  we  may  also  content 
ourselves  with  the  summary  of  the  last  Table.  Those 
who  are  practically  interested  in  similar  tests,  we 
refer  to  the  original  reports.  They  form  a lengthy  docu- 
ment of  150  pages  quarto.  Theory  may  occasionally  pre- 
dominate and  assume  a speculative  character,  as  is  only 
natural  in  the  case  of  so  young  a science.  But  there  is 
no  theory  advanced  without  experimental  foundation. 


to  do  with  these  curves.  They  are  simply  based  upon 
Table  VIII.  ; the  intensity  in  the  horizontal  line  being 
taken  as  unity,  the  curves  demonstrate  how  the  Schwerd 
lamp  emits  seven  times  more  light  downward  under  an 
angle  of  50  deg.  than  in  the  horizontal  plane  round  it ; 
whilst  the  Schaeffer  lamp,  at  the  same  elevation,  augments 
its  intensity  by  one-half  only,  thus  spreading  its  light 
much  more  uniformly. 


and  we  are  on  the  whole  convinced  that  the  Com- 
mittee have  done  well  in  laying  so  conqilete  a document 
before  the  public.  This  report,  and  the  preliminary 
pamphlets,  which  minutely  explained  the  distribution 
of  the  work  between  the  various  observers,  really  con- 
stitute a theoretical  and  practical  treatise  on  electrical 
tests. 
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